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Structures saoculd be designed and constructed to fulfill safety,
ecorony and efficiency. When dealing with reinforced aﬁ& prestressed
concrete structures, the desimmar is facing a combination of two to-
tally different materials, concrete and steel, bebaving in a wvery
comnlicated manner. 4 rigorous treatzent of the inelastic, discontip-
uous, time-dependent bebavior of concrete reinforced by steel is wip-
tually an izmpossibility. However, extensive research in the field of
reioforced and prestressed concrete yielded a good understanding of
toeir Dbebavior and relatively siaple theories have been developed fer
analysis apd desigmn. Nevertheless, successful applisasion of tnese
theories needs a good grasp of tie assumptions on which the; are
based and of the extent to wiich they can be applied. This book is
an atvelpt to present the fundazentals of reinforced and prestressed
concrete necessary for ecomomic, safe and efficlent design as wiewed

by the author through farty years of experience in this field.

This edition of the book is divided into four parts, published
earlier geparately:
Fart 1 is cooposed of three chapters:
Chapter 1 describes the physical and mechanicsl properties of conc-
rete and reinfaorcing steel,
Chapter 2 presents fhe analysis of elements in compression, tensicn,
bepdiog with and without axial forces by =making use of basic strength
of naterisls end pertinent simplifications that deseribe the combined

action of concrete and steel,



Chapter 3 discusses safety provisions and different thecories of
design.

Part 2 contains three more chapters dealing with the design of diffe-
rent reinforced concrete elements:

Chapter & gives the design of reinforced concrete beams. It explains
the load distribution, internal forces, dimensioning and detailing of
beams. Design of sections of different shapes is presented using both
the working stress design (WSD) method and-the ultimate strength
design {Iﬂﬁ) method,

Chapter 5 deals with common types of slaba: solid, ribbed, hollow and
flat. WSD method is used in solving design examples. Beamless slabs
supported on columns of irregular arrangement are also presented,
Chapter 6 ia devoted for columns and elements subjected to eccentric
forces causing uniaxial and biaxial bending. Both the WSD and USD
methods are used in the design, Tﬁis part was first published in 1976
then together with Part 1 they formed Volume I, published in 1978,

Part 3 contains Chapters 7 to 1l covering the following subjects:
stairs, ﬁannliaﬂ beams, surface and deep fuﬁn&atiuna, retaining walls
and torsion.

Part 4 presents the fundamentals of prestressed concréte. It is divi-
ded into ten sections cﬁ?uring the following subjects: materials,
prestressing systems, loss of pregtress, analysis and dimensioning of
sections in bending, shear , bond and bearing stresses, deflections,
layout of ‘tendons in statically determinate beans, and finally comp-
ression and tension members. This part was first published in 1970,
then in cosbination with Part 3 as Volume II in 1978.

I wish to thank my collegues, ay students and the practicing
engineers for their enthusiastic acceptance of the different parts
of this book. I alse wish to apologize for any inconsistency they may

it




find in the terminolozy of the different parts. The unexpected speed
with which the book is in demand for reprinting gives me virtually
no time for revision ! I even thinik this edivtion needs some reshuff-
ling and screening of the contents that will hopefully be made in
the next edition.
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PART 1

MATERIALS AND ANALYSIS



COHNCRETSRE AND RIINFORCING STEEL

1a.1= DITRODUCT IOH

Concrete is an artificial stone-like naterial, It consists of =an
intinate, carefully proportioned, mixture of inert materials called
aggregates (sand, zravel, crushed ston® ..... etc.) with cement and
water. Because of the action of the cement, the zirxture thus obteined
begins to harden after a few hours in forms of the shape and dinen -
sitna of the required structure and gradually aquires its strencth pro-
perties. The bulk of the material (~ 857%) consists of fine and coarse
aggregates. Cement and water interact chemically to bind the agcregate
particles into a sclid mass.

The properties of the concrete depenhd mainly on the following fac-
tora:

l. The proportions of the mix.,especially the amocunt of cement and
water.

2+ The guality and grapular composition of the aggregates.

3« The thoroughness with which the wvarious constituents are inter =
mixed,

4. The degree of compactness in the forms.

5« The conditions of humidity and temperature during setting and har—

dening, i.e. the method of curing.

Good dense concrete possesses high gqualities which can only be
maintained by a skiliful comtimual quality control throughout the whole

process from the proportioning of the mix, through mixing, placing and
campaction, until the completion of curing.

The campressive strength of concrete is high while its tensile
strengh is low so that ita economic use in members subject to axial
tension, such as tie rods, or members subject to bending, such as beanms
is generally not possible.

To overcome this difficulty, it has been found possible to use st—
eel with 1ts high tensile strength to reinforce conerete, mainly in
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the tension zomes where the =mall tengile streosth of the consrete
would limit the carrying capacity of +the member. The reinforcement,
usually round steel rods, is placed in the forums before casting the
concrete. Then campletely surrounded by the hardened concrete mass,
it forms an integral part of the member and the two materials static-
ally act together, The resulting concrete element reinforced by steel
is called reinforced conecrete. '

To illustrate this statical ac— ' |
tion, let us consider the simple < sl # i l ‘ l L

beam shown in Fig., l=l1. Under +the — 11— { g
effect of vertiecal ]I.uad.a, the beanm : {a) ‘ih

will be subject to compressive str- I compression
esses above the neutral axrds and :

tensile stresses below it, If +he
beam 1s made of plain concrete, its

bearing eapacity will be govermed tension

by the low tensile strength of con— stesl

erete. The failure will take place reinforcenent
due to the cracking of the +tension '

zone and the high compressive stre— Fig. 1-1

ngth of the concrete is not utiliz-

ed. In order to increase the bearing capacity of the beam, its wealk
tension zone is reinforced by steel rods Placed near the lower ex-
treme fiber as shown in Fig. 1-1b.

Steel is supposed to be the most convenient material to reinfor-
ce the concrete for the following reasons: .

1« Bond between steel (especially when deformed) and concrets is
relatively high and ig generally sufficient to keep the two materidls
dcting together within Practlically all load stages,

2. Conerete and steel have nearly equal coefficients of +thermal
eéXpansion, so that no intermal stresses take place due to egual tem-
perature changes. The coefficient « for both conecrete and steel may,

- on average be taken as 1077 (0.0l mn/m/degree centigrade), '

3+ A good dense concrete protects the steel from rusting,

48 a building material, reinforced concrete combines many. of the
 advantages of its caoponents = concrete and steel - namelys
A relatively low cogt,
4 good weather and Tire resistance,
A high resistance due to the high compressive strength of the con-

crete and the high tensile strength, ductility and toughness of +he
steel. '



e
A good protection of the steel from rusting.

One of the main factors which make reinforced concrete a univers-—
al building materisl. is the facility wifth which it can be formed +to
almost any practical required shape.

The strength of the concrete required for a reinforced concrete
element is.limited by the quality and percentage of the steel rein-

forecenents used in the same slemant, _I:Eag:'a'um, the width and 2istrib-
ution of the cracks in reirnforced cozerste slsdents dspend oz the chape
2nd. ddstribvatiiz of the reinforczoent and the zagritude 0f the stress
acting. So vhat, for a cartaln quality of stesl, the higher ths tensile
stress in the steel the wider are the-tension cracks,

For these reasons, the coooressive streangth of the concrste re-
quired for reinforced concrete 1s generally ¢ 300 ksfnn‘? ;i &4 bigger =t-
rength cannot be effectively utilized, and the required yleld stress
of the reinforcing steel is limited to ~ BOOO kgz/em=; the use of bet-
ter qua.'l..itiﬁn with higher yield and high tenmsile streas will cause un-—
desirable wide tension craclks.

Due to the remarkable advence of the technigue in the recent yecrs,
it has been found possible to yrcﬂn:a concretes of very high strength
(600 kg/cn® and eventually 1000 kg/em”) and steels having & yield st-
reas of 16000 kg:r'mz and oore, Such high qualities of concrete and st-
eel cannot be effectively used in reinforced concrete.

The use of these high gualities effectively has been found possi-
ble in "orestragsed coperets™, In this type of conerete structures,the
steel, 20stly in the shape of wires is embedled in the concrote under
hizh tension which is held in ezuilibrium by coapression stresses in
the surrounding concrete after hardening, Because of this presconpress-
ion, the concrete In a flexural nember will crack on the tenscion sice
at a ouch ilarger load than when not precomcressed. Thls reduces radic-
211y both the deflections and the tension cracks at service loads in
such structures and thersty enzbles these high-strenpgth materials to
be used effectively. Prestressad concrete 1s particularly suited on 2
mass-production beais, although it is being used as well without such
nrefabrication. '

We give in the following, some of the principal structural foras
of reinforced and prestressed concrete,
Piz. I-2 shows a gimple form of a slab, beam and girder floor in

which the slab is supported on the secondary beans; the secondary bea-
ns are supported on the girders which are supported on the coluans.
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Piz.l=3 shows a flat slab without any beans or girders except at
tha ocuter edges where one may arrange a marginal bean to support the
outside walls. Such floors are freguently used in case of relatively
big spans (6 to 1U ns) and heavy loads as in warshouses and garages.
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Pig. 1= shows a one-way ribbed slab which may be used for rela-
tively big spans pernitting saving in the concrete quantities and pe
inforcemant steal dus to the relatively big depth of the slab, Ribbed
slabs may also be two-way as shown in Fig. 1-=5.

= _
-
o
-L o r i : E!
=iy
e
o
il
: ':1 Fig. 1= o
E = x :I—;l X Cne wzy
Section G Ribbed or Hollow
q block Slab

t“'-

| i
'
HEEEEEER
—ap -r -
._l.l!l!:_ll!
e

Gecklon

A—knax. 0.0 n

— Twoe way
| | Bibbed or Eollow

block Slab




-
One and two way ribbed slabs are generelly nice loolding; thay
are pot recommended in dusty zomes or areas subjsct To grgkae and gi-
~ilar areas. If it is regquired to have a plane bottomn surface for the
slab, bollow blocks are arrananged between the ribs gshewm in Figs, 1=
4 and 1-5. This pew cysten adds the cost of the blocks, but it saves

most of the botbton shuttering of the slab and increases its insula-
tion against heat and sound.

"he use of simple beams as supporting eleoents 1s UHﬂﬂgﬂﬁDiE a3
+heir bending ooments are big,-the maximm wvalue :max =wl /8 in
a sienle beaz of span 1 and subject to a uniform load w— and acts at

ane section —~the aiddle section . The maximes fiber stress at this

section governs the design of the bean, For this reason, the use
continuous beams and frames is more convenient as the bending naents

dre smaller and distributed on many sections. Fig. l=5 shows tThe ge-
neral layout of a part of a hall using a siople rectangular frane ss

of

La main susporting eledent for the root.
T e X T ']lf “][' '
» -
| ;
|
E —= S | Fig. 1-6

A Hall covered by
a Rigld Fremse

i

In Fig. 1=7, we alow the cross sectlon of a dyeing and bleaching
hall using a gpecial type of continuous frames.
Arched roofs are conveniently used as reinforced concrete support-

ing elenents in cases where plane surfaces are not specified as  they
are oainly subject to comoressive forces and saall bending noments.
Pigs. 1=-2 and 1-9 show two different exasples for the use of arched

Sirdars.
As a Turther developneat of the arch principle, shell surfaces,
subject mainly to forces in the plane of shell, provide structurally
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Fig. 1-8 Examp tple 1 of Arch Girder  Fig. 1-9 Ex. 2 of irch with Tie
an efficient solution to the problen of carrying conveniently roof
loads over lonz spans of which we give in Fig. 1-10 the use of a cir-
cular dome to cover the upper storey of a building. In Fig. 1-11, the
use of a cone bo cover a circular tank of a relatively blg dianeter
ls shovm.

-

Fig. l=12 shows one example of the convenient and economic use of
a clrcular cylindrical shell as a roof of the barrel form.

Fig. 1-10 A Deme Fig., 1=-11 A Cone

In an attempt to simplify the forowork and wet retain many of
the advantagecus characteristics of cylindrical shells, the folded pl-
ates are used. Fig. 1-13 shows an example. '
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Fig. 1-12 4 Barrel cylind. Shell Roof Section 4 = 4
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Fig. 1-13 A Polded-plate Roof Section A = 4

Recently, the double curved shslls are used ; of which, we glve
in 1-1% an example of a circular paraboloid and in Fig. 1-15 an sxam-
ple of a conoid. Such forms have Proved to be of very high resistance,
aconomic, easy to construct and architecturally very impresaive,

Pige 1=15 A4 Coinoid

Moreover, reinforced concrete, and eventually prestressed COnC=
rete, are extensively used in approximately all other kinds of engin-
eering structures such as Figs. 1-16 and 1-17 of girder and arch brid-
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Fig. 1-16 A Girder Bridge
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Fig. 1=17 An Arch Bridge

ges, sllos,Fig. 1-18, bunkers, Fig. 1-19, tanks and water-towers,Figs.
1=11 and 1-20.
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Fig. 1=20
Fig. 1-18 A Silo Fig. 1-19 A Bunker , p.i.. towsr
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+2= CONCRETE CONSTITU=ZITS

propertiass necessary to bond the fggregates into & solid mase of ada-
quate strength and durability, Water ig needad for the chamical T O
cess (hydration) in whish the cement powder sets and kardens inte cne
s0lld masa., Of the various portland hydraulie cements, we, in FEgypt,

1) Cement: Tement is the daverial which has the edhssivae gnd cohesive

distinguish:
1)0rdinary cement which must conform to E.5/373/1963
2 )Rapid-hardening cement (supercreta)
which must conform to L ER o
3)Low-heat cement which must conform to E.5/541/1964
4)Blast furnace cement which must conform to E.5/974/1959

5)3and-mixed cement (Earmai) 25%
6)5ulphate resisting cement which must conform to E.5/583/1270

The main properties ars Elven in the Tollowing tables (1-1)

i
Average Oomp, Strengthtk:
Setting Time in kgfem® ...... after
Eind of Cament
Initial | Final 3 days |7 dayh®’ |28 dayho)
> & 5 > 1% 3 |98 )
Ordirary cemeant 45 min, | 10 hrs. 160 250
Rapid-hardening
o cement®’ | 45 min, | 10 nrs. 210 285
Blast furnsace 5)
comant Eﬁé 45 min, ( 10 hra. 112 210 350
Miwxed cement 255{5] the same as blast furnace cement 35%
Sulphate-resisting
cenent(®) | 45 min, [ 10 hrs, 154 239

(1) Compression tests to be performed on standatrd mortar cubea 50 cn®
section. The valuse in the table give the average for 3 cubas,

(2) The compressive strength after 7 days must be bigger than that
after 3 daya,

(3) The compreasivs 8trength after 28 days must be blgzger than that
after 7 days,

(4) The tensile strength (as average of 6 standerd mortar test spe—
cimens after 24 hﬂu.rs} 21 k_g-,_fnmE. The determination o7 this valua ig
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(5) Blast furnace cement 35% (scmetimes called alag cement 35%) is

produced by grinding together a mirture of normal portland cement
elinker and 35% granulated blast furmace slag.

Sand-mixed cement 25% (commercial name Karnak 25%) is prnﬂm:ud by
grinding together a mixture of normal portland cement clinker and
sand. ;

(6) The British standard specificatiocns B.S.S. 8027/66 specify fur-
ther:

The average compressive strenghh rnr 3 gtandard concrete cubes

after 3 days 03 B4 ka;’:'.n

aitar?ﬂaysd’.? > lﬂﬂkgﬁ’m a.n.ﬁ}ﬂ'}.

The guality of cement should be chosen with due regerd to the na-
ture of the structurs to be built, its structural characteristics ,
ite purpose and the various regquirements that it will have to fulflll
more nminu.l-.::].;r with reference to climatic and local conditions:
warm weather, cold weather, presence of aggressive water ... etc.

For ordinary reinforced concrete and prestressed concrete struc-
tures ordinary portland cement may be used. However, for prestressed
conerete structures in which the tandons (ecables) are to be tension-
ed while the cansrete is still young or for structures necassitating
esarly removal of formwork, the use of rapid-hardening cement may be
considered., On the other hand, in the case of structures reguiring
only relatively low mechanical strength,nixed cement (Earpnak) can
suitably be employed. Slag cement 1s supposed to be used in struct-
ures to be bullt in azzressive surroundings (in the presence of wa-
ter with considerable content of calcium sulpbatve). Egyptian mixed
and slag cements may be used in reinforced concrete ordinary struc-
tures not subject +to high stresses. They can be allowed in heavy re—
inforced concrete structures when tests prove the possibility of this
allowance. Due to scme difficulties in the production of uniform gra-
nulated blast furnsce slag used in producing Egyptian slag cemant, it
is recommended not to use it in facade mortars and plastaers, concrete
with surfaces directly exposed to humidity or structural elements
subject to abrasion.

In cases whare the concrete is used in the form of large masses,
cements with very high early strengths should not be used, nor too
rich mixes (with more than 300 kgs cement per nz’), as thase could
canse . considerable evolution of heat of hydratiom; in such casas,
low heat portland cement is recommended.
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If some of the concrete elements are in contact with liquids con-
taining high ratios of tri-sulpaur oxide 300 £ 8 05 € 2000 mlg/liter,
the use of sulphate resisting cements is essentlal in these elements,
For blgge> ratios of S D5 special "Super-sulphate"resisting cements
must be used,

23} Agzregatest In ordinary structural concretes the aggregates ocoupy
about 70 to 75 per cemt of the volume of the hardened masa, Thes re—
mainder consists of hardened cament paste, uncombined watar (1.2.,
water not invelved in the hydration of tha cement), and air voids.
The latter two evidently do not contribute to the strength of conc-=
rete. In general, the mora densely the ggregate can be packed, the
better are the 8trength, weather resistancae » and economy of the con-
crete. For this reason the gradation nf the particle sizes in the ag-
gregate, to produce close packing, is of considerable importance, It
is &lso important that the Aggregate have good strength, durability,
and weathar resistance, that its surface be free from impurities such
8s loam, silt, and organic matter which may weaken the bond with the
cement paste, and that no unfavorsble chemical reaction taks place
between it and the cemant,

According to the UNESCO-Reinforced concrete manual, the granulo-
metric class of an aggregate (sand, gravel, ¢rushed stone) is defined
by two dimensions ﬂn and dn’ Correaponding respectively to the small-
est and largest of the particles of which that agegregate consista, An
ageregate la,by definition, of the clasa dufdm 4r, for d, » Edh‘ the
following values are obtaineds:

(a) a residue of leas than 10% on the sieve with apertures d 3
(b) less than 10% passing the sieve with aperturaes d.s
(e) leas than 3% paseing the sieve with apertures Eﬂu.

Aggregates can be subdivided into the cabagories shown in_thu fol-

lowing table: (1-2) Table 1-2
Classification Sieve mesh Diameter of apertures ;}T
of aggregates apertures (in mm) | round-hole Bereen in mm
Fines (fillars) <0,.080
Sands: fine 0.080-0,.315
gadi?E ﬁ.315-1.250
coarse 1.25 -5
Gravels: fins 6.3=10
medium 10-16
coarag le=25
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fhe mesaioum gize of grawvel coargse—-agzregate iz, in Egypt, 50 mma,

The grading of the aggregate is defined by its grading curve =ag
termined by sieve analysis. This curve should be within a predeter—
mined zone which defines the permissible grading of the agcrezate.

In drawing the grading curve, the percantage of agsregate 1:;-1555.115
each of the sieves (or round-hole screen) is Plotted, as ordinate,
against the corresponding sieve mesh aperture (or dianetar of aperture
in the case of a round-hole screem), relative to the maxzimum diamatar

allowed 4, (i.0. dfﬂm} as absclssa,
' E
Prof. Dr, i.,_i.._. =l Arousy proposes the grading curva shown in

Fig. 1l-21.
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Fige 1l—2l Grading curve of agrregateg
The curves shown follow the relations:

Curve O P = Eﬂl.r‘&,fdm+ Eﬂﬂ.fdh_ﬂ:
100}/ /a0

. Curve P =15 dfd:aI-SDd.fdﬁﬂ

# Loeriius profesacr, faculty of engineering, ain-Bhazs university,
Cadxe.,

Curye 1 D
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Curve 3 p=2nﬂlfuﬂmz—1mdfdmx

Zopne 1 lies betwean curves O and 1, and grading curves in +this
zone give a 'very good grading?, .

Emaliﬂuhhemnmunﬂaﬂz.mmwnﬁum this
zone give a 'good grading?’,

Zone 5 lies between curves O and 3, and grading curves in thia
sons are 'ma;ml.hlu'!_

Ehammgmwhhm;itwmwmuama cases
& herizontal or a nearly horizomtal part ‘between two special diameters
which means that we have a gap grading and the aggregates are defi =
cient in these diszeters, Such a grading can be assumed very good ,
good or acceptable according to whether it falls in zone l, 2 or 3
respectively. Gap grading can however be compensated by intenaive con-
paction,

The greding curve may fall outside curve O or curve 3 at certain
dismeters but it should return again and fall within the required zona,
In such casea, lab tests are recomaended to determine the most conven—
ient grading. .

The following table gives the percentage of the different AggTe—
gates required for a concrete mix if maxinum aggregate-diameter is 20
and 30 mms,

Diam, of aggregates Percentage required for a cencrete mix
d mos Greding: V.G. |Grading: Good |Grading: iccpt

g 0 0 3 mm 20 = 30 % 20 =40 % 20 =50 %
% 3 to 10 mm 25 =37 % 25 = 48 3 25 = 62 ' %
.| 10 to 30 mm 55 =43 % 55 =32 % 55 - 18 %
g to 3 mm | 26-38 2 | 26-48 3 | 26-60 %
% to 10 mm M -4 g =5 M - 64 %
< | 10 to 20 m 40-30 % | 40-20 % 40 = 10 %

Thltﬂ'ﬁﬂlﬂfthlplmmlhmﬂxmtlﬂ 1005,

_Thummammmﬂmiﬂmtimmwmm
.mcmmiﬁinnnflnnssﬁptuufthnﬂhnnﬂof%,whiﬂhmhan a
mmnmnmmﬂu:g-ummniﬂnmamaﬂmm
in certain diameters, |

mmm_mMm%ﬂmmmw. an the
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eme hand, be less then the horizontal clear distance betwean two redln—
rommgmﬂ{urmmmammmrw} and, on the other,be
u--mmﬂmmasnﬁmmtnmmm.

It is always advantageous to use aggregates with a large maxizum
dimension, bhaving due regard to the dimensions of the membar to be
concreted, the shape of the formwork, the arrangement and shape of the
reinforcement, etc. For a given cement content the cancrete will be
denser snd stronger according as the aggregate dimension is larger .
But this must not be overdons, or else a conerete will be obtained
which is difficult to place and work and which will not ensure satis-
factory £illing of the formwark.

The aggregates used should either be natural sands and gravels,
or crushed materials produced from appropriate types of rock, In part—
jculmr, rock which is too soft or which decomposes in contact with the
mmhrha'dntimmtnmhmlmﬁynnthaﬂhnrm certain
hlaﬂtumu:lmm,ﬁmmﬂd,pnminﬂﬂrh&muﬁ.

. With regard to the geometrical shape of the particles, gravel ha-
ving flat particles (plates) or excesalvely selongated ones (needles)
should not be used. ;

In choosing the kind of aggregates, it should be tried, as far as
posaibls, to obtain materdal of sufficient hardneas (which determines
the hardness of the concrete) and also sufficient adhesiveness of the
cemexnt pasbte (which is likewise essentlal To +the develomment of st—
rength). In fact, failure of conerete is generally due either to frac—
ture of tha aggregates or to fallure of the adhesiom of the cement—

paste to the aggregate particles. -

%) M: The water used for mixing should be clean and mnot
comtain more than 5 g of matter in suspension per litre (mud, silt,-
etc.) nor more than 35 g of soluble matter and salts per litre, pro-
vided that these dissolved salts emtail no risk of harmming the dura-
bility of the concrete (acids, sulphates, corrosive-salts, organic
matbter, etc.) '

Tt is not permissible to use sea water, unless there are speclal
reasons to justify it. Any water of doubtful gquality should be ana-
lyaed ; e .

The use of gaa water for the miring of comcrete generally causes
lnisnﬂiumtlunrﬂsdftha:uhnammnrmma; be—
sides, it promotes corresion of the reinforcement and is liable to be
particularly dangerous in neavily reinforced or in prestreased cono-
rete, In any case it must be taken dnto consideration that the amount
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of ealeimn chloride introduced with ‘the sea water is egquiwvalent to @
2% (by weight) of the cement.

4) Additives: Additives are special substances which are added in
s1z2ll quantities to mortars and concrete at the bveginning of —ixing
and whose purposs is to modify aame of thelr properties. They are avail-
able in the form of powders or ligquids which are added at the start of
aixing, in order to ensure the uniforo distribution of these substances.

In the main, the following kinds of additives are to be disting-
uished:

1- Plasticisers and wetting agents: By using these additives it
iz possible to reduce the gquantity of water and yet cbtain the same
plasticity of the 2ix or, albermatively, to increase the plasticity
{and thus achieve better workability of the concrete) without increas—
ing the water comtent. As & direct result of these two facts, 1t is
possible, by the use of such additives to produce dense concrete of
higher strength and water-tightness. Furthermore, they reduce harshness
during placing and unreasonable shrinkagpe durins the setting process.

2= sir-cotrainine agents: By using these additives it is possi-
ble to reduee the ajount of water reguired for a miz of specified con=
sistency. Iue to such agents, a very large mmber of =mall air bubbles
are whipped into concrete during the mixing operation, and i1 they are
stabilized so that they cannot collapse or escape, their use gives a
good workable conerete with a reduced amount of mixing water. Put as
organic chenicals they reduce the concrete strength.

It has to be edphasized here that air is the effective additive ,
that it can be got into the concrete only by mechaniesl oixing, and
that it can be kept there in an effective amount only by the great sur-
face tension created by the foam-stabilizing organic agent.

3- Checical additives: Such additives are added to comerste for
the purpose of modifying the normal plastic behavior of the zixture ,
or for influencing its rate of geining hardness and strength., 4 disad-
ventage of nost chemical additives is that suall changes in their an-
cunt cause great changes in thelr action. Furthermore, sooe may retard
one cenent and accelerate ancther. In this conmection it should be re—
neabered that cements, even though they may be of successive produc-
tion lots from the same mill, are not always siniler in constitution.
lloreover, since chemiecal agents modify the normal reaction of cne or
aore of the cenent constituents, and since they are effective in ex-
treaely soall asounts, their action is critically influenced b7 chang-
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es in proportioning of oixture. Of this group of chemical additives,
=e recognizel

Settirz rebarders: These 2ay De necessary in cases There sevving
of the concrese has to be retaried (9.g5., At constructiom joints where
coneretinz is temporarily stopped, exposing the azggregate by scrubting
the concreite surface, conersting in very warn weataer).

Caleiwn sulphate in s=5all anounts is a coosonly used retarder ond
wat, with inmcreased asounts, its behavior changes and it becomes o
porerful accelerator. Orsanic daterial such as gelatin, slue, sSus=r,
and other carvehydrates, even if they are used in extrenely small aa-
ounts, strongly affect the reaction of cenent and water.

Setiting sccelerstors: Additives of this type nay have to be used
in cases where the forowork oust be renoved scon or waere concreting

iz done in cold weather.

A comoonly used accelerator is calciun chloride,but es it entalls
e gerious risk of corrosion of the reinforce-ent, its use is stoictly
linited. If it is used during warn weather, the set nay be gocalercted
to guch an extent as to iopair finishing, and heat of hydration a7 be
inereased 4o a degree that causes cracking. It oay increase the dry
shrinizage of hardened conerete. Hevertheless, 1t definitely inproves
“*he early streasth of concrete.

However, soue chenical additives nmay either entail a danger of
corroding the reinforcenent or other metal cbjects enbedded in the
conerete; .or adversely affect other properties (hardening accelerz=tors
cause increased shrinkage, antifreege agents cause reduction in conc-
rote strength etec.). These dangers should be duly taken into consider-
ation when choosing an asditive.

Because of the serious risk of corrosion of the reinforcesent ,
additives containing chlorides are not allowed to be used in:
(a) prestressed concrete structures; (b) tanks and containers;
(c) floors in which heating coils are incorporated; and
(d) concrete meubers treated by steanm curing.

idditives containing chlorides should be protected froo noisture
during storage., These substances should never be incorporated direct-
1y into znortars or concretes., However, the necessary steps zusy be
taken so +that such additives are cooplebtely dissolwved and that their
concentration in the concrete is as uniforo as possible. It is also
recomended not So use then in conjunction with another aiditive , as
Lhds mey pive rise to chenieal reactions liable to cancel the desized
gflect.



1.3~ FROPORTIONING OF CONCRETS I

mmumﬂwmmmqmtninurm
variome sonstituents making up ome cubic meter of finished concrets,

The amount of cement / w° concrete is preferably measuped by wei-
ght while the Bggregates are generally meagsured by volume,

ﬁammnmdnumﬂlhnmmnhﬂrmzﬁnmﬁnkg
of cement per oubic meter of Tinished comcrete. Departure from this
requirement will eall for 8pecial justification. Fop ordinary rein-
forced canerete structures the concrete should contain 300 kg of oce-
ment per cubic meter. For reinfarced concrete stroctures which are
required to have special properties of water-tightness, strength and
dengity, and, for prestressed concrete structures, the concrate ah-
ould contain 350-450 kg of cemant Per cubic meter.

The cemant content most commonly adopted for reinforced concrate
structures exposed to the weather is 350 kg/n’, However, this can
Permissibly be varied on the bagis of the following considerations:

(a) the strength of & concrets wlill be higher according as the
cement content is higher;

(b) increasing the cement content will inerease the risk of sh-
rinkage and cracking of the concrete and will cause mors heat
of hydration to be evolved doring setting.

(e) for equal strength of the concrete, the cement content can
be reduced if the dimension d of the aggregates is increas-
ed; this= reduction may be applied Proportionally tu%

48 an empirical rule, the cement content of reinforced soncrete
sbould not be less than 550 /‘];’/—d in th.i’ns’ finished concrete, 1.s.:

350 kg/m® for d = 10 mn
300 kg/m® for d = 25 mm
250 kg/m” for d = 50 mm

The quantity of aggregates {-nm + gravel) required to give one
cublc meter of finished concrete s 1.2 m° because the sand £ills
the volds between the gravel particles.

The choice of the proportions of the aggregates can be determin-
adh:rthurnuhugﬂfs-uurﬂuimtmthnd. The method is purely
eapirical and is based on a large nomber of tests parformed on a wide
ﬂﬂmﬂnmmumnmhhntmmmmﬁﬂl of
the same specific gravity. Howevar, the relative proporticns of sand
and gravel should be such that tha concrete has satisfactory density
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and homogeneity without any risk of segregation.

In the most frequent case of & concrete mix comprising coarse ag-
gregate (gravel, volume G) and fine aggregate (sand, volume S) the
proportions are determined by the ratio G/5, once the cement content
has been decided on the basis of the information given in the preced-
ing section.

In general, the value normally adopted for G/S5 is 2.0. It may,how-
ever, be varied between 1.5 and 2.5, having regard to the following
considerationas

{a)

(b)

{e)

(a)

(e

The higher G/5 is, the highar will be the mechanical strength
of the concrete; against this, however, the concrete is more
liable to segregate and present difficulties in placing be-
cause of deficient workability.

For a very plastic concrete mix, with high content of mortar
and good workability, giving surfaces that Presant & good ap-
pearance on removal of the formwork, but not prodocing & con-
crete of exceptional strength, the following values may be ad-
opted:

1.5 £ G/5 £ 1.7

For normal concrete, as used in ordinary reinforced concrete
construction, with plasticity that may be wvaried according to
the nature of the structure by varying the amount of water in
the mix, of fair workabllity and giving good strengtha, the
following wvalues may be adopted:

1.8 € G/S £ 2.0

For high-density concrete, of etiff consistency when freshly:
mixed, producing high strengths but lisble to segregate and
requiring certain precautions at the time of concreting (com—
paction by powerful vibration, in partisular), the following
values may be adopted:

2.0 £ G/S £ 2.2 (and exceptionally, 2.4)

In the case of rounded aggregates the above values of G/S are
valid, but if crushed stone aggregates ers employed, slightly
lower values should be adopted to G/S: for example, the above
values should be reduced by: 0.l in the case of rounded sand
and crushed coarse aggregate; 0.2 in the case of crushed fine
aggregate and crushed coarse aggregate.

Water content and consilstency of the mix: The mix should contain
anough water to give the plasticity campatible with good workability,
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but not too much water, pas the strength of the concrete becomes lowar
with increasing water content of the mix, On no account must water be
added to a concrete mix that is considered to be too dry after leav-
ing the mixar,

The desirad consistency can be defined on the basis of a standard
slump test.

The water content can be defined only in terms of the desired con-
elstency of the mix,

For mixes containing a guantity of cement C = 300 to 400 1:5:..":113 .
a total water content (assuming dry aggregates) may be adopted so as
to obtain a water/cement ratio (W/C) within the following limits:

0.8 W/0 { 0.6, with an average valus W/C = 0.5

4 value of W/C { 0.5 is adopted i1f it is desired to have a stiff
or very stiff mix, or if the sand is somewhat deficient in fine par—
ticles, or if the gravel comsists for the most part of large particl-
es and is very porous, or for values of G/S> 2, or if an additive is
used (plasticizer or wetting agent). In other cases a value of W/C
0.5 is recommended.

The values of the slump (required to define the consistency of the
concrete) given in the following table can be taken as applicable %o
concretes ordinarily employed: (Table 1-3)

Consistency of the concrete mirx stiff plastie very ﬂ;s-
alump 0-2 em 37 ecm B-15 cm

4 consistency corresponding to a slump of 5-7 cm is ganerally very
suitable for normally vibrated conerates,

14~ MIXING, CONVEYING, PLACING, COMPACTING AND CURING OF CONCRETE

The principal purpose of mixing is to produce an intimate mirture
of cement, water, fine and coarse aggregate, and possible additives
of uniform consistency throughout each mix, Miring should preferably
be done in a vertical-axis miver of the revolving=drum typs.For a med-
lum-size mixer running at 15-20 rev/min the minimum mairing time can
be taken as 2 minntes, Mixing can be continued for a considerable time
without adverse effect, This fact is particularly important in connec-
tion with ready-mirxed concrete.

The constituent materials of the concrete should be put into the

mixer in the following order: gravel, cement, sand. Water must not be
added until these three materials have firat been mixed in the dry
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gcondlition for a time.

In certain casea it is to be recommended that firat a portion of
the coarse aggregates and water be put into the mlixer and to run the
latter briefly so as to wet the walls of the mixing drum or pan and
thus prevent posaible sticking of the mortar to them.

The concrete should be handled, transported and conveyed in such
8 way as not to entail any risk of segregation nor of setting before
it has been placed in the formwork.

On large projecta, it is recacmended to use ready-mixed ccncrete
which is batched in a stationary plant and then transported <+to the
site in trucks in one of three waya: (1) mixed completely at the sta-
tionary plant and transported in a truck agitator, (2) batched at the
plant but mixed in a truck mixer, or (3) partially amixed at the plant
with mixinz completed in a truck mixer, Concrete should be discharsed
fram the mixer or agitator within at most one hour after the water i=
added to the batch.

The concrete mix must be conveyed from the mirer to the forms im-
adiately in such a way that no segregation, ezcessive loas of lngred-
ienta or intrusion of foreipgn matter are llable to ocour.

If the conveying time exceeds 30 minvtes, 1t is advisable, aspec—
ially in warm weather, to cheek by means of laboratory tests whether
this is indeed a permissible length of time.

Placing is the process of tranaferring the fresh concrete from
the conveying device co its final place in the forms, Before placing,
loose ruat must be removed from reinforcement, forms must be cleaned,
and hardened surfaces of previous conecrete 1lifts must be cleaned.
Placing and compacting have & big and critical effect on the final
gquality of the concrate.

Conecrete should always be placed and compacted by vibration un-
lesa special Justification to waive this requirement is provided.

Tibrators used in compacting concrete in the forms are high-fre—
gquency power—driven tools. The following types of vibrators can be
distinguished:

{(a) Internal vibrators(also known as immersion vibrators) of vary-
ing thickness are inserted into the concrete. 4 vibrator of
this kind consiste of a tube containing a ppneumatically pow-
asred high speed turbine driving a slightly eccentrically
mourted wibrating unit. They should be able to penetrats in-
to every part of the formwork, s¢ that, they can reach
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and compact the whole of the concrete. The vibrators should be
held wertically, moved axdally and withdrawn very slowly, in
guch 2 way that the cavity left in the concrste can suldably
£i1l up.

{b) External vibrators: the vibrators are attached to the formwork,
which should therefore be of strong conatruction. This method
is seldom used on conatruction sites.

(e) Surface vibrators: Tha compaction by the use of this type af
vibrators is effected by means of vibrating surface compactors,
generally on relatively large areas of concrete: precast panels,
glaba,; pavinga, atc.

The thickness of layara of concrete compasted by surface vib—
ration should not excesd 20 cm.

Vibration givea the concrete ite maximum denelty by eliminating
glr wvoids and ensuring perfect £illing of the formwork. It conslder-
ably reduces the intermal friction of the particles of the constitu-
anta of the concrete and tends to give them liguid propertiea.

Vibration should not be ovardone, espaclally with comecrete of wery
plastic comelstvency, becansa the liquefactiom of the concrete causes
the larger aggregate particles to alink to the bottom, th the result
that at the surface the mix will cootain an exceas of fine constitu-
ents and water. It i3 preferable to apply vibration for short periods,
but at & large mumber of points located sufficiently clome Together.
The internal vibratoers should be wlthdrawn slowly from the conerets,
before vibration ias etopped, =sc as to avold leaving holes in the con-
crete, as thess would subsequently fill up with mertar, laitance or

water.

Hot weather concreting

The production of concrete in hot weather poses the basic probilem
of keeping eveporation of the mixing water at the lowsst possible rate.
Slowing down the loss.of water ls sccomplished by keeping the conerste
as cool as possible and by helping the molsture to remain in the con-
grete for as long a peried as is possible during the chemical hydra-
tion process combining water and cement.

Howewver, special precautions shonld be taken in handling, trans-
porting and placing the concrete and during itas setting and hardening;
in partisular, curing is to be considered indispenasbls,

The specizl precautions which may have to be taken, depending on
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be temperaturs and humidity of the ambient air, are the following:

(a) stop conereting during the hottest hours of the day; if nece-
ssary, concreting may bhave to be done at night;

() use cold water or, possibly, water which has been cooled by
bhaving ice added to it in advance (ice must never be put dir—
ectly into the mixer);

(e) protect the aggregates from the sun and spray them with water;

{d) never use hot cemaenta;

{e) do not make too dry mixes;

(£) cover the skips in which the conerets is trasported;

(g) wet the external surfaces of the formwork, by spraying them
with water, before and after concreting;

(h) place the concrete in the formwork as guickly as poasible af-
ter mixing:

(1) use a setting retarder (in excepticnal circumstancas).

Coring of concrete
The object of curing is to keep the concrete sufficiently moist

for satisfactory hardening to take place; it 1s indispensable in dry
and warm weather,

Curing should start as soon as initial setting of the concrete oc-—
curs, for a delay of several hours may slgnificantly impair its effect-
iveness: 1t should be coatinued for a wealk in normal cases and for two
woeks 1f the weathar ia very dry and very warm.

Coring can be dome either by wetting the concrete or by means of
an impermeable temporary coating applisd o it.

Wet curing consists in spraying the expoasd concrets surfaces and
the timber foruwork with water two or three timss daily, depanding on
the temperature and the atmospheric humidity. Expoaed surfaces (i.e.,
not covered by the formwork) are nost valnerable, and it is advissble
to zover them with straw mats or sacking whieh should he kept perman—
ently molst by spraying at appropriate intervals, Altemmatively, hori-
zontal surfaces may ba covered with a layer of sand.

If impermeable formwork is used, such as steel formwork, thers ia
no need to wat the concreta surfaces in contact with such formwork so
long =8 the latter has not bean removed.

Whan cancrate is cured by means of an impsrmeable temporary coat-—
iag (membrans curing), & Epecial compound i1a sprayed on the conerets
surfaces to be protected. The coumpound forms a coating on the con-
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crete and, being impermeabls, prevents the evaporation of water from
the concrete. These curing compounds are generally resin emulsions
which break up as soon as they come into contact with the freshly pl-
aced concrete. The thin film of resin which is thus formed is the pro-
tective membrane. The compound should be 8lightly coloured so as to
enable the continuity and evenness of application to be judged.

1.5- MECHANICAL PROPERTIES OF CONCRETE

The determination of the Quality of a structural miterial should,
in theory, emcounter the study of all properties (chemical, mechanic-
al, «se2tc.) at all levels of measuraments (microscopic and macrosco-—
pic).. Due to practical limitations, however, the mechanical proper=
tiea at the macroscoplc level (so large as to be wisible to the nak-
ed eye) are conventionally chosen as the sole measure of the quality
as far as the structural behavior is concerned., Determination of the
mechanical properties involves the selection of test specimens of st-
andard shapes and dimensions as well as the procedure . fop preparing
and testing such specimens. It is also conventional to select "the
most significant" parameter(s) (ultimate compressive strength of con-
crete, yield point of steel; seaa) ln% designate the material accord-
ingly. In this manner, material designation normally serves as a name
or a trade mark that reflects a nominal walue of & certain property
of the structural materisml, It is therefore of utmost importance for
the designer to identify the designation of a structural material and

realize the underlying assumptions before he can utilize such mater-
jial efficliently.

dside from statistical strength variations, measures of concrete
quality vary with cement content, aggregate-to-cement ratio, age, re—
lative bumidity, size of test specimen, type and rate of loading, as
well as many other factors. Although measures of concrets gquality are
numerous, the data presented hersafter are limited to measures of tha
mechanical properties pertinent to design.

Traditionally, the meost significant measure of concrete quality
is the maximum compressive stress that can be resistad by standard

specimens (e.g., cubes, prisms, or cylinders) concentrically loaded
et a specified loading rate when the comcrete reaches a certain age
(normally 28 days).

1) Compression Stress-Strain Relationship

Force-displacement response of a structural element constitutes
a major branch of the serviceability requirements. This response 1is
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derived normally from the stress-strain relationship for the material
of which the structural element is made. Enowledge of the stress-strsin
relationship is also essential in order to evaluate the ultimats 5t =
rengbh. i typical set of compression stress—strain curves is shown in
Fig. l=21. These curves represent wvarious qualities of concrete at the
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Fig. l-21 Typical stress-strain curves at an age of 28 days
from compression testa on conerete prisms

age of 28 days obtained from compression tests performed by concentric—
ally loading concrete prisms at nommal testing speeds (order of few
ainutes). All curves share somewhat sinilar charseteriatics; each curve
consists of an initial relatively linear peortion. After reachine about
half the maximum walue of stress, each curve deviates horizontally un-
til reaching that mawionum value at.a strain of 0.002 (or 2 mm/m);there—
after, a descending bramch takes place, One may notice that higher cra-
de concretes are generally more brittle, i.e., fracture at 2 smaller
value of mayimum strains,

The maximum wvalue of stress of any curve, Fig, 1-21, is a univer-
sally accepted msasure of concrete strength under compression and is
called prism strength of concrete. Cube and oylinder strengths are de-
fined sinilarly, that 1s, by adapting a standard specimen in the fomm
of a cube or a cylinder. Prism and cylinder strengths as defined above
7ield almost the sane wvalue, which is about 80 percent of cube streng-
wh Yor concretes of normal quality; this variation reflects the pheno—
nenon of size eflect.

Coopressive strength varies with age: for normal concretes at no-
derate tezperatures, the ratio of the compressive strength at 28 days
to that at a glven concrete age may be estimated from the waluesgiven
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Type of
Portland Cement

Table 1-—4

i i __‘_"-'1
Ratio of Conecrete compressive strength at the
Age of 28 Days to that at the Age (Days) of

3 7 28 90 360
Nommal 2,50 1.50 | 1,00 0.85 0,75
Rapid Hardening 1.80 1,30 | 1,00 0.90 0.85

Experinental investigations showed that the concrete compressive
strengbh is influenced by the rate of loading: strength decreases with
the increase of load durstion, For design purposes, one may assume the
value of concrete compressive strength for sustained loading (i.,e.,for

loads with long duration) to be squal +to 85 percent of that for short
duration loading.

The concrete strength :l!'__r chosen as a basis for the design oust be
the minimum guaranteed valus which is obtained from the analysia of a

sufficient mmber of test specimens. Such an analysis can however be
done in many ways: ' '

1) By statistical E-ﬂﬂlj"ﬂiﬂ_ of the test results which is defined by
the relation

fo=2, (1=Xk3)

e denotes the arithmetic mean of test results, & denoctes +the
relative standard deviation, and k denctes a coefficient depending on
the mumber of test results defining :Ec_ and on the probability of +the
Test results being below the value of £, »

dssuming that the test results are f

is the mumber of test resulta, then
rc.l + £

f FE oem——

al? :E'GE, rﬂ_E sEEw Im whare n

+ L : %esne T b 4
Ititiuallnw&dthaﬁﬁ—lﬂﬁunl;rnfthqtaﬂrﬂmﬂms
low the required guaranteed wvalue of £
entails k = 1154 - l.2B. .

BTE  Dfe
oé this probability of 5 - 10 %

s _ 1 |/Zs )
gy
in which
ch- " fﬁl, 2, 3 ew .. i rﬂ
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The minioum value of & to be ineluded in the desipgn is 10%, thus

| £. € £, (1 = 0.1 k)
i Then
for k = l.64, fu = 0,836 fcm & for k = l.28, fﬁ = 0,872 fﬂm
In concrete structures, if no sufficient tests (n { 20) are carri-
ed out, one may assume & = 0.2. In which case:
.4 Ty (1 - 0.2 k)

and

for k = l.64, fc = 0,672 fm & for k = l.28, rc = 0,708 fc:]:l

Illustrative example

assume that the results of 20 concrete compression teats in Egﬁnm?
arranged in decreasing order are:
235 234 231 228 225 223 215 212 208 205) £ =

it
200 200 198 195 191 189 185 180 178 168 ! 205 kgsfcu>

)
$..2 l/(eaﬁuzmg}z + (238-205)° + .u.. + (1782052 + (188-205)°
205 20

which means that & = 0.095 ¢ 0.1

dssuming k = 1.6%, then 2£_ = 0.836 f__ = 0.836 x 205 = 171.35 ke/on
2) This second methed is an approximation which yields very much the

same value (for k = l.54) but which avoids having to calculate the st—

andard deviation. It congists in talting for the minimum guaranteed zt-

rength twice the mean value of half the results below the median, minus
the mean walue of all the results.

For the previocus example, we have Loy = 205 kgfcm;. Therefore
£.=(200 + 200 + 198 + 195 + 191 + 189 + 185 + 1B0 + 178 + 158} 2 / 10
- 205 = 376.8 - 205 = 171.8 kg/ca®
whiech is approximately the same result.

3) The following method given in the German Code, DIN 1045, article
P?=4=5—2 may alsc be used.

Strength requirements are assumed satisfied when the AVeTage COonD—
ressive strength of every series of three cubes, from three diffepent
batches, is bigger than +the minimum values glven in column 3 of the
followling table and, the compressive strength of evary cube iz oin-
imun equal to the values givern in colmmn 2.

For any concrete guality of the sems conposition, the strength of
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not more than one cube out of nine cubesg

in three geries is <o be smal-
ler by more than 20% of the values of

column 2, However, the average

E£er than the walues given in ecol-
umn I,
Tab 1=
1 2 2 .
min} atr B¥. strength 1138
of every of 3 guce,
wOng,: grade cube cubes
kg/em® kg/en”
C50 50 80 Pl. cone. only
C1O0 100 150
C150 150 200
20 250 300 for pl. and rra
C350 350 800 S
C450 450 500 )
G550 550 800
2)

Hodulus of Elaatiaigz

The instantaneous moduius of elasticity of conecrets
ion, dencted by Ec, 18 defined as +the
portion of the atress-strain CUrves sucn as these shown in Pig. 1-21,
Tae word instantaneous identifies the moduluas to refer to ahort dura-

tiou loading {(one or two minutes), Tnis instantaneous moduius of elas-
ticity Ecj‘ @ay be eatimateq from the following empirical roromls for
concretes at the age J daya:

B,y = 21,000 |/ foy ka/en’

is the cancrets pri=sm ntreﬁgth et § days in.kgfﬁma.

In order to account for the combined effects of shrinkage and ap-
eep (long duration of 24 hours}, the designer DAYy assume a reduced mod-
ulus, E. » that equalas one third the walue of the instantaneons modul-
us, 0Or

in compress-
slope of the initially straipht

whera fgj

Eﬂ TEEJJFE
In case of ordinary buildings whare the live load (instantansous

load} iz about ome thipa of dead loads, the modulus of elasticity Enj
may be assumed according to the relation

|f 2

andards adapt the cuba compressive strength aa the
Tete quality and Elve a degipnation accordingly. 4 da-

Bgyptian gt
Zeasure for conc
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signation C200, for example, refers to eonerete having & 28-day eamp-
ressive atrength of 200 1:'.5_.r"r.r.:|:;|.E nhtained. from a testing cube with a
gide dimension of 15.8 em (area 250 cm } when loads are applied at
normal testing speeds,

3) Tensile Strenzth

The ultimate resistance of concrete subjected to tensile stresses
(or the tensile strength of concrete) is so important that it called
for adaptation of an accepted measure(s) of strength. The importance
stems from the fact that tensile stresses govern significant behavior-
al phenomena such as: (a) initiation and propagation of tesile cracke-
ingz, (b) shear and torsion distress, and (¢) interface {or bond) fail-
ure.

Because of experdimental difficulties and the statistiecal nature
of strength variation, different tests were proposed in the hope to
arrive at a stable measure of tensile atrensth of conerete, Different
©es8%vs produce, on the average, different values of mean tenaile s+rep—
gth. 4ll such tests, however, have concluded that strangth of conc-
rete in tension is wvery limited (about 10 to 15 percent) compared with
that in compression. This faect is the sole reascn for provision of
steel to reinforce concrete in order to produce the efficient strucs—
ural maverial known as Heinforced Concrete (R.C.).

The vardous tests differ mainly in the choice of the type of ex-
Yernal loading that induces internal temaile stresses which are bigh
coough to be the primary cause of failure. The most common tests are
ag follows: (1) direct tension test (axial tensile force), (2) 'split-
cylinder or split-cube test (compressive force), and (3) modulus of
rupture test (flexural forece), The last Two types of tesis are mors
common than the first one mainly bocause of the suitability of +the
loading arrangements to the testing machinas,

Split—cylinder tests are performed, generally at an age of 28 =
days, by application of two equal compressive forces along diametric-
ally oppomite generating lines of & cylindrical specimen, The eylinder
neasures 15 cn in diameter and 30 em in length, Fig. 1-22(a).

The tensile sirength, denoted by fi+ 18 assuned equal to 0.85 the
streza IEP, at failure of the specimen of the split test and is given

by the formula:
£, = 0.85 Tgp = 054 P 7 A1

woere d and  refer te the dismetar and length of the cylindrical spe-
cimen, and P s the lusd at shich the consrsta evlindar fails by onlit-
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Mg, <=« T¥pes of specimens for tersile strengty of concrets,
(a) Split-cylinder test. (b) Split-cube test,
(e) Lodnlus of rupture test.

ting. Upon substituting for the values of & and 1 s this formla red-

waers F 18 measured in tons and f, in kg/cn’
In case of split—cube tests, Mg. 1-22 (2); the temsile strengsth
+3 expressed sa follows:
£, = 0.54 P / a°
where a stands for the side lesngth of the cube. When the value of the
2ide length is standarized as 15.8 cmy this expression takes the Torm:
ft = Etlﬁ i
wiers P is measured in tons and f, in kg..r'r:.na.

The modulus of rupture tests are conducted, gemerally at an ago
of 28 days, by the application of two concentrated loads &t the middle
third pointe of the apan of a Prismatic apecimen. This specimen has a
10 =z 10 em aguare eroas—egection, and overall length of 50 cams, and a
span of 45 cm, Fig., 1-22 (c). The value of the tensile strength is,
convenvionally taken as the three-fifthe of the modulus o rupture ,
or syabolically: r,‘: = 0.6 {3 ard after substituting for the walue of
b and ¢, one geta
where P is oeasnured in tons and £, in ll:g..."mg.
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Uypariments sLowed that the ténsile strength of concrete increases
F
plith age: the ratie of the tensile strength of concrete at an age of 28
fays to that at a given age Tfollows the trend given by the table: 15

Ratio of Copnecrete Tensile Strength at the Age

Type of .
of 28 Daya to that at the Age (Days) of:

Portland Cament

5 7 28 =18 360
Normal 2.00 1.480 1.00 0.95 0.90
Rapid Hardening 1.50 1.20 1.00 2.95 0.90

Por desipn purposes,; many investigators hawve tried to express the
tensile strensth of concrete as & function of its comoreasive atrangth.
For moderate-strensth concretes (Cl60 to C400), the followlng empiric—
al fornula was recommended for the astimation of the tensile atrength
'_Ft in terms of the 28~day prism compressive stirength fl.:p:

ft = l.uif fﬁP
For various concrete designations, the following table gives the
corresponding valunes of the cube and the prism strengths as well as

the modulus of elasticity in normal cases assuning an age of 28 days:
i=7 echaniasnal Propartiss for Diffearent Concrete Deslgnations

Co Lo Cube Priam Tensile Maod. of
Designation | - Streugsh | Strength | Strength . | Elastielty
fasn kg/cn fup g/ om : 4 kz/om E.og +on/ea™
C 160 160 135 16 175 i |
gl 180 150 ' 17 185
o 200 300 165 1n 195
C 225 225 185 19 205
c 250 250 200 20 210
¢ 275 275 220 21 220
C 300 300 240 22 230
c 350 350 280 23 250
C 400 400 310 2q.,5 265
C 450 550 85 26 280
c 50U 500 380 27 290
¢ 550 550 515 28.5 305
C &w0 600 450 30 720
4 r
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4) Sheaxr and T ion 5

Because of shear and torsion stresses, with or without normal st-—
resses, principal tensile and compressive stresses normally develop.
In such cases, the most reascnable fallure hypothesla is: concrete is
1iable to fail when the principal tensile stress exceeds the tensile
strength.

5) Poisson's Ratio

In cases where the transverse strains are of importance, a Pols-
sons ratio of 0.15 may be asmumed.

5) Coefficient of Thermal Expansion

mha coefficient of thermal expansion depends on many variables
such as the nature of cement and aggregate, the cement conbtent, and
the relative mmidity. In the absence of an experimentally determined
value, the coefficient of thermal expansion may be taken as 10=2,

7} Creep

The property of a material to deform with time when subject to a
constant stress is known as creep. Creep deformation increases with =
(1) time, (2) the magnitude of the sustained stress, and (3) the water
cament ratio. Creep deformations alsc increase when concrete is loaded
at an early age or if it 1s exposed to drying conditions.

Influence of creep deformations on the mechanical properties of
concrete varies considerably with the type of measure. Compared with
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FPig. 1=23 Creep deformations: Influence of age and
loading sequence
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wilues for instastanecus loading, tle compiresaive etrength docreasges
erly about 15 parcent; whereas, e podalus of elasticity drops to ab-
out one-third of its instantaneous wvalne.

4 typical plot showing the influence of time and loading sequence
on creep deformations is given in Fig., 1-23. Upon loading to a stress
25 high as one=half the wvalue of the cuﬁpreasive strength, an instan-
taneons elastic defnrmaticng-fl, oceurs. If the load is sustained for
a pariod of time, ecreep deformation, €9 takes place. Upon removal of
the full load, an instaotaneous eslastic deformation £, is recovered
followed by a time-dependent creep PEEU?ErT,qfﬁ; thereby, a consider-
able part of the deformation, €xv 18 normally left unrecovered, If
the specimen ig reloaded, similar response is indicated; the instan-—
taneous elastic defermation in each case is proportional +to the mag-—
nitude of the load.

8) Shrinkage

The phencmenon of reduction in size of concrete due to loss of
moisture is known as shrinkage, Shrinkage is a time-dependant reversi-
ble phencmenon in the sense that it is a function of time and that im-
mersing concrete in water, after shrinkage, results in an expansion to
nearly the originsl size. Shrinkage increases: (a) sigaificantly with
the amount of mixing water, (D) measurably with the humidity condi-
tions , (e¢) noticeably with the presence of aggregates of high absorp-
tive characveristics, and (d4) slightly with the cement content.

The value of strain associated with shrinkage wvaries from about
0.0002 (or 0.2 mu/m) to about 0.0007 (or 0.7 mm/m). The low strain va-
lues correspond to low amounts of mixring water and very humid anviron-
ment; whereas, high shrinkage strains occur in cases of large amounts
of mixing weter and very dry conditions.

Shrinkage in air and swelling in water of normal copncretes during
bardening is shown in Pig. l-2a,
+0.1 Pl

—_ Swelling in water dga

«0.1
o
-0,3
0.4

Shrinkage in air

e

B. 1-24 Shrinkage in air and swelling in water doring hardening
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1.5— SDEDPORCING STEIZL

In comparison with concrete, agbteal 1= a high strength material.
The usable strangth {or the strength at yield in compression or im Sen-—
sion) of ordinary reinforcing steel is in the order of ten times the
conpressive strength of common structural concrete.The relatively high
sost af steel discourages to use it liberally %o resist coopressive
stressea, Concrete, on the other hand, is much cheaper but its tensile
strength ia very limited. 4n economic structural material results when
~spnorete and steel are combined properly: the concrete provides resist-
ance to compressive forces while tensile stresses are agssirmed to the
reinforeing steel.

in effective combined action (or bonding) of the concrete and the
reinforeing steel is essential for the two materials te afford monoll=
=his behavier. In order to furnish such action (or bond}, reinfareing
steal commonly takes the form of bara. The use of high strength steels
aalled for introduction of projectionsz (or deformations) that are rol-
1ed on the bar surface; this makes the bars look deformed and are aal-
i1ed defarmed bars. Bars without such deformations are called ordinary
bars, smooth bars, or plain bars, The fact that deformed bars were OXl-
zinally introduced for high strength reinforcing steel should not over-
~nadon the intended purpose; that is, deformed hars are used to imrprove
“he bond between the reinforcing bara and the surrounding concrete.le-—
Parmed bars have become so popular that many countries restrict tne use
af plain pars to those having a diameter of no more than L0 om resard-
iess of the type of steel used.

Reinforcing steel bars may be clasgified according to two distmet
schemes, namely: (a) steel charaeteristies, ana (b) bar profile. The
fipot scheme, which deala only with the type of ateal rejgpardleass of bar
zuape, is as follows: (1) mormel mild steel (&), (2) bign grade =114
cel (%), and (3) cold-twisted stesl ( %), dccording to the secand
scnede, the bars ares (1) plain bars, or (2) deformed bara,

1
el

L, Stress-Strain Relationship

Tha mtress-atrain relationship is obtvained rrom results of Tension
—sa=g of the reiforcing steel bar. The specimen is siaply & piece of
the bar with a sufficient length. The tensile force 1s applied, at =
spegified rate, at the cpds of the speclmen that eloogaves ntll Todiie
ure oy separating into THo parts,

Sirain 4z defiped heveid= as the ratio of the straetchk (or slongi-
t2on’ betweern txo conveniently established guuge points to Ja8 geEL 2
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; which is the distance between the gauge pointa prior to load-
‘Whereas, the stress is determined by dividing any particular sp-
#d load by the specimen's original eroas—sectional area. The area
';bl:u:l.,n bars presents no special problem as it 1is that derived direct-
Prom the bar diameter. The area of a deformed bar, however, is a no-
area based on a nominal dismeter defined as the diameter of an
 4valent smooth bar having the same weight per unit length. That is,
deformations are included in the caltulations of stresses although
Lﬁ:’mnut really helping in carrying the load.

Typical stress-strain curves for bars classified according to st—

-i@el chracteristica are shown in Fig. 1-25. All curves possess an inlt—
1811y straight segment the slope of which is defined as the elastic

modulus , E, . For all types of reinforcing steel, the elastic modulus

is constant and equala 2100 ton/em”. Stress—strain curves for mild st-—
esls (both normal and high grade) differ from that for cold-twisted

steel bars in that the former exhibits a 'sharp break' from the strai-

ght—line condition representing the linearly elastic behavior. Immed-—

6000 BE | . i
= l:.:_:vlu:]. Twisted Steel Elghj Grade Etelml
= | Em — = s .S
b ¥ L B S
= |
g 8000 i
- | Hormal Mild Stedl
+ =5
- 3:::{]-;'_'] /’/’-—-—'—_
@ -
1]
£ 2000
NL ]
M 1000
o 20 S0 100 150 200 250 300

Steal Strain (mm/m)

Fige 1-25 Typical gtress—-straln curvea for reinforcing bars
of different steel characteristica

iatly before this so—called sharp break, the strain ceases to be pro-
portional to the mtress; the streas at this point is dafined as the
proportional limit. Past the proportional 1imit, the materdal remains
elastie but nonlinearly elastic. That is, unloading does mot produce
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permanent strainsi meanwhile, strains are not proportiomal to the gt-—
resges ., 45 the stress increases, the material reaches a limit for this
elastic behavior (or the elastic limit). A further inerease in the load
brings the material stress to a local maximum value defined as the up—
per-yield-polot then to a local minimum stress defined a3 the lower—
Field-point. Further loading resulte in an inerease in the strain with-
out any noticeable increase in the stress; the material exhibiting suen
characteristic is said to be a ductile material. The stress at this st-

dage 1s defined as the yield point of the material,

4 detailed study of the streas-atrain disgram shows that the pro-
portional liwmit, *the elastic limit, the upper and lower yield pointa
are all so near in value to the yield point that for design purposes
all are considered as one, namely the yield point, Pig. 1-26(a). The
value of the stresa at yield (or the yield point) i1s of utmost import-
ance in reinforced concrete design according to the ultimate limit

state

qf S =3
r'-
/1
- |
e b - L; I
2 portional limit| = I
o o
£ | ti# linit 9 ; strein offset
= | Hpé“ #El pojnt- 45 J b v g o
Ly = ar ?’iﬂl polot & E_| B
@2 Tigld poin 1531118
Aetualle P‘
Tddalied i
1 2 3 & &5 & o 2
Strain (mm/m) Strain (mm/m)
() Mi])d-gteel disgram {b) Cold-twisted steel diag.

Fig. l1l=-26 Stress=strain diagrema: ideotification of yield
point and yield strength
The atress-strain diagrem for cold-twisted stesl bars does not
Possess a sharp break or a well-defined yield point. Por design purpos-
@2, a nominal value is conventionally chosen to represent a fictitious
Field point; this is done by means of the so-—called offset method. Ac-
cording to this method, the material's proof stress (also known as the
yield strengih) is defined as the stress deternined by the intersection
of the stress-strain curve and a line paraliel to taes elastic portion



at a specified strain offset (or shift). This specified strain offset,
Fig. 1-26(b), is conventionally taken as O.2 percent {or 2 mm/m).

The tensile strength of a reinforcing bar is defined as the upper-
Bost stress that can ba resisted by the test specimen. The values of
tensile strength for different types of steel are given in the follow—

ing table together with the valuea of yield point, proof stress, and -
gtrain at failures
Table 1-8
Minimnm Hinjmum Minimam Hinimum
rpes of steel Field proof teq;ile strain at
point gtress strength | failure
g/ en e/ cm” g/ cn® =/
Jild steels:
Harmal 23%00 - 2500 200
High grade 3600 - 5200 180
Cold=twisted steel - 4000 5000 100

It is of interest to note that the value of the strain at the ini-

tiation of yielding of mild steel is about 1.0 to 1.3 mm/m,

which 18

about one-twentieth of that at the beginning of the strain-hardening

regicn.
2) Poisson's Ratio

The Poisson's ratio of steel is in the meighbourhood of 0.25.
%3 Coefficient of Thermal Expansion

The value of the coefficient »f expansion of steel is approximate—
1y l.2 x 1072 em per cm per:one degree centigrade, which is slightly
higher than that for concrete. Fortunately, the difference 1s not high
encugh, under normal tempsraturss. *7 cause CORCEIT.



CHAPTER 2
NALYSIS OF REINFORCED CONCRETE
A? DIFPFEREUT LOAD STAGES

E-l— DES IGH AND AHATYSIS

The chief Task of a siructural engineer 1s the design of struct—
ures. By design 1t is meant {he deternination of the general shape and
all specific dinensions of a particular structure so that it will ser—
fom the function for which it is constructed and will safely =with -
stand the actions which will act cn it during comstruction and shrousi
its useful lifetine. These actions are prinarily the loads and other
Torces which nay act, as well as indirect actions such as temperature
changes, sebtulenent of sSUpDOItS seess GLC.

In order to be able to make this design efficiently, one should
be capable of analysing its elenents under different stages of load=
inz. Conventionally, the analysis of a reinforced cancrete section »
for exazple, involves the following task: for a given cross section
of Mnown diznensions, material properties, and reinforcecents, it is
reguired either to find the stress distributicn due to I=own exterzal
forces and moments, or to determine the external poments and forces
corresponding to a certain stress or strain profile.

2.2= BaSTC aSSUETIONS AND COHDITICNS OF ESUILIBRIT!

The fundszental principles on which the analysis of reinforced
canc™ate i3 baged ave as follows:

1) The intermal forces such a= bending manents and shearing forces
and the cormespnnding nomal and shear stresses at any section of a
member are in egquilibrium with the effects of the exrternzl lo=ds at
that section.

2% It is zssuned that the bond between steel and concrete is suf-
ficient to keep thex acting together under the different load atagas
1.8+, D00 51°p can occur between the two materdals and the strain in
an ezbedded reinforcing bar is the Bame as that of the Burrounding




concrate,

3] In elements subject to bending or eccemtric forces, plane seg-
tions before loading rezain plane after loading i.e., the strains are
provortional to the distance from the neutral axis. This asguzption
is not sufficiently accurate at stagea close to failure but tha dey—
iations am™ usually sall and the resulta of theory based on this as-
suzption check well with test information.

4) Concrete in tension is cenerally cracked (except for suall loads)
and is neglected in the design. In saas Special cases, this assumption
is dispensed with and advantage is taken of thea =majl tension strength
that the concrete can develop.

5) The theory is based on the actual stress-gtrain relationship and
strength properties of the two crmatituent materials, talding t%e pla-
stic behavior at higher stress levels in consideration.

2.3= AXTAL COPRESSTION

It is aore economieal to Aesiszn an axdally compressed zember so
that conerete carries most of the load. However,it is Decassary to
introduce reinforcements in such members in order to:

1) resist the eventual bending moments that are liable +o be acting
because very few mecbers are truly axially loaded,

2) increase the safety. Plain cancrete and tied members fail sudden—
ly; whereas provision of spiral reinforcenent causes oracks to deve—
lop long before failure,

3) reduce the ditensions of the member because a part of the load
will be carried by the steel with its auch greater strength,

The two chief forms of re-
inforced concrete meabers desi-
yned to carry axial loads are :
tne tied columns.and the spira- {a)
11y reinforced omes, PFig, 2-1.
In tied columns, Fig. 2=la, the
longitudinal bars serve asg main
reinforcement; they are held in
place by transverse tiea which
prevent displacement of main
bars during construction opera-
tions and prevent the buckling Spirzlly rein-
of the longitudinal bars under . forced colicn
loading. In spirally reinforced Pig. 2=1 Chief forms of columns

{b)
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coluns, Flg. £-1b, toe longitudinal bars are surrounded by a slosaly
spaced spizal wilch serves the sane purpose as the more widelsy spaced
ties and prevents the laveral strain of tne comerete within it, Shere-
by ineressing iUs resistance to axial compression.
1) Zlastic Apalysis of Columng

dnder woriing stresses, fu‘c{ rcp/a::. and meglecting the effect
af shrinicage and creep, the concrete benaves mearly elastically, i.e.
siresses and gbralns are quite closely proportiomal so that an axisl
pormal force N acting on a section of the form shown in Fig. 2-1a is
resisted oy both concrete and steel, hence:

B=i O0,+a 0, (=1}
in which
‘é‘r.'. = area of concrete section of ealeuwent
4. = croas sectiopal area of langitudinal reinforcezent
g, = uniforg comprezsive atresses in concreta dus to I

[+

g. = coapressive stress in longitudinal steel due to H
Both naterials being subject to the same strain €, then
&g = €

In the elastic rangsm, we hawvs

Eu = chﬂc = EE = ﬂ"ﬂfﬂﬂ
accordingly, wa get

Gy = (Bg/E,) O, = a O (-2}
where o = E_/I_ is known as the modular ratic and is assumed = 15.

genca, we have

H = A, ﬂ'c + 4 n O, or

F = n-ﬂ “‘r.-. + 0 aEJ l.08.

O =X/ (A, + m a) (2.3}
Arsuming LEL&ﬂ uJJ.I. one can write

H:ﬁ'ﬂi‘:(l+n_}lj and

O =0 /a, (1« njl-l} i.e.

2 Zffectiveness of Spirals

If an elastic element of length unity, Fig. 2-2, is subjected to
& longitudinal cozpreseive stress E‘l end a corresponding strain €1 0
“rangvarse tensile atresses 0. - 4nd straine €, will be developed and
£, = 'El / m




andipmecss

in which iii ||
l/a = Poisson'a ratioc = L5 '
Tor reinforced canc.

ar B'EIJ],I“ Al
ay |

i

If the tensile streases are [2 i § f
i |

|

|

|

resisted by spirels having
an area of cross section =
A__» the tension in +the

S0 TEP can be evaluat-
ed froa the relationg

-

‘I*EP=£.EPCF;=EEG'E=I '
where ‘l...l
dk = dismeter of concrete
cors inside spirals,
. pich of mpirals, and a{dRKE{Bum

L=

O, = allowable tensile
=

stresa in spirals. Fig. 2-2 Reaistance of spirals

Substituting 0, by Eifm, we get

0y
A O 2 s = g

& 2 m

ﬂ;'

Ep
and 2m A
0. = =12,
1 uk &
or
Tfﬂk 2n A Gﬁi

El=m‘~ﬁng—._
aSsuning
ﬂ; = T d, lsp / B = croas-sectional rea of an imaginary longitudi-

reinforcement having the game volune as the spirals, and
e S T ﬁk?f % = area of core of section, we pet

ufter the failure of the concrete cover, =o Shat ooly the srea of the
core &, nay ba effective whan calewlating the colusn 1cad, Hep-a
N G = Al g 5)
sp Tl +a, G+ 5 4: 9 (2-3
in which
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axdial load carried by a spirally reinforced section,
= area of core of section = T f’*i £ by,

]

= wolilng caapressive stress in concrese section,

cross sectional area of longitudinal reinforcezent,

I

wor<ing cotpressive stress in long. reinforcenent = o G‘ﬂ,

woricdng tensile stress in spirals,
=_&EPTI|;T.E‘I"E and m..-’?-:E-E

30 that we naves:

P L
N

Hap'crr: {Li-s-nl.s:l-i-z.ﬁ Ll O} (2=51)

In erder %o have sufficient safety against failure of cover, we
chould have:
{]'c{!.k-l-n.l.ﬂ}a-atfr&éﬂé-{.Eﬂc{l.n+nl.=} (2=3)

- wiodch Deans that the warking load of a spirally reinforced colu=n 5

ealoulated according to eguation 2«5 aust e e e

not be assuzed nore than twrice the work — [

dng load calculated accardins to equation ;

- =] |

S + ..
It has been found that cross=reinfor— }

ced members, Fig. 2-3, can be calculated | | d. |

wccording Yo the equations given for spi- i I 2 T ! !
rally reinforced elements. In which case, Figs 2=3

;;E = volune of ¢ross mesh per unit length Cross=reiniorced
and s <& /5< 8= nesber

3) Evaluation of the Dffects of Sarinkage or Creep

Shrinikage and creep are plastic paenonencns. However, it is tried
%o evaluate thelr effect in an elastic manner approxioately in the
following asnners

Let Fig. 2=4a represent a symuetrically reinforced comcrete ele-
oent of unit lengih. If the slement were not reinforced as in Fig. 2~
&b, it would have shortened a distance €_.n = toe shrincage strain of
{ g " -

() ; e {c) ] .

[
| |

iﬁ ]I_ | I :_ ! | A
= : E.= o -qgﬁ '

| . ._J : ; Eh.l __! ‘—rfr. + y

. - i
Filge 2-% Svaluation of shrinkage stresses
Ee
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concrece. Due to tue prasence of the steel reinforceaent, which doea

not shrink, the shortening will ba €; { €gy only, i.e., the ateel re-
inforcement shortens a distance €, and hence is subject to coubress-

ive stresses '.'.'I‘EI while the concrete slongates a distance equal to € i

sinus € and hence i3 subject to bensile stresses 7.« The stresses in
steel and concrete can be evaluated in the following manner:

gtrain due to shrinkage = Cah

final strain in stesl = ""a “m E'SIEE

final strain in concrete = 'E-‘.-. =£Eh-t¥t;3§:c
botn naterials are subject to the same strain, hence

EE = Eﬁ or
ﬂ;a";'igﬂ=éﬂh_ﬂ-1;‘;su ox
Gy = € B, =00, (a)
a8 no external forces act an the elenant, then
ﬁt Ac-ﬂ‘a A, =0 (bl
souations (a) and (b) give
ﬂtin—{deE-nﬂt}Aszﬂ or
'Esh Eu & ,
i T v tension (2-7)
Equation (b) gilves
EE'.* = ﬂ-t A,/ A, ’Et ,"’}1 COOD . (2-8)

nerse 'p. = the ratio of the steal in the section,
{IE can algo be given in the form:

F L
Eh1_ 2 n{: coope (2=8%)

e =

EFS =

Stresses due to creep can be caleulated from the sane equations
2=7¢ and 2-8 Iif €, 1s r-placed by €.p+ dccording to these relations,
ong can gee that shrinctage and creep have a very big effect on the
stresses both in concrete and steel am can be seen from the 1illust—
rative exanple shorm under 6).

4} Columns Testas

It has been verifiesd by tests that aetual rorking stresses could
2% De deferiined or estizated with any reason=ble sccuracy, they alzo
tndiezted that ultizate column strenszth did mot Vary appreciably itk
“ae pistory of loading, If steel yields first¢, the concrete deforas
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vith additional loading until it reaches its ultimeate strengtn. Thus

regardless of loading history, a tied axially loaded column reaches
its ultimate load N, when i1+ 48 egqual to the sustained maximua stren—

cth of concrete (O.85 =¢P 4_) plus the yield strength of the longit-
udinal steel E:F as} o degay

EE‘ = 'DIBE fg:E LE - :1 :I-.-E
it this load, the concrete i—mediately fails by
erushing and shearing cutward along inclined
planes, and the longitudinal gteel buckles bet-—
ween ties as shomm in Fig. 2-5.

mhe faiiure of a spiraliy reinforced col-
uan is different. Upon reaching <the ultimate
load of a Yied coluwn baving the sane area and r
longitudinal reinforcement, the presence of spi=- [ I
rals (with narrow piteh) confines corcrete and
+esel inside the core and dslays fallure. The Fiz. 2-5 Failure
concrete cover, however, not Deing so confined of a tied eoluan
does fail, i.e., the outer cover falls when the load ITu {egu. 2=9) i=s
reached. It is at this stage that the confining action of the spirals
takes effect, and, if adeguate spirals are provided, the faillure load
of the column can be inereased.

(2=3)

T+ has been found that a given amocunt of spiral reinforcenent per
unit length of a column is about 2.5 times as affective as the sane
amount of steel used in the form of longitudinal bars, i convenient
anount of spirsls prevents the instantanecus crushing of concrete and
buckling of steel; that is , it produces a more gradusl and ductile
failure. The msituaticn is best understood from Fig. 2«6 which codpares
the performance of & Tisd colunn with that of a spiral coluon whose

Load
3 Failure of ghell Heavy splral

of spiral column o e e e e
— Wi _spiral
—

Unit Shortening

Fig. 2-5 Comparison of atrains in tled & spiral columns
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lpad at railure of cover is egual to the ultinste load of the tied 202,
win. Phe failure of the tied colunn is abrupt and coaplefe. This is
true, to almost the sane degree, of a spiral coluzmn with a spiral so
light that its strength contribution is considerably less than the
spalled cover. The minimmm amount of spirals should be that whose st-
rength contribution is at least egual to that of the spalled cover.

5) Ultimate Strensth of Short Axially Lozded Colunns

Fron the previous investigation it is easy to see that the ulti-
mate load N of an axially loaded tied column is given by:

N, = 0.85 £ A + ff A (2-9)
and of a sirally reinforced coluam by the relation:
= P =1 & F ¥t
H, = 0.85 £ A, + fI A, + 2.5 Iy Al {2-10)

The nininum amount of spirals giving a strength contribution equ-
al to that of the spalled concrete can be determined in the following
Oanners

2.5 ag r; = 0.85 £ (4 = Ay) (2=11)
o AR F A
S Ut = 0,34 T$E (= = 1)
5 =/ y K

In order to have & reasonable margin of safety, it is recommend-
ed o chooge:

¥ A
nin ' = 0.4 o8 («= = 1) (2-12)
! 7 Gy
The ACI assumes:
. 2 4l r& = 0.B5 IEP {ﬁc - gk} (2=11'1)
lezding to 5; fc Ag
= M' = 0,425 —=E (+== 1)
il i v
For safety, one may assume: £ A
min MF = 0,45 f& (+= = 1) (2=121)
¥ k

In order to bhave sufficlent gafety ageainst failure of cover, it
iz specified in the German code 1045 art. 1l7=2-=5 that:

Toog
£

-

Assuming £ .o = 1.2 T = 0.85 rcg / 0.7, one can prove that:

A c - 3 v A
C.285 Lo A+ fj" Ao+ 2.5 A:;, ar g s {0.B85 IG'P A, + fs' Al (2=13)

The egquation mears that the nltinate load of a spirelly —meinfor—
ced coluz=n caleuiated according to equation £-10 should oot sxesd 1.3
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£i=es the ultizate lcad based on eguation 2-3.

6) IDllusktrative Exmnple

In order to show the effect of shrinkege and creep on the worizing
stresses according to the elastic theary and the Jjustified use of +the
theory of ultinate strength, we give the following illustrativa examole.

Tt is required to determine the stresses and strains both ian con-
erete and steel at different load stages due to axial loads acting on
a short column 40x40 cms, reinforced by 8 4 22 mn if the concrete st-
rength is fcunlﬁﬂ kgfaﬂz and the longitudinal re%nrurcauant is normal
2111d steel having a yield stress T = 2500 kgfca®. .ssune I, = 2100000

refen™ and o = 15.

Dataz

ivea of concrete section i, =40 x 40 = 1500 et
Area of longitudinal steel A, = B & 22 = 30,5 ::a
Retio of longit. steel po= A fa, = 30,5/1600 = 0,019 1.9 %
Prisn strength of concrete = £, = 180 rg/en®
Sustained prism strength of concrete = 0,85 £, = 135 Rgfcﬁz
Allewed concrete cxp. Shress IEPHE Ca i = 55 kgfcﬂ?

Toricing load according +o elastiec theory assuaing n = 15 is piven by:
N =0, (4, + .:LE} = 55 (1800 + 15 x 51::,_5} = 55 x 2057 = 1ll4 +tons

Thi=z load will be applied in two stages, a first stage of 57 tone 1in
which the colunon will be under the effect of shrinkage fE:h = Q.25 =/
w) and ereep (£, = 0.5 me/m) and a second stage of 57 tons in which
the colimn will be undsr the effect of an extra creep of 0.25 1=/3 »
Then, the load on the coluan will be increased in two further etages
until failure in which ease the stress in the steel equals its yield
gtress ﬂ% = fT = 2700 ngcnz and the stress in the conmerete eguals its

sustained prism strength of 135 kg/cn.

The stresses and strains in concrete and steel at different stag-
gz aof loading are as follows:

l. Shrinkapge in unloaded stage: &€ oy = 0.25 = 107>
o o %n®s %s _ 0.25 x 107> x 2100 000 x 30.5 or
R TR e 1 + x 30.5 ,
O, = i8012.2 . 78 kgfcmz tension

2057
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7.8 / 0.019

410 / 2100 CO0 = C.CGO1a5

2. Feradanently acting load of 57 tomns

O, =1/ {Aﬂ + 0 13}
Uﬂ — o gi:
Es = H% / E,
-1
Df = 2 x 7.8
Ug = 2 x 410

ik,

Il

57000 / 2057
15 x 28.2

423 / 2100 000 = 0.000215

tension

kgfcma

and

and

1

[
-
o
m

4

¥

[?

]
o]
[
ot |
w3
Wi
b
k¥

& 2
28.2 Xgfoa” comp

e
= &d% zzfem” eozm

compresslion

Creep of 0.5 mm/m (causing double the shrinkage stresses & strains)
15.6 kgfuﬁe
Bag

and

additional load of 57 tons to reach the max, working load of 114 +

UE = 28.2 kgfamz COmTH . Gs = 42 kgfmaz SOMD.

additional creep of 0.25 mm/m to the end of this phenomenon

CTt = 7.8 };E,.-’r:,mE tension GE = 41C kg...*'nmg COED -

The stresses and strains in concrete and steel at the 4ifrF
stages of loading are given in the following table:

erant

L B H G'E ) £
Case of loading 5 GE
tons tons | kg/fen  kz/enl ao/o
1. Shrinkage 0.25 mo/m 0 o 510 =7.8 0.195
2. Loading 57 ton 57 57 e 28.2 De215
Dases (1) + (2) - 57 832 20,4 0,410
5. Creep 0.50 az/m - - 820 | -15,.6 0.290
. Casea (1) to (3) - 57 1652 4,8 0.800
4. add., Load 57 ton 57 - y22 28.2 0,215
Cazses (1) to (4) - 114 2074 33.0 1.015
5. idd. Creep .25 ma/a - - 410 =7 .8 0,125
Cases (1) to (5) - 1li 2484 25,1 1.210
Same and GS = f? - 114 2300 27 4 1.100
9. add, Load Bo tom 25 - - 550
Cases (1) ta (5 - 200 2300 8l.2 i
7« Add., Load B6 ton 86 J - - 55.8
to PFailure
Cases (1) to (7) - 255 2300 | 135 #
% £t these stages of loading, the concrete iz in a pPlasticz state,

heace, the straine are +g ba determined from
relationship of the concreta,

the actual stress—s+rain
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From the given table, one can deduce the following:
- Tnder a lo=d of 57 tons, we have O, = 28.2 and 0 = 422 xg/e=>.

- Dua to ghrinkage, the concrete stress is reduced to 20.4 }:3::3
and the steal stress increases to B2 ];;fc-._-nz.

- Because of creep, the concrete stress is further reduced to L.B
z/ eo” and the steel stress increases to 1552 1:5-"1::2. In thois
stage, the total coluzn load is approcdinately carried by the si—
esl reinforcenent only. "

= Increasing the load ‘gn the alloved value of 114 ton, the concrete
stress is 32.9 kg/cx and the steel stress becomes 2074 EEHEZE-

= For an ad.dd.t:.nnal ereep of 0.25 on/o, the concrete atrasa mill be
25.1 ‘qy’t::. and the calculated steel stress is 2484 L.g.-"m A

= The naxinua that czn be resisted by steel is r:, = 2300 kyr.-m“ .
Hence, the corresponding naxiowus load, ITE, is given by IIB = fF e
= 243 x 30,5 = 70.15 tons. The remainder, Ilc. will be rasisted bF
concrete, Therefore, M, = 114 = 70,15 = 43%.,85 tons. The corres—
ponding uu&amta s‘l;mss is o, = Hu / i, = 43,85 x 1000 / 1600 =
27 4 ¥g/em”. -

-~ It is interesting to see that the stress in steel reaches the
yield linit under the working load of 114 tona,

- (Oalenlating the stress in concrete and steel due to the working
1pad of § = 114 ton according to the elastic theory with n = 15,
we £ind that O, = 55 kg/cn”, i.e., more than twice the actual
stress, whereas O, = 825 kg/om” which is less than one third its
actual value.

- This means that the elastic theory gives a wrong idea about the
stresses both in concrete and steel.

- Any further increage of loading will be carried by concrete only
until O reaches the naxi—un resistance of concrete under sus =
tained 1na.-:!.-a which is equal to 0,85 f an = 135 kgfmz because st
eel in yield cannot resist aay stress nmore than 1'? = 2300 kg,fm .

— The effect of shrinkage and creep diminishes with increasing
loading and disappears ecoxpletely at failuore.

However, no coluzns are likely to be purely axially loadsed. Sven
if design caleulations show a compression menber to be free froo any
bending nonents, imperfections of construction, such as slight bean
eccentricities and deviation from straightness or verticality, will
canse unimbextional bending mouents. For this reason, it is recomend-
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ed to design compression oembers for an adecuaste minimum eccentricity,

2.4= AXTAT, TERSION

Zlastic esnalysis: The tensile stranzth of concrate beiry low, re=-
infsrced conecrete is not well suited fop tension mewmbers. 3tiil, rein-

Cforced concrete may be coveniently used in tension: £:§ in water tanks
and tie rods of arches.

In & cireular mater tank, the wails are mainly subject to axial
tension. In erder to have sufficient mater-tighimess and to protect
the steel froo rusting, the thiclmess of the walls must be so chosen
that the tensile stress in coacrete Uy 1= smaller than its *ensile
st—enzth ft. In this situation, expression 2-3 dsrived for axial com-
pression will he walid i.8.,

(s I" -
i ¥=0, {13 +n AEJ n2=187)

Op =X/ (A, +na) (2=147)
in which

0= Es,-"Ec = oodular ratio (here, generally chosen equal to 10)

Sections subject to axial tension are generally symetrically re-
inforced and shrinkage causes tensile stresses in concrete and COmp—
ressive stresses in steel according to equations 2-7 and 2-8,

Accordingly, the total tensile stress in conecrete is given by:

Op = W+€ B 4)/ (A, +1 Al (2=-15)
in which &, = shrinkage strain {senerally 0.25 x 10~° for design
DUrposes)

In spite of that, the steel alome =ust be sufficient to resist
all the tensile force K. So that,

A,=T0 /O, or q. =10/ iy (2=158)

In normal cases, such as in tie rods, tension cracks, with a may-
imno specified width, are allowed. Then this happens, the concrete
sectlion is neglected in the design and the steel alone must be suffi-

clenty To resist all the tensile force. In this case, equation (2-18)
apolies.

Ultinate strength analysia: The ultimate tensile force of a ten-
slion member is that force which will Just cause the steel stress <o
reach the yield point., That i=s,

I, =2, 4, (2-17)
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2a5= ST TLS HEEIDIONG
' a,) Bending of homogeneous beams

Reinforced concrete beams are nonhomogenecus in that they sre made
of two entirely differsnt materials, The methods used in the analysis
of reinforced concrete beams are therefore different from those uged
ino the design or investigation of beams composed entirely of any other
structurael homogeneous materisl such asg steel., The fundsmental prin—
ciples involved are, however, essentially the same as those relating
to hoanogeneous beams. Briefly, these principles are as follows:

At any crose section there exlet intermal forcea which may be re—
eolved into components nomal and tangetial to the section. Those com-
ponents which are nommal to the section are the bending stresses.
Thelr function is to resdlst the bending omoment at the section. The
tangential components are known as the shear stresses, and they reasist
the transverse or shear forces.

The fundamental assumptions on which the anslysais is basad ere the
following:

1. Flane sections before bending remain plane after bending which
means that the strains in any sectica are proportionsl to the distance
from the neutral axis.

2. The ‘::-vara..ﬂ:l;:::..g-:a:.*l;::-&s.g"t:'f'1 at any point depends on the straliné at
that point in a manner given by the stress-strain diagram of the mnb-
erial, If the beam 15 made of a homogeneous materdal whose sStress -
strain diagremin tension and compression is that of Fig. 2<=Fa, the
strainsg and the corresponding stresses at different load stages Aare
shown in Fig. 2-7 b aad c.

7T up

a) Stresa- b) elastie ¢) inelastic
gtrain re—
lazpionsninp Streszses and Strainas

Fig. &=-7 Elastic and inelastlic atress distribution in & homogeneous
bean
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3+ The shear stress acting on -
any fiber of an element dr of a2 beam ——
subject to varying bending moments %
(M and ¥ + &) is the result of the - ol
difference between the normal stres-

ges acting on both =ides of the ele-
ment as ghown in Fig. 2-8.

——— &

v
et

The digstribution of the shear axr | sheaer shtross

b
stresses - over the depth of +tha '
section depends on the shape of" the b = breadth of besm
cress sectlon and of the stress-str .
ain disgram, These shear stresses Fig., 2=8 Shear stress distrib—

are largest at the neutral axie and ution in a homogeneous beam
egual to zero at the outer fibers.
The sbear stresses oo horizontal and vertical planes through any point

are equal otherwise, the element which includes the point rotates
arcund itsalf

4. Owing to the combined aoction of shear stresses (horizontal and
vertical) and flexure stresses, at any point in a beam there are in-
clined stresses of tension and compression, the largest of which form
an angle of 90° with each other. The intensity of the inclined maximm
or principal stresa at any pc:—i.n% ia glven by the equation

G, o4& q'f +T2 2=18
2 i

whers
(0= intensity of normal fiber stress

T = intensity of tangential shearing streas
The inclined stress makes an anglectwith the horizontal such that
tan 20.= 27T /O 2=19

S« Since the horizontal and wvertical shearing stresses are aqual
and the flexural stresses are gerc &t the neutral plans, the inclined
tensile and compressive stresses at any point in that plane form an
angle of 45° with the horizomtal, the intensity of each being equal
to the uwnit shear at that point.

G. When the stresses in the outer fibers are smaller than the DO

portional limit U'P, the bDeam behaves elastically as shown in Fig.2-7h.
In this case we have:

a. The neutral axis passes through the canter of gravity of the
crose sactlon,
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b. The intensity of the bending stress normal to the gection in-
creases directly with the distance from the neutral exies and is mex—
imum at the extreme fibers. The stress at 8ny given point in the cross
‘section is given by the equation
T mMy /I 2=20

where U = bending stress at a distance y from neutral awxis
ul external bending coment at section
I = moment of inertia of cross section about meutrsl axis,

The maximm bending stress occurs at the outer fibers and is agqual

1|

to
o =g/ IaM/Z Szl

whare z = distance frem neutral axis to outer fiber
Z =TI/ z = gection modulus of crosas section,

©« The shear atreas (longitudinal or transverse) at any point in
the cross section is given by

Ts @8/ Ib 222

where @ = total shear at section
S = statical wmoment about neu%ral axis of that portion of cross
sectlon lylng between a line through point in question para-
llel to neutral axis and nearest face (uppe= or lower) of
beam
I = moment of inertia of crosa section about neutral axis
b = wildth of beam at given point.

d. The intensity of shear along a vertical cross section in a roec—
tangular beam varies as the ordinates of a parabola, the intensity be-
ing zero at the top and bottom of the beam and a meximum at the neut—
ral a¥la, The maximm ia 3/2 the averags,
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b) Bending of reinforced concrste beamsg:s Stress distributicsa at
various stages of loading

The distribution of coopressive stresses in a relnforced concrete
sectlon depends on many variables: (1) The pagnituds of the axternal
forces, (2) the rate of loading, (3) tha history of shriskaze, ereep,
and posaibility of di"farential temperature, (4) the location relative
to the position of a tension crack, and (5) most inportant, the streas
straln relationship of concrete.

Heglecting effects of shrinkage, ercep and temperature changes ,
oae may correlate between the satress distribution of concrete in cozp-
ression and the staga of loading in the following muanner, Fig.2-9 &

g |a'i'ﬂ|

nar

: e T

I, IIn IIT
straln profile atress Profileas
“ig. 2~9 Distribution of strains and streases for wvarious stages of
loading

Staze 1 (noncracked, linear stage). In thia stage whers loads aps Ed—
all, coopressive stresses are very low (etrains much less than G.50
ma/m) and the maximum tesile stress of concrete is less than its rup-
fture strength (atreins less than about 0.1 to 0,15 mn/n). decording-
ly, the essumption etating that, "in the tension zonea, the concreta
strength is negligible™ is an underestinatior of the obaerved atreng-
the Analwais 4in this stage could dlsregard that assunption. Concrete
can reaascnably be asaumed as linsarly elaatic material; the modulus
of elasticlity in ternsgionm may be assumed equal to that in eompression,
The analytical erpression Tor the distance to the pneutral axrls, z, is
in a guadratie but separable form.

This stage should be considered as the basis for calculating the
cracking ooment when the Daxrinun concrete tensile straln is taken as
0,12 on/m, It is alac taken as a basis Zor the design of sections that
should be free from cracks (e.g. sections of water structures when the
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tensile stresses are on the water side).

Stage IIl (cracked, linear stage)., In this stage, higher loads cause
tension ecracks to develop (maximum tensile strain in concrete is in
excess of 0,12 mm/n). Heglecting strength of concrete in tension is
realistic; the steel alone resists the entire tension without rupture.
The payioun stress of concrete in compression does not exceed one half
the prisa compressive gtrength (i.e., strains are less than about 0.5
an/o). Accordingly, 2n assumption of a linearly elastic bebavier is
justifiable; therefore, compressive stress distribution can be approx-—
imated by a triangle., It isusually hypothesimed that reinforced con-
epete sections under working loads belong to this stage. aigain, the
analytical expression for the distance to the neutral axis, z, is in
a gquadratic but separable form.

Staze IT (eracked, nonlinear stage). For loads greater than <these
producing stage II,, the maximun coapressive stress in concrete ax-
ceecds ome half the prisa coapressive strength. however, concrete in
cocpression has not crushed (i.e., the value of the maxinup ciOpress—
4va strain in soncrste has exceeded about 0.5 mm/m but is still h:low
3.0 mo/a). Although strains are assumed to remain provorvional to Tns
distance from The neutral exis, siresses are not. Concrete is assuned
to behave in a ponlinear inelastic fashion; meanwhile, steel or come-
rete or both are about to reach their limiting strength. Because of
toe ponlinear behavior, the expression for the distance to tie neut-
ral axis, 2z, is in a genersl nonlinear ponsevarable fora, which Io=
ouires an iterative scheme for solution., This stage is the cost 4ild-
ieult to anaiyse aod the solution nay necessitate the use of an wlec—
tronic machine,

Staze IIT (ultinate strength). The load has reached the marinu= value
~hat can be resisted by the reinforced concrete section. The concrete
atrains are still assumed to be proporticnal to the disvance froa the
neusrel avie rwith a maxdimom value of about 3.0 ma/m  eccurrinp at the
sxtrene *iber of the section. Three types of flexural fajlures ars
pnssible, nazely: (1) teosion failure, (2) balanced failu-e, or {(3)
compression Tailure; this depends on whether the concrete strain rea-
ches its cari=uas wvalue when the tension steel bhas: (1) already yield-
ed, (2) just yislded, or (5) mot ylelded yet, in that order. In all
+hree cases the shape of the conpressive stress dlstribution is the
saze but the posiiica of the neutral axis varles significantly. Ten-
sion failures, which occur in cases of pure becdirg or in cases of
normal forees with large eccentricities, produce & ‘smell value of z,
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i.2., the neutral axis is near the nost coapressed fiber. For comp-
ression failures, which oceur in cases of nexmal forces with s=zall or
no eccentricities, the neutral axcis could be well below the aid-denth
of a 'rectansuler cross section, The balenced failure is, obviously ,

an intermediate case with relatively intermediate velues of = and ge-
nerally occurs in casea of nornal forces with "mediun eccentricities",
In case of a rectangular section, the expressicn for z is simply lin-

gar.
Tt is clear from the previous discussion ‘that when relatively mo—
derate amounts of reinforcement are employed, at some value of the
load the steel will reach its ¥ield point. At that stress the rein-
forcement ylelds suddenly and stretchesa large amount, and the ten-
sion cracks in the concrete widen visibly and propazate worard, with
sioultaneous significant deflection of the beam, "hen this happens ,
the strains in the remaining compression zone of the concrete incresse
to such a degree that crushing of the concrete, the so-called second-
ary compression fallure, takes place at a Load only slightly larger
than that ghich caused the steel to yleld, Effectively, therefore,at-
tainaent of the yield point in the steel determines the CATTYing cap—
scity of moderately reinforced beama, Such Jield failure is gradual
and is preceded by visible signs of distress, such as the widening &
lengthening of cracks and the marked increase in deflection,

Un the other hand, if large amounts of reinforcement or normal a—
monats of steel of very high etrength are employed, the compression
strength of the concrets may be exhausted before the stesl starts vie-
lding, Concrete fails by crushing when strains become mo large +that
they diarupt the integrity of the sonerete, Pract criteria for this
occurance are not yet known, but it has bean observed that rectangul-
ar beams fall in compression when the concrete strains reash values
of about 3 to 4 x 10'5 for concretes with prism strengths varying bet-
ween 350 and 150 k5f=m?, Compression failure through crushing of the
concrete is sudden, of an almest explosive nature, and occurs without
warning, For this reason 1t is good practice to dimension beams in
such A menner that, should they be overloaded, failure will be initia-
ted by yielding of the steel rather than b¥ crushing of the concrete.

The major factors influencing the type of failure are: (1) the
shape of the cross section, (2) the geametrical percentage of the re-
inforcement (smallest for temslon failure), (3) the value of tha yield
point or the proof stress of the steel, and (4) the coopressiwve stren-
sth of concrete. It should be emphasized that the rotational capacity
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of a section (2easured by the anzle of curvature @in Sigz, 2-9) is ouch
larger for temnsion failures as coapared with balanced or coopression

feilures. The rotational capacity sives an indication So the nature of
duetility (ability to deform, past the elastic range, before failure)

of a reinforced concrete medoer, This property plays a pajor role in

1igit state design because it, anmong other factors, guarantees safety.
Safety in the sence that large deflections without total collapse RKive
marping end anple time for evacuation of personnel and eguipzents.

Accordingly, one should expect codes of practice to favor desizns
producing tension failures in case of excessive loading; at the cane
time, britile or sudden failures such as the balanced and compression
failures should be prevented s much as possible.

¢) FNoncracked linear stage

In this stage, the strain and stress distributlion is egsentielly
the same as in an elastic, honogeneous beam, The only difference Iis
the presence of the steel reinforcecent.

Tue to bond betwesn steel and concrete, both meterisls will be sub—
jeect to the sane strain and the gtress in the steel will be n tines
that of the conecrete. This fact can be taken into account in the cal-—
eculation by replacing the actual steel-and-concrete cross secsion with
a wirtual section composed of the concrete section end o times the
steel area located at the level of the steesl.

Howewver, the forces resisted by the steel reinforceaent are soall
compared to those resisted by the concrete, that the sectiocn may Dbe
treated as an elastic noncracked plain concrete section without oak=-
ing an appreciable error.

If the steel reinforcenent is taken into coslderation with n times
its area, n may be assuzed egual %o 10 and the stresses can be coaxput-
ed with eguations 2,20 to 2,22. in which 7, %, S and I are to be de-
termined for the wirtual aresa.
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d) Zlastic analysis. Cracked linear stage

1. B

i .

! S

strains linear stress distribution
Fig. 2-10 Linear streas distribution im a reinforced concrete rect—

angular sectlon subject to simple bending

Hota+tilon

b = breadth of croass section

T = total depth of eross aection

1 = theoretical depth of cross sectlon from center of tension
steel to outside fiber of compression zone

d' = distance from compression reinforcement to outside fiber
of compression zone

< = distance from meutral axls to outside fiber of compression
zone

Jot = 4rm of reslatins mament of internal forces

£, = croas gectional area of temsion reinforcementa

aé = ¢roas sectlonal area of compression reinforcements

- = external mcoment acting on mection

G= = compreszive force on concrets

C; = compressive force on compression steel

g = c¢ + Gs = Total conpression on section

T = tensile force in tension steel

€. = strain of cutside fiber of concrete in compression

€, = atraln of tension eteel

U. = maximm compressive streass of concrate in campressien

U, = %esdle stress of steel in tension

Ug = coupressive stress of steel in compression

E&, Et = modulus of elasticity of concrete in campression and

L

il

tension respectively
nodulus of elasticity of steel



n=E /E, = modnlar ratio

a e

3::!:1 P=i'{d r=0, /0, ‘H=la.i"b11 r-':iy'bd

2. Aasunptiona

(1) The tensile strength of concrete in temsion is emall and for
this reason it 1s genarally assumed that hair cracks taice place in
the tension zome under working loads so that the concrete in tension
does not statically act and all the tenslle stresses are resisted by
the tension atesl only.

(2) Plane sectlons before bending remain plane after bending; i.e.
the strains are proportional to the distance from the neutral axis ar

EﬂfEB==ffﬁ-2} 2=23

{3) Under working loads, concrete and steel act as elastic mater—
ials, hance

E==J¢EE= and Ea':as'}"sn
so that -
€ /e =qi-:.£
c Bt - B E,
Assuning Eg /2. =n then,
Ue
€ /&, “0g 7 B e~h
Equations 2-23 and 2-24 give :
:-f!-.f;.‘-..ﬁ =z / (d~z) 2-25
Assuming z = S d and r =0/, we get:
S ol
~dTF+a 2-26

3.onditions of equilibriun
The section being subject to simple banding, then

(1) The sum of the stresses acting on the sectlon must be egual
to zearo, i. =a.

xﬂ'dn:ﬂ but T =€k then

;'E Ed=0
According to assumptioan 2 € = ¢y where ¢ = constant, Bence, we get
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It-.l

:IrEdﬁ:ﬂ or :Ecl'y

E,H'EE = ]l for concrete in ccmpression,
= 0 for concreta in vension, and
= n (generslly 15) for steel reinforceaments,

This equation means that the statical moaent of tha virtual Ares
about the peutral axls is equal to zeroj i.e. the neutral axis passes
throush the center of graviiy of the virtual area.

Assuming Further that:

The total compression acting on the section is equal o C , and
the total tension acting on the section:isg equal toe T , then
C="T 2=27

(2) The intermal mement of resistance oust be egqual Yo the exber—
nal mozent o acting on the section . Eence

C Ty =% Top = it 2-28

ds = 0 whara

c

L

4. Appliceaetions
{1} Rectengzular sections with tension reinforcements only.
Fig. 2=-11
Given M, b, 4 and 4. H:‘-
Required AT, au.ach:

Tne neutral axls passes through the

center of gravity of the virtual K.
area,; hence
h:zfannﬁ.n{d—ﬁ} ar
n A
== (=14+]/ 1« 220 2-29
b n oA
According Yo egquation 2-28¢ C For = T Vep = 4 or
z b = = 2
UGT(d_Ejgaﬂﬂ's{d_E}:J or
U - g_!i T E Ry ¢
© bs {,d-;}
230
J. = i R i)

3 Lstd—g;l

Rezplaeing z oy ;1'1 and 4, by [J-'b d, tos peutrzl axic cas ba con-
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puted by the relatiocrn:

Ezzfﬁ:n]-l-l:—1+|f',1+n_ii_f} 2.%)

Mhe arm of the internal forces Tor = 11-:1 is taerafore given by:
3t=d-§ ox N :rntfd.=i:l-%}

The stresses in concrete and steel can be cooruted from eguations 2-30

gs Tollows:
o 2 M - 2 ¥

= - = giving
o br(d—%) h_t_ﬂ.E(l—E}
O, =6y = 2-32
[+ 1 b A=
whars
Ca 3 2
Tta-9
2
and " =
g, = — G
s z = A
(- ;} rl-hd (1—3-}
|
T, = - 2—
y b 4= 7
where
-
f-‘-{l - _g:r

Table 1 gives,for a rectanguiar gcction with tension reinforecments
ozly, the values ol 3 +7 » ey and o, for different rl-'--values.

(2)_Rectazpular sections with double reinforcesaents. Fig. 2-12

Given W, b, d, 4, and i7.

Required ﬂ-n ane .

The neuyral axls passes through
the center of pgravity of the
virtusl area; henca

2
EEE__an;; {B—ﬁ']=ﬂis (d-z)

which, woen solved for z ves:

-n (A_ + &A1) - _11}
3 = {En h5+ “""_"E_ +-l._—-::. d'+ Al a') 2-35
Further, & = C, + O, mcc{d-3}+35-{'d—d'}.—.u oz

:;'E*E!E (A-2)+al 0} (a-4) =M
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Table 1; Elastic apalysis, Stresses in rectangular sections with

jsenslon reinforcements only subiect to simple bending
M M
= = =15
e e 258

Values of Isi y M= % » ¢ &nd e, for d.:l-:.‘.‘.fm:untpﬂuea
00| ¥ 1 S ] % s off I ! 1 | &=
C.2C | 0,217 | 0.928 | 9.942 $38.8 | |1.,20 | .45 | 0.851 | 5.253 | 97.9
22 226 925 | 9.564 1.5 24 451 B850 | 5.213% | 95,9
24 235 922 | 9.234 u 1.6 28 456 B48 | 5,165 ; 92.1
26 243 919 | 85952 | 41853 22 452 B45 | 5,120 | B9.6
28 251 9 8.694 | 389,5 36 457 8445 | 55077 | 87:1
0.30 | 0.258 | 0,914 | B.472 | 364,8 | |1.80 | 0.471 O.843 | 5,035 | 4,7
12 265 | 912 | 8i268 | 343,1 ey 475 B42 | 4,995 | 82.6
34 272 909 | 8.082 | 323,.8 48 480 B840 «257 | B0.S
56 279 907 | 7.924 | 30733 52 454 839 | 4,221 | 78.5
38 285 905 | 7.752 | 291:1 56 489 837 | 4,886 | 75.
C.50 | €.292 1 0.903 | 7.596 | 276.9 | | 1.60 | 0.493 | 0,836 5,853 | 74,8
42 298 901 | 7.458 | 26422 B4 497 | B34 | 4,821 | 73.1
iy 203 B99 « 332 | 252.7 68 501 B33 | 4,790 | 71.4
b 309 897 | 7.212 | 2322 7a 505 8 4.760 | 69.9
48 314 B95 | 7.10% | 23237 76 509 830 | 4,731 | 68.5
0.20 | 0,319 | 0,894 | 7,008 | 222.9 | | 1.80 | 0.513 | 0.B29 | 4.703 | 67.0
2 | 324 | “892 | 6,906 | 215.5 Ba | 517 828 4,677 | 65.6
54 | ,329 890 | 6,810 | 207.8 88 521 B26 | 4.551 | 84,3
S6 | 333 B89 | G726 | 200:8 92 524 | B25 | 4,627 | 63.1
58 338 887 | 6,642 | 194.3 96 528 824 | 4,503 | 61.9
2.00 | 0,343 | 0,885 | 6.570 | 188.2 | [2.00 | 0.531 0,823 | £.579 | 60.8
52 348 “BB4 | 6.49B8 | 1B2.5| |2.10 539 820 [ 4,523 | 58,0
AR AL E IR A s
i & - 4;‘424' -.-
68 361 | 880[63300| 167.2 | 2530 2 813 4,381 §1j
0.70 | 0,365 | 0,878 | 6,280 | 162,7 | 12,50 | 0,569 | 0.810 | 4,339 | 4q.4
7= | "389 | “B77 | 63174 | 158.4 | |2i60 | 575 | ‘aos | 4 300 47,6
T 375 876 | 6,120 | 15424 | [ 2570 582 806 | 42264 | 46.0
76 377 874 | 65066 | 150.5 | [2:80 588 BO4 | 4,230 | 444
78| 381 873/ 6,018) 14628 |21 594 | 802 | 47197 | 4370
C.80 | 0,384 ) 0,872 | 5.968 | 143.4 | |3,00 | 0.600 | 0.800 | 5.166 | 81.6
8 | “388 | “B71| 5,920 | 140, 3.10 | 805 | “798 | 4:138 | 4024
B4 392 859 E‘_.‘B?E 136:9 | 13.20 611 796 | #3110 | 3932
B& 396 858 | 5.83L | 153.9 | |3:550 617 7o | £.0848 | 3831
681 399 | 867(5.788(121.0| |3580| e22| 993 23059 | 3721
0.90 0,402 | 0,866 | 5.745 | 128.3 | |3.50 | 0.627 | 0.791 {al036 | 361
92 [ “nps | *865| 5,706 | 12 57 |3:60 | “B32 —;39 543014 | 3552
s | %08) Be4)5ie67|123.11 13570 | 638 | 78] 3i9% |34ls
95 412 863 | 57829 120,7| 5380 841 786 § 3,971 | 333
98 [ 415 | @882 5:59% 313390 | e45| 78533952 |32ls
1.00 | 0.418 | 0,861 | 5,560 | 116.1 | |4.00 | 0.649 0.784 | 3.932 | 31,9
O4 | “424 | “859 Eﬂg& 2.0/ (48,10 | 653 | 782 | 37914 | 3135
08 530 857 | 5.431 | 108.1 ] (&#=20 657 781 | 37897 | 3055

12 &35 855 | 5.372 | 14 4230 651 780 | 32881 | 2
16 4ol 853 | 53318 | 10171 4230 B65 778 | 3.865 g—a
120 | 0.446 | 0,851 | 5.263| 97.9| [4.50 | 0.669 | 0,777 3.849 | 28,6




ﬂaf_n z - drf

dut -E'e. = = thersfore
HEEEE{'E1"§}+A;EU¢E—‘;£{¢—IH.'}=E giving
= 2=35

o= — -3 ;
c"Ef@-5Henal E 5 @-aY)
daving determined EFE and z, then U, can be calculated from equation
2-25, thus

- d = =
G-:=nﬂ.= = 2=3@

1
assumdng z = 1 d, A, = ‘Hh d, Ag =riul‘ bd, o =!~L;'IJ-. and I‘a: d'/d
sre ‘ecuation of the neutrel axis can be given in the form:

~ 2 (L +olD) "
i_nt-&{h-m::[v:.»,nwl*mjd 1] 2.37

The arm of the intermal forces F., = "t d, and the atresses D‘¢ and Us
een he determined in the following manner:

ur:d.-;}+ﬂscd.-d1]=l:r“ or

qzafm-i'“a;u; :a-a'}=(nr=551'iu;ﬂ“;1 Tt

Sut gl =n0, E-g-ﬂ' therefore

&

b = T = df & b - dr
GEEE_(‘]'";}*MEUG_ == (a-4') = (O, 5= + oA O, =5— ) Ty

Substituting 2z =t1d, T =I"!d, ar =Fd, A =r-'h d, 4} = rlllbd and
[ﬁ_:}f-:-’r;, we get
2
gd'—f':’{l-g-]+nufi.xhd.a - fl—ﬁ} ,
= [Ed—'zk-l-nd.fl-hds-—-—@ﬁ'_d}
or I. 5 . 5
ri,"rst_;{l'iz'*““f"i__rg’u‘fj'} _

Equation 2-28 gives c For = K or

(T, = + ag é} Ty = % therefore
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(¢ %2 Senupiag debnaau

= H x

_ﬂlg—_? - 259

or

woers

{%+nn£r. 3 '_'?{1--?]+Ir."""l-l ‘E'Téil-—fg‘}

Having determined z and O,» then ﬂ; can be c:mpnrl:u:l from the relation:

T
s"“,_,‘g- 1-.5.

or
e "—55

ag that

M
BhRrFE o

whers {1 ;J
c2==1n = =
§-f1-§:u+nﬂf=c§,--[-’-}f1 -B)
FaluaanrsmqmﬂmhmtlﬁHMMnaunrnlanﬂ.nzm

However, it is recommended to datnm:!..ue Cr from the :I!uuuw:'.':ns_ ralat-—
ions:

g, = 1_1‘-"'.-:: f'“I 2-41
which means that ey = ;&;i?'

IMlustrative examplas:
2

I}Gimb:il-ﬂm,d:lﬂl}m,LH:#Dm apd M = 50 mt, -
Required D‘u and G‘ﬂ

Equation 2-29 gives: =220 ¢ 3.1/ 1. ERI0X80, _m.s
cma

e - | 2 x r 10° 2
2 £ ._Ejl . 40 x 41.3 (lm -— f—] 3 EL'E =:I

: . r 10° = 2
Zquation 2-30b gives: {1_;‘ = = {i -:1_1_3) = 1850 kg/cm'
] 40 ¥ 200 o

Table 1 g:lm: Tor P;H 'E"E x 100 = m



57 =
\; = .48 n = 0.851 By = 556 and ey = 116.1

fhe stresses can therafore be cozputed by equations 2-32 and 2-33, 1.e.
. ﬁuxlcr" uﬂlxﬂxm? - 1450 &
g. =590 X = 89.5 = =
> | 0 08 “ i e Der -::‘%.
Further, accorting to sheet 2; we haves:
rﬂrjlulfa, gy = 5«5 and c2=115:5¢thﬂ.tﬂ'¢nﬁ'5 and
O, = 1440 kg/a”

= x 10° _ 2
Using equation 2-41, wa get 'I:::l'5 = I—;—-Fu'-—h = %—-nm = 1450 kgfen

2 2
2} If the sasde seetion is reidnforced with 15 = 50 ¢m~ and A; = 10
and is subject to U = 60 2t, Tind J_ and T, aseuning d' = 5 cas.

The peutranl arls can be deterninad froa equation 2-34. Henca

z = ﬂ%“'—m-l V[lf’ﬁﬂ*ml] E’:l {50:10D+lﬂ:50

= — 22.5 + B5.5 ~ =4&3 ocms

Zquation 2=35 gives U_, thus:

&0 x 10°
e _.-.‘.—“Zi:lm ;2}+15:m:5§3—5{mu-5}

Equation 2-36 gives U, tima:
=l§:‘?ﬂ:.lggu§_u2=l}90 kgp’mz

=70  kglent

Using sheet 1, we get:

?Er#-m—%mllm=l-255 and H':%F}HE?E[A

t =035 1.0, 2z =43.5 ans and 7| = 0,849 1.0 T4= 25

Using sheet 2, we get: ey = 4:3'& and 8y = 93 . Tharefore,
ﬂ'tﬂﬂﬂuﬂﬂrﬂnz = 72 [75‘:95:50:105 = 1390 l:g.ufmz
¢ ’ 40 = 1 40 T
tion 2=41 etz & o M 80.XA00 o yung eses
Using aquation s we got: B-m S0z ok,

The results obtained by the different equations, tables or curves arc
apprarimately the same.
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(3) D=sections with tension reir®orcements oaly

If the neutral axis lies in-
side the caopresaion flange i.e. } 2 '
z {ts' the section behaves as .
2 rectangular section with bread-
th 5. Hence, the eguaticn of the
neutral axis is given by:

ﬂ -ﬂrn. ilq
= 2 d B -t e
o=l 1+ S=e=) p
v " s WA
and the stresaes can be computed ik '
=roa the relationsa: Fig. 2=14%
2 4 |
g = and 0 = =
° Bz (a-$ oA a-D

(Refer to equatioms 2-29 and 2-30 a and b. )

I* the neutral axis lies out—
side the compression flange, i.e. N. | :

- t.» one can proceed as foll-
owss

In this case, the small canp-—
ressive stresses resisted by the
web between the bBottom of the fl-
ange and the neutral axis nay be
neglected without making an app—
reciable error,

The neutral arisg passes thr-
ough the center of gravity of the virtual ares cocposad of the assun-
ed concrete compression zooe {equals area of flange) and n times the
area of the tensicn gteel; hence

: +
Btﬂ{:—gﬁgania{d-s} or
Tt

E—g—-i-:r..ﬁ.ﬂ .
Bts-n.ﬂns

The center of gravity of the assumed trapezoldal compresgive st—
resses is given by:

1
32_&- L'_l":=-|-E!'.:||"=
3 a, + ar
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E-"'ts
= L] —————
but Te =T z then
::—-"LTE
~ it =
__tﬂ U;*-Ug = ___tE 3z Ets
it el T =15 =
= o s - 2 3 = t
Unq- Uﬂ

mhe a=m of the internal forces is therefore given oy:

3t=ﬁ—3‘=du—u* = = = & = 2= 5
v 3 23 % 2 6 (2z~%)
In cases where tsu;uaucmgared to z, one can assune:

t

e —
Yot = &= 2"

mhe stresses can accordingly be deternined from the relations:

5 TRy T mg Tat c oD "E=%

Assuning z =% 4, t, =04, and A  =UB &, the above relavions
can be siven in the form:

5e
——— b
==3!‘1=; : }Ad -.?.-—45
B+ oK
. a
j‘tcﬁrld.-:F‘EE 245
'! L ad
U.,—,ul-.-‘:—z . and __I:I':nz"'-_,=‘_'" 2-57
" B a " 3a i N4
in which ;}
4:‘-1:—;
?z+5{g—§}2+n#(1-s}2
and 7
o = n{l—t.a}

EIEJ"‘ EE;-'EE}E"'”‘_F{J'"S:'E

Values of L and " are given in sheet 3 whereas values of ¢, and <€,
are given in sheet 4.
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5 = w L - Fay . o - iy B
ity lesections with tentian ICasonselEnte,. Fig, 2 <15
L e s et S . - e e B — = e e e T e e e T

Fig. 2=1&

Assu=ptionss

1} The »Ib lies in the plane of bending which passes through the cac-
ter of gravity of the 3teel relnforcenent Spe

2) The stress 1in the centar of Eravity of the sterl reinfarcament is
taken as a measure for the tensile svrength of the section.

43 a result of the fivat assumption, the center of Canpression S,
till lie in the pPlane of bending, ™ ther, the neutral awr.s will Te
inclined and the maxinug conerete stress @, takes place at the cormar
¢c. Tne stress distribution bas the shape of & PFrazid whose base is
she triangle Hl HE ¢ aud height Te

The compression ¢ 4is 2qual to the volume oF the pyramid and acts
in ite ¢center of gravity which lies at B/% from o H: 2aoi z/M fros c Hl

i'Elj E=B,.-"'1Ir ﬂr‘an-I-ﬂ-.

<& have further: o = T or EEE i gﬁ = AS G; and
CE N o Hé i
These two relations Eive:
9:115 32 B d
E=T{-l+ E'?_ﬁ?-l;i'l} E'-—“-EE;
Assuming B = 2b, then
Bn.a.ﬂ b d
E:——HE—'I:-I-I- Eﬂ-ﬁ_.'J._E_d.l} 2—48‘0
The ars of the internal forges 44 glven by: Fop = d = E =4

The stresses 8Te therefaope:



M z
e oL Ve M e 2-50

i (5) Iriansular sections with tensieon reinforcenents, Pig, 2-17

nlr’l\QZ _je e d g

I P Z:
K
!

Ic-t L] - 4Et

|

b

Fig. 2-17' B

7 The canpressive stresses are distributed over the area t

2
..IHE“--EH- where ?FT i;ﬂi, HlHE EHH*

The total cempression C is given by:
bz O
C = - l:'.t_ (n}
Z2€ "5 BT Ve
while the total tension T is:
T:As{:rs:ﬂ
The neutral axls passea through the center of gravity of the vir-
mal area., Thus
E—%—.%:nﬂ.s{d-zj 251
‘ron which .one can determine z,

The center of compression E lies on the center of the stress tri-

naua:uprz,ghtp:ramidﬂl Euu' It lies on the middle line N o™ at

height 'LT /4 from the base R K, c.

The arm of the intermal forces ia therefore Elven by:

Jﬂzﬁ-—f 2=52
We have further:
M=Ty,=4 0, (da=% . or
o
g = 2=53
B
A (A= 3)

bzeg}:éd-g—]
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If the triangulsr section ia act

nide Jiber of the cozpression zone as siown in

zompression sone will be trapez-
zidal and the compression O is
Given bys

b 5 (t =300

_ o
C = T

“te ceater of coopression is
4% a distence ¥ froo the base of
t“he Trizngle; whers

t-é

oo & L& B

Y = . B - T 2=550
3

ing oash that

254

“8 base is the out=-

Pig. 2-18, +hen the

Fiz. 2-18

The arm of the internal forces, Faer» 15 piven by:

g =2 =7

2=

=

=]

The stresses can therefore be caleculated from the bagic equations:

Eﬂ = - J'_v ﬂ‘l:.‘- - ook
= i - Bog (f - ,J r
(5) Sraphical determinatior of stresses

-
=

o

in cocplicated forms of sections, it is generally net possible to
derive easy relations for determining the stresses, In such cases i

gmapaical aethods mey be used, flg. 2=19

| 2 Al nas nL; a; a, 33
; g - -
1 2 P 1 - [} T G
'!' s |/,‘= ..é: S —.i \\.\ i / F‘fu_;?}:? f'f,;{,;;:j;f - /
f__'_ ﬁl_'" L; \# || & s
g S £ 1 r I :ffﬁf;?f
{ Db | \\ 5l
d ; R — | L
r =
|
| .
' |
-L — . .":Lg L - :II = :B

Yife 2-13 Graptical determination of gtresses
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In order to determine the position of the aneutral sxis of B sFo-
metrical section, one can nroceed as follovws:
a) Divide the area of the sectlon into small strips of areas a,, a,,
‘3 R = E'l-lcl
b) Consider the ar=a of each strip as 2 force acting in Iits center of
gravity and parallel to the neutral axiss; the steel is to be inurod-
gced with n times its area.
¢) Draw the force polygon, polar diagram and link pelygon in the man-
per shown in Fig. 2-19.

The neutral axis passes through the point of intersection of toe

last rays of the link polygon of the compression and tension element-
al areas l.e., point D.

The statical moment of the conecrete and n times the steel in co-—
pression as well as the statlcal maoment of n times the steel in tem—
gion about the neutral axis is, according to the shown constructiocn,
equal to: HE x T D .

Having determined the position of the neutral axis, the stresses
in concrete and steel can be determined from the followlng relations:

Wz i Pl = =
g, = y. = n,-iI;f_*l 2=53
e Iy " v

in which
In? = the moment of inertia of the virtual area about the neutral
axis =2 Hx area A B D,
The proof for the above statements is aa follows:
Statical nonent of any elemental area (say EE} about the neutral
axls is given by: 5, = a; Fo.
The two hatched triangles being similar, then

%IRRTy T o T RN N "y

Therafore, the statical mament of the virtual compression zone iz giv-
en by:
Sy = B - E‘ﬁ; 2=59
Moment of inertia of any elemental area (say a,) about the neutral
axis is given by: I, = a, 3%. But a, ¥y, = X, Hi then
L=x 7 H=2H, area of hatched triangle (2) and
L.w2 ¥, area ABED 2-50
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@) slibiate strenzth apalysig

The analysis congidered in this section is linited to that nomal-
1y adapted by the aodern design methods, That is, the stress dictrib-
ution of concrete in conpression is as glven for stage IXI, waieh is
vhe stage representing the ultimate resistance of a sestion or itas
"ultimate strength™.

48 nentloned before, analysis is independent of +ha deslgn peth-
ods znd aay vary only with the extent of the idielizations nads %o
5inpliZy the observed material properties.

(1) Idealized properties of concrete and reinforcing steel
(a) Peinforcing steel

O tg/en© T kglca
3 rz/om s KB/ =
5000 : v 3 st. 50/55
o J"f f &2 /50
¥ 4000 7 -
35/50
gtmrhﬂtfﬂ ; 3000 [f{ | .
| I ; ' 3
| | 2000 ' 23/34
| | /| i
| | 1000 .
| i / |
' ' o e 1
o 5 10 E{mm/m) 0 1 2 3 4 5 €, (on/a)
Figs 2~20a Stress-strain relation- Fip. 2-20b Stress—strain rela-
ship according to CEB tionship according to DIN

Characteristic strength, for caleulations according to CEB-recom-—
Zendations, is referred to the yield gtress, f:i" of the steel (appar-
ent 11ait for mild steel or 0.2% proof stress for cold—drawn steels).

Por all steels currently used in reinforced conerete comstrustion,
“he stress-strain relationship may be of the fora shownm in Fig.2=20a,

The new DIH 1045 (published 1972) give the characterdistic relation-
sbhips shown in Fig, 2-20b. It is assumed here that the mariaun eritic-
al strain is €y = 5o o

(b} Concrete

Aceording to the new DIN 1045, the stress-strain relationship of
the caopressed zone to be considared in the design nay elther be ass-
uned of the parabolice rectangular form, Mg. d=2le, or of the simpli-
fied form shown in Piz, 2-21b,
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I
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|

Dax. Ec Ecnm,.-ﬁn o la35 make €, Ec?_"..-":t

Fig. 2-21 Idealized coneretes stress—strain relationship

The maxrimmm compressive strain (max. €q 3} 1s assumed 3,55 for cases

of simple bending and eccentric forcas with big a-ucuntriciw and 25
for cases of axlal compression.

Agcording to the ACI (312-71), the maximum coopressive strain is
dgsumeds MmaX. -En = E__._Eﬁ-.

The MESCO assumes: max, €, = 200 o

(2) General analysis. Avplication to rectansmlar sections
with tension reinforcements only.

It has been stated before that at ultimate loads the stresses and
strains are no longer proportional and that their distribution om tae
compression side of the section is of the same shape as the stress -
strain curve.

The failure of the section can be caused in one of two ways:

(a) If moderate amounts of tension steel, corresponding generally <o
economic deslgn, are used, the faillure will take place due to Fizld-
ing of the tension steel. it that stage, the reinforcement yields sud-
denly and stretches a large amount, and the tension cracks in the con-
crete widen visibly and propagate upwards with significant defornation
of the member under consideration, Then this happens, the height of
the coapression zone is reduced and the stresses are increased to such
a degree that crushing of the concrete takes place, Such yieldinpg faijil-
ure 1z gradual and is preceaded by sufficient warning such as the wid-
ening and lengthening of cracks and the marked decrease in deflection.

In this case, the use of high grade conerete or caupreasion steel
does not Inerease the moment of resistance of the seetion and that at
failure the stress in the tension steel is egual to itz yleld stress,
:‘?. and ayv the same tize the maxiour compressive stress is egqual to

the maximum resistance of copmerete in coupression, fc?.
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(b) If large anounts of reinforcament or norsal aoounts of stesl aF-
hizh strength are used, tThe coupression stronsin 0f conerets i3 reach-
ed before the steel starts yielding and the concrebte fails by crush-
ing.

fectangular beams Ffail in cozpression when the maxizoum concrete
strain EE reachas 2= 5.,

Compreasion fallure through crusaing of conerete is sudden, of an
alnost "explosive™ mature, and occurs without warning; hence it is +o
be avolided.

The analysls of stresses and ultimate strencth of reinforced con-
crete sections has been treated in different ways. One of them, recoo-
mended by the ACI, is shown in tha fu%lcwing:

f = prizm strength i Eﬂ
L T—r
of concrete { 5 1
o = 0,72 e I
B = 0.u25 I
2 |
for T 280 kgfem 4 I
¢P<' is'._.__ — o s f_s SRR
5"_‘:;"’13

Fig. 2=22 Distribution of stresses and stralns at failure

Let Fig. 2-22 repregent the distribution of the intermal sirssses
and strains when the section is about te fail, It is reauired to de-
termine the ultinate moment Lsu at which the section willl fa3i]l eithearp
by ylelding of the tension steel or by erushing of +he coner=te in
the outer compression fiber.

The section fails by yielding vhen g, = f,y which is aggompanied
by cra=shing of the compression zone when E. = €.y = 0.003.

Tt is however not mecessary to know the exact shape of the conc-
Tete stress distribution; what should be lmown, for a given distance
z of the neutral axis, is (1) the total resultant compression C and

(2) 1ts location, i.e., 1ts distance from the guter coopressisa Sibor,

In a rectangular ssction, the area in cozpression 1s b z, and the
total coapressive force on that area can ba exoressad ags

G .= Ea b z, where t. ay, 1% the averags coapressive stress over
b z.

Loy aen o e = il = b, - .

Lssuming ¥, o/ - ol then G =l “ep D 2
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Por & given distanse z to the peutral axis, the location of C can ba
defined as soae fraction Fu of thisg distance. Thus, as indicated in
Tig., 2=22, for a concrete of given strensth, f._, 1t 15 ocly necess-
a-y o mmow ol and [3. in order <o define c:uﬂplet;;l:r the affect of e
concrete coapressive stresses,

Tor concrete grades below C350 {fc_:‘ = 280 Er.g..-"mz}, we have:

mma ultimate streazth can be calculated from the laws of eguilib-
riiu and +the strain coopatibility relation (place sectioms Gelore bDen-
ding remain plane after bending).

In considerizg sizple bending, equilibrium reguires:

C=m or E’-fcgbazlsﬂ'g 231

Tyxternal moment equals moment of intermal stressez, hence,
i.i:l’yct=.lsﬂ;{d-{33} J=32

and
ﬂ=ﬂj¢t=ﬂt:apbzfﬂ-—[ﬁz) 235
©he copdition for tension failure by yielding is T, = I, with € ";;EF.
Substituting this value in eguation 2-61, we geb:
- & -

z_.&a _F;’t‘.:tfcph 2=t

For conveniencs, the following non-dimensional parazetars are intTo—-
duced:

= 2=55

fj"'ffnp=F .lgfbﬂ. ‘1- e

then, eguation 2-54 can be rewritten in the forms:

;-HP&IH- 2=5D

The ultimate moment for tension failure can now be determined by =li-
minating z from eguations 2-52 and 2-653 thus,

M, =4, 2. @ =-PpLrot) 2-67
For of= 0,72 and {.‘;- 0.425, tois expression becomes
u, = A f,dil—ﬂ-ﬁ‘??t*) 2-57a

For campression failure, the compressive strain in the soncrete
ig also given by £ o = 0,003 3 meanwhile, the steel stress T, renains
proportional to the steel strain £ ot 1.8.,

Een 0.00 2-58
A = ﬁ"-_‘iﬂ‘tﬁﬁ' a
& F e T, 7 £g + 0-005

I =
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Ta2 ulyizats noaent of a reinforced conerets section retaforced =

heavily that failurs occcurs oy cotsression in the concrete can pe then

obtained by solving Zga. 2-565 and 2-51 to obtain the walue of & Voen..
substituve that value in%o 3Ign. 2-43,

I iT is recuived to detsirmine %he balszced shesl ratio K. giving
Tae anount of reinforeement necessary to oste the beel £3Il by crmizie
i0Z o conerete av the saze load wiich causes the steel to Figld, oze
needs To equate the riZht hand side of equation Z2es55 o +hat ol equa-
tion 2-58, ome gets )

ul 'l.'_':_{ 0. 205 s '_:._EE'
Fh ™ ¢ T

-
-

-
subsvitutiag ol= 0.72 and g = 2100 000 kg/e=®, eguation Z=59 can be
T T

swritten in the for:

.72 8300
Po = 9= » 55— .

Ey

17 spacified 4ozt +he Tension-stesl-ratio shaould be s3aller than 0.7S

Lo oxder fo ensure Fileldins—izpe (duetilie) failure, it is zemeral-

tle balancad rasio Moy

(3) Zguivalent rectancular stress block

It was noted in the Drevious investigation that the actual zeomet-
Tical shaps ef {the conepste compresslon-stress distributiop varies cop-
siderably and that, in fact, cne needs not kmow this shape exactly ,
Drovided one does Ymow two whiags: (1) the nagndtude of ¢ and {2} 1%=
logotion, Inforaation en these two quantities wag obbained from resuls

0 experinental paseareh and expressed in two parizgeters & and 8,

The actual siress—distribusion w111 be replaced by an eguivalen*
cne of some giznie gecaetrical shane, nrovided “hat it zives the sams
Sagnitude of € goolied a+ the same locztion as in the acual Dexber,
WAL 1T 1= on tze point oFf Tallura, Tha Tectangular distributicon DI O—
Posed br Tnitney is shown in Pig, 2.25 for a beam of rectarmilar cpos-
SeCtion zade of soperets < C350 with & <, 280 .":E:'_‘,,.-"E‘_"E.

It is seen that the actual detribution 1g reblaced by an equiwnl-
ent ons of gimzle Tectangular outline, The intensity of +hie and Fore
2nd constant equivelent compression Jtress is 0.55 £ am ACTIag over a
Part of the section of depth 7 = 0.85 z, where ¢ iz the distance %o
toe acual peutral axds. T i3 in no way maintained that the compress-
lon stresses are actually distributed 4n “als Dost unlikely nannar,

% s painsaines, Bowever, that this sguivaelent dstribution gives the
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mswers just derived for the actual situ=tion,

" 0.85¢,
252 i v ——— Ry £ W
{ T=L485z BV =
e /=L -53 b3 Ei E -ui -r-'.-._-__.f__'—b
= i ! {‘ i —— — '?’-"31:#‘:,
| i Ea -—J-c.:‘:
5'1| ]
J |
= : T
|
Agtnal Zoulrelent

Fig. 2-22 Stress-distribution at ultizate load (for £op 280 kg/en”)

In a rectangular beaz of width by the egquivalent uniform COnDTes5—
ion stress, 0.85 :GP' 4cts on an area ¥ b, so that the total co=DIress-
lon force is

C = 0,85 rﬂp Tb 270

If we express the depth ¥ of the rectangular stress block in terms
of the distance z to the neutral axis as assuned, that is T = 0D.85 =
we obtain for the campression force the magnitude:

C = E":ES fc;p‘-' 0.35 2z b = 0,72 ch z b 2=70a

woich 13 the same as calculated fraom the actual diagran for o = 0.72.
Further, since the centroid of a rectangle 1s at mid-depth, the dist-
once from the compression edge to O is evidently ¥/2. Again the dist-
ance froa top fiber to compression resultant i= Eiven by 0.5 x 0.85 2z
E 0:425 2y which 13 the correct distance for F;m D.825, '

This rectangnler stress distribution is easlly visualized and its
geanetrical properties are extremely aimple, many calculations can be
directly carried out withont refarence to thepreviously given egquat-
lons as can be seen in the following example.

Illustretive exazple: Pig, 2-23

It is required to determine the wltimate fallure moment €4, of a
bean 25 cas wide and 65 ems deep . It is reinforced in tension only
by 15 ca® high grade steel with £, = 3600 kg/en®; the concrete quali-
ty is 250,

Datas h:_aﬁm T =65 ema d = 80 exs AB=15 unE 3
£, = 0.80 x 250 = 200 kg/cn® and £, = 3600 ka.-"cma
FE A.E JFbds= 15/25 x 69 = 001 EE 2100 +/en
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Zag denth ¥ is to be deternined from the condition 2 = T, Fence
D.85 f:‘g s A A fF or 0.8 X 300 x 28 ¥ = 15 x 3800
z3ving ¥ A2,7 cos i.e. 2 = F/0.85 = 12.7/0.85 = 15 cos

Io crder te izZoow whether the bean fails by yielding af the ten~
sica steel or crushing of the cozpression copcreta one has 1o ==
whather €. 15 smaller or lurgar than . (0.003) at the instart the
steel starts yilelding, At that point, the strain ig steel ia:

EF =%,/ E, = 3600 / 2100 000 = 0.00172
From the simdlar triangles of the strain diagran, we get:
€, =€z / {d—= 2) = 0,00172 x 15 / (&C - 15} = 0.0005484 £ 0,003
derce, fajlure will be initiated by Flelding of the tension atesl.
The ultimate acmant ’%. is therefore given by:
Ay =4, £ (4 = 7/2) = 15 x 3600 (60 = 12.7/2) = 29 x 107 ¥z cn
The balarced steel ratis Py can be caleulated from the condition

that at the moment of Fielding £, = EF = r}, F Es = 0.001l72 and the

straln of concrete €, = Ecu = 0,005, EZeace, from the similar trian-
gles of the strain ddstribution, we get:

2/ d=z=0.00% / C.co172 or T =38 cus

ard T = 0.8 = or ¥ =0.85 38 = 32,3 peag
The corresponding internal tension or coapression is given by:

T = Ca0.85 fm::- ¥Fb=0.8 x 200 X 32.3 x 25 = 137 000 kzs

The curraspaudi._ng area of stesl is 4. = 137 000 / 2800 = 38 t:ﬂa
1.e. the balanced steel ratio is Pp =38 /25 x 60 = 0,0253
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(4) Uoper linit of resistine zoment

In order to have a ductils Zajlure, the ultimate no=ent due to the
coupressive stresses in the corcrete is li~ited to the valus t:at cz=n
Ye resisted by a balanced sestion.

For a rasctangzulsry section, this moment can be ealeunlated in the
following macner:

4% amaent of failure, the maxri~um strains in concrete snd steal

are £, = 0.00% and Es =E:i'"

dccording to equation 2-58, the position of the neutral axis is
gliven by:

0.00%
Ty T w - - - d = d
] J.F fr —lIH + G‘qu s
raere 3. = 2100 000 kg/en”
fnowing further that: 7y, = 0.85 z, = 0.86 ¥ 4 and

(Tepdy =4 (L -0,425 % ) = Na

Gy, = 0.85 ,.Eprbh*.tﬂ.ﬂﬁ fc?:a.aﬁ gﬂ.bnu.?:zrcp Sd‘b and

! 2
In the following table, we give the resistinz manent of a belanced
aection “tuh for different qualities of steel:

L
T
Ei /e R=2/a | w/a |M=y /e % b
2400 0.724 | 0,611 0.695 0,519f,.bd [ 0.361f, ba~
3600 0.536 0.541 0.730 0,460 ,, 0335 44

Whitney assuned a balanced bean would carry: :u"'“ 0.330 £ - 3 -

en
=
independent of f_, provided f_ 5 2 200 kp/cn”.

I-l‘
The CZB assunes that the value of the
ultinate coment due to the coaoressive
stresses 1n the concrete (apart froz +the
c¢ontribution of any coapressive reinforce-
aent provided) is linited to the valus of
the aacent (with respect to the reinforce- -?Ef-aifﬂpj
ing bars in tension) of the force acting Fig. 225
upon the Ltotal effective section asstmaed

£2
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to be subjected to a uniform stress egqual to 0.75 of the maxi-im avew
rage conpressive strength of the cozcrete (0.85 fcn)?

The introduction of an upper limit to the ultimate aomernt is egui-
velert to gradually reducing the concrete stress from %he averace coo-
pressive strenzth (0.85 rcﬁ} to 0.75 its value according as the depth
of the compressive zone increases froa a certain linit value (at whieh
tois upper limit of the noment is reached) until it becomes equal +o

tie effective depth d (=ee Fig. 2-24).

The upper linit of the ultimate noment is equal to € y_., so that,
Tor a rectanzular section , thia becomes:

fupmer = 075 (BS £, )b @ /2 =02 b 2

(5} Rectanmular sections with double reinforcements
In sections of lizmited depth, it may happen that the concrete car-

not develop the coopression force required to resist +ha given noment,
In this exceptional case, compression reinforcenent nay be added.

For increasing the ultinate mozent of a sectlon, compression rein-
Torcement is required cnly when the ratio of +he tension steel is lar—
ger than the value 0.75 W . However, there are situations in which it
i= used for reasscns other than strength. It has been found, for exam-
Ple, %that the introduction of some compression reinforcement. reduces
tis long-tice deflections of beams. In addition, in some cases, bars
will be placed in the compression zone for sooe cases of heavy live
and rolling loads or as stirrup hangers. It ia often desirable to have
a zmall aoount of such reinforecements in flexural design.

If in a beam with double relnforcements, the ratio of the tension
reilnforcenent F,ig gxaller than or equal to “;PE.PE' the effact of the
conpresslon reinforcenant on the ultimats moment ean be neglected. The
strength of such sections will be controlled by tesile ylelding,

If the ratio of the tension steel is larger than D,?E}Jb. the unl-
Tinate moment of a rectanpgular gection with doubls reinforcenents can
De determined in the following manpers Flg. 2-25.

Assume for the moment that both lB ﬂnd.ag are stressed to IF at
fallure, and that the ultinate moment is composed of two parta. The
Fflrst. part, ﬂul‘ i= provided by the couple consisting of the foree in
the compression steel l; and the force in an equal area of tensicon
steel. Thus

H‘u_'l.-'&é .f? (d = 4av) 272



2
—t—Fi-l_.-"-r.E.-'ul"'!;
e
:.-"-:_'_-:_.-E.-_.-'.-"'_,d
o, P _.r.-::
d E e r a

AT
0

|

|

o'

=

Es ! I
2,

Figs 2=25 Rectangular sectlon with double reinforcenent

The second part, M 5, is the contribution of the remaining tension
steel (4, = Al) acting with the compression concrete.Hence

Hp = (4, - a8) £ (a4 - ) 2-73
The depth of the stress bleck y is deternined in the nommal tnay
from the reletion: C =T or 0.85 fﬂP vb = {15 - A;] 1} l.e.
(A, = 21) T
= 5 5 E'ﬂ"i L
¥ = - ¥ i T_-cm 274
Azggiminge H:.—‘LE r bd,, |l..l.' =J.L§ / bd and P = fF ! fﬂ_ﬂ s ¥ can be re—
wfitten as: =
¥ = [:P' ;#J:;I;} P . d E—?:l-'ﬂ

The total noment X 1s therefora
My = Zoy, ¥ B 2-75
This development ds predicted on the assumption that both tension
and coopression steeal are at yleld when the beanm falls., It is bipghly
desirable that failure be caused by tensile yielding rather than by
the crushins of the concrete. In order to ensure the same nergin agais-

st brittle-concrete fallure in & besn with double reinforcement as in
a bean with sinzle reinforcement, one should have

(p= pr) L 075 Py 2-75
whether or not the carpression steel will have ylelded at failure
can be deterotned, accordimg to Fig, 2-25, as follows:

Having determined z = 3’.-"0:35 and agsuming Ecu = 0.003, the gstrain
in the caapression steel can be computed from the straln dlagram, thus

_ i
Eﬁ = Ecu z
It Eé is bigger than l’:lT_fEE then the cospression stesl willl ba yilelding

at failure, otherwise, the contribution of the coapression steel



.

could conservatively be neglected in the desim.

If 7 is bigger than 24', the conpression steel will geperally Te
yiszldingz at fallure,

Tn order to siaplify the calculations, the valuess.of D-?Ek*b
where bk, 15 glvern by equation 2-5%9 = are given in %able 2 for the
normally used gualities of concrete and steel,

Table 2. Tltigate st “ﬁng*h analysis. Balanced reatios of tersion stesl

1eld of suality 4 - 8
f: stesl, ot °2, P= = Fy C.75 ¥y
B . 7« e o concrate Tx/co cp
c200" 155 1x.9 0.038 Q0.0255
2300
c c250 200 11.5 0.045 0.0345
Z200 165 2l.8 0,021 0..0157
3500 i s =
c250 200 18.0 040254 0.0189

——— e e S e e e

Cl} A rectansular section with double reinforcaments is made of cone-—
rete C200; it has b = 50 cos, t = 60 cus, 4 = 55 cas, 4t = 3.5 coms.

Tt is reinforced by A, = 40 cz° and A] = 12 c»® nomal mild steel with
£, = 2300 ll:gfmz. Determine the ultimate mozent of the section.

[ R

o

Selution
P-n..il.s S bd=4&0 F 30 x 55 = 0,0242
Tavle 2 gives: G:?_S Ph = 00,0285 p |.L

Hence, failure will be initiated by ylelding of the tension steel and
the contributiocn of the coampresaion reinforcement is neglected.

We hawve further C=T or 0.85 IEP by=4a, I& il.e.
0.85 x 1685 x 30 ¥y = 80 x 2300 or Fm= El.a cria and
My =4, £ (=1 =40 x2300 (55 - 248) = 50,52 2° xz em

2 2

(2) If the same beam were reinforced by 4, =30 =@ and Al = 10 c=
high grade steel, determine the ultimate mumant.

Solution
f=30/30x55=0.0182 and 0.75py, = C.0157 ¢
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[} i = = ] X = —_ - .
g =10/ 30 x 55 = 0.0081 so that p- p! o= 0.0121 C 0.75 by

Rerce, Zailure will Dbe initiz<ed by yielding of the tension steel ani
the consrizution of the cozpression rein®orcezent will be considersd.

:ul:g;frfd-d‘}:zlﬂxiﬁﬁﬂ (55 = 3.5) = 18 x 10° kg =

Purtzer C =T or 0.25 fcp by= (i, - al) T f.€a
0.55 = 185 x 30 y = (30 - 10) x 3800 giri==
7 = 17.1 =8 and z =7 / 0.85 = 17.1 J G.85 = 20.1

cos

and

1, = Gl = ALY £, (& = §) =20 x 560D (35 ~ 17:1) - 33.4 x 107 kg o=
As 7 is much blgger than 24' then the compression steel will Te

sielding at failure because in this case Eé +i11 be auch bigger to=a

£t / B, as can be seen from the following:

z : a* = 0.003 201l = 3.5 = 0.00247

€L = Sou i P
L
:J!, / Eg = 3600 / 2100 000 = = 0.,00172 < E-;

(&) AmLzs_:l-_s__n_f_i:_s_e“ajjﬁgy_m_u_e_asﬂ.i_@_;e.@;amga:;.t_s_

. —

The analysis of & T—section de—
pends on the ratio of the flange-
thickness © 4 to the total thlclkmess
t. The following three cases are
distinguished:

1) £, /% £ 1/12 or t { 8 cns

Tn this case, Flg. 2-26, the

stresses resisted by the flange may
be neglected and the section can be calculated as rectangular with

br‘&ﬂd.’th hq B i
— -!-I.. r#H— = 1 T=1552 }_E__E
2) v /%7 1/12 77 | _‘___Er—r—
and the neutral axis = | = T = C=.85%, 38
iz inside the flange & a ' - ér.
1.8ay = {ts l 'f

A . A T= 4_ .
In thi=s cagg, HE# E_ _ilsf-'l——-'——-—!‘—" gr—'—l‘-z—-
27, we hawve: 1 Bk

Fig. 2-27

C = 0.85 fap?B
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o .
or C=0.8 * 0.8 z32 =0.72 5@33 and T=“I”E
Thig neans that this case can be applied 1f:

ol L} - ke E_
J.:r 45{ ﬂ-'?? 'Ilﬂ’-l:l HE B ??
Zae section is to be treated as rectangular with breadth B,
3) ts.f't > /12 o
el e’
and the neutral axis _l—:’.
is outside the flanze 7 4
i-.El-' : > ts B
The first step in this j W
case, Fiz. 2-28, is to E_| N s 7
deternine the position
ef the neutral axis,
issunings for trial
ourposes that 1t liass
in the compression flangs, then
a, T
0.85 2 =7 = T
L up
issuning further .l.srp.Bd. » 2z can be given in the form:
,':i.r d _
zZ = E—PEII__ 278
L] np

If z iz equal tnnrmallﬂrthants. then the section behaves as pect—
ansulﬂrarwiﬁthknndd@thd, I.f:iasrurbarthants, one can pro—
ceed as follows:

Divide the total tensile steel into two parts. The Zirst part 4, rep-
Tesents the st2el area which, when stressed to fI’ is required to ba-
lance the compressive force in the cverhanging portions of +he Lflange.

Thus UeB5 £, (B =1D) ¢

The ferce ""51 :I = 0.85 f:-.p (B - b) t, _un-l:n with a lever am I'.'E; - };ﬂ:g}
to provide the reslisting moment

My =4, & (@ - ) 280

* It has been assumed here that the strength of the T-section 'is con
trolled by yielding of the tension steel, This will usually be the
case, because of the large compressive concrete area orovided by the

Tlance.
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Tha maqaicdin= ztecl area 4 _r 2t A z+tTegcs ;I' is balanced by the =ons
oression in the rectacznlar portisa of +the bea-, Tha depth of +the
aguivalent recizzzalar stress block in this zone is found <oom b
aguation of eguilibrium

D 52 "y
whars
.#4.52 - 5‘5 - a5
hance (:
. £
o, SRS "51'1'=| I =
JF = Crcs 'ri:p S e

The force I:.:'LE - .:'LE]_} f-? = 0.35 f::p ¥ © actlaog with a lever am (d-\y)
provides the resisting acoent:

Spp = Ay mA) (2 -2y 2ug3
Phe total resisting mooent is:
Za =T v B 263
o
MymAgy S (@=RE) 4 (g =agy) & (@=ji7)  2-23a

It is desired here also to ansure that the tensile atecl will be
yielding prior to sudden crushing of the compression concrets, heace

=

p=4, /04 and fi1=a,7/0b2
we should haves
B =t S 0.75p, 23
({For values of ﬂf?ﬁr*b refer to table 2).
Ilustrative example =, = B pul
5 Nt e | 1
It is required to determine the ulti- — :
mats ooment of the T-sectlon showm In Filg. ' [
E-E? iF 1t ia madn af concrete C200 with d=b0cn
= 165 kgfm and reinforced in tension
uniy by 50 cm high grade steel with fr
5600 kg/ca® . The beam is continuous at h5=4ﬂcn2
its both ends and has a gpan of 6.0 ms. l:"—"ﬁ
The distance center to center ribs is 2.5 b=25cn
=S ..-.T-h.-_T
meters.
£ - E--E

Solution
According to the cods of practice, the effective breadih B is
.the ninimm olt



-

T2

A

121 ==

200 =5

I.Eﬁs-h'b * 3+ 25 =

Distance C.L to C.L ribs=

1/5 distonce between points of zero pending oggants; or

1/8 = EI.?E x 500 = 152 ecos

—a= flenze breadth is therefore chosen egual te B = 121 ems,

Agzune Ti-st that the neutral axds lies inside the flanse a=nd that
1.1:13;“3&:11-93’].‘2119!]:'3?0055? 50 that
.o P25 000257 x 3500 = 90

?Eh:-—{m = o P e = 10 czs t, =8 eos.
0.35 =._ (2 =h) ¢
i s =7 g8 _0.25 = 155 = 95 = 8 2
%
M., =ﬁ_$l £, (6~ 77) = 30 x 3600 x 96 = 92.9 x 10° kg =
l ) £
i = a3 (40 - 30) x %560
J ’ﬂ"ﬁ; ""“E_I UeGD X 1D7 X 29 10.3 cas

(Ag = 24) Ie (4 - 5:’

= 10 X 3800 x 24 .85

Tas

My

Check for ductile failure:

P-4 arsp,
PEAE /b ﬂ.nﬂ-ﬂfﬂ_ﬁt%iﬂ-ﬂl‘?ﬂ
M =4, /b d=30/25x90 = 0.0133
Table 2 gives: 0.75 Fh = 0.,0157
Therefore, ductile faflure 1is ensured.

tital ultinate mooent is therefora:

=%l+ﬂua=93-9+§ﬂuﬁ=123-¢ mt

(40 = 30) x 3600 x (30 - 13+3)

= 30.5 x'10° kg em



2.56- SEEAR AND DIAGONAL TENSION

The distribution of shear stresses and the corresponding princip-
al stresses due to the combined sction of shear and flexure in hozog-
enous elastic bodies has been showm in section 2.5 a.

Sush distribution in reinforced concrete depends, among other
things, oo the stage of loading, the ratio of the shearins force to |
bending noneat, the ratio of tension steel, .ee.. etc.

Shear stresses with or without normal stresses canse principal
coapressive and tapnsile inclined stresses. Te are most interested in
the distribution ard magnitude of the principal inclined tensile st-
resses as they cause the failure of the concrete if their mepnitude
exceeds the tenslle strength.

a) Zlastic an=lysis, Foncracked linear stage.

At this stage , the stresses in tension and comupression are low,
no crecks are developed in the tension zons so that concrete in ten-
sion can be assuned as statically acting and its modulus of elastici-
7 in tension and coapression is the same.

Accordingly, the nomal and shear stresses may be assumed +the
same as those of elastic honmogeneous bodies. The steel reinforcements
are elther to be neglected or to be introduced with n-times their erez
(woere n = EE;’EE assumed here, in stage 1, egual to 10). Hence
the normal stresses are given by: F=dy/f Iv wonere
IT = the nmment of inertia of the virtusl area about the neutral axis.

For detertirning the ghear strésses, consider an element dx of e
bean subject to varying bending modents & at a-e and Ledd at beb. Fig.

Fig. 2=30
v Hormel and shaar
fus. 1‘::3.': stresses in non-
gracksd lineer
stage

shear

2-30, Tha normal stresses on sections a-a and b=b will generally be
not esgual. Any horizontal pleane y-7 above the neutral axis will be
subject to horizontal shear T (equel to the wertical shear) due To
the difference between the normal stresses oo b—b and a-a2 above plane
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P ] e
e 051 s sioen by T =35, /1,0 2ETE

3 the statical zaneat of the virsual crosg=gectional area above
=7 about the peutral axis, azd

L
i

b Jreadth of sectiom at y-3

_.
i

:v is equal to zero at the outszide fibers of the section and 25—
roachag its aaxi-um value at the meutral axig, and Rapce the sassr
siress distribution will be as sharm in Pig. 2=30.

Tae prinpgival inclined ten=ils and compressive st-esses cza he
s=.culated by ejuations 2-18 and 2=149.

b} Zlastic analysis. Cracked linear stage.

~t bhizher load stages, ecrecks are developed in the tersion zone
valel will Se neglected —hen cooputing the nomal siresses, .11 t-e
=5ile stresses 2re assimes t3 he rasisted by the tensiss steal,
ccordingly, the distribution of the shear stresses In reicforced
concrete cracked elements will vary {rom that of hozogenmeous or re-
inforced coperete noncracked slements in the manner shown 4n Fig. 2=
=1

-t W

L]

"
-

IIr

1_'..'

Flg. 2-31
Aw ooramal apd shear
stresses in
eracked lipear
staga

Qo

D

Ll

-
F]
|

| dx iy
! normal at,. soear st.

The besic eguation for calculating the shear stresses iz 8 non-
craczed section can be applied to cracked gections:; ope has only to
neglect the cracked coperete in tension when caleulating 57 1nd'Iv.
{The modular ratio n 4n this case, stage IT, is assumed equal to 15)

Thus, the statical noment Sy Will aporoach its maxdimun value at
the neutral axis and remains constant below 1t, so that the part of
the ecrass section betwean the neutral axis acd the tension steel is
subject to shear streases equal to 15&: ouly because the pnormal st
Tesses In this zonearas 2Esmed equal to zern,

The zaximum shear stress in a rectangular gsection of constant
breaitk b ang deptl d subject to bending nement I apd shearing ferce
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@ can be directly calculated as follows:

AW dx = 4T but._ T e and
am 1 &Is e
= o— -
&S Fop & 7
tkerafors
T -
nax' = §-B 89

-]

-

3

In a rectangular section, one may assume Tor = 0.87 de So that

T max = 2=85a

The principal inclined tensile and compressive stressss can be
calculated from the relation

qy =Gy E 412

their Inclination©L with the hordzontal is given by
tan 20l= 2 L/Q

A% upper fiber T=0 and O=0, ; so that
ﬁ:ﬂ'c acting at an angle . = O, mdn'2=ﬂ acting at an angled
= 40",
Atthemﬂﬂa:inandhulniti:Tmmﬂ':ﬂ: so that

oy =+ T, and O, = = T_ = acting at ot = 45° and 135°.

This neans that between the neutral axis and the temsion rein-
forcement <the element will be subject to sinple shear causing prin-
cipal tensile and compressive stresses acting in disgonal directions.

The principal diagonal tensile stress 1s equal in magnitude to
the vertical or horizontal shear. In reinforced concrete desipgn, it
is generally called diagonal tension or diagonal shear and can be
calculated from the relation 2-85 .

The diagonal tinsinn acts in a direction parallel to the result-
ant of the shear stresses acting on a cubic elesent at the position
under considerstion as shown 1n Fig. 2-32.

S

gy .
[ ¥

Fig. 2=32 Determination of direction of diagonal tension
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Soz bee=s of varizble depth, the shear stresses can be calculated
in the follgtvdng nenner: rig. 2=5%3
It hzs been nroved that:

T
-— —
b de =40 ;

T

—]‘E o -.___
T:.E‘.":_EEE s --Jc-t I/
¥ 224 = _ baing not constant, _L

il

L
|
»
K |

hence, TE SEuE iz, 2=535 Beans of variable dep
- _:ct‘ﬁ_ﬁdﬁ':‘; 4 a2 1 ;. M Wep
.=l e = =S L= = =
Yo% o et
i Bl ay
=0 ©aat Qr
A J T -
ot - B [} -y, el
S =T Tex ‘et Yot
vhere
= L e em— >
Lnd = % Vot tanoe 2-3a

it is supposed in this equation that y_, (and d) increases with
the lncreese of Mj if it happens that the depth decreases with the
ircrzase of Y, the negative sign —ust be replac=sd by a positive tme.

Flgs 2=34. Eence
T Q—_._-M

22x = B y_, i

e
B.u.D. |
I
=ve sizn
b

Flg. 2=34 Sign of reduced shearing fcrce
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¢) Formation of cracks and results of tests.

Eetavior of diagonally cracied beans,

‘e becavior of diagonally cracked beams for different ratios of
beding —crent and shearing force and the results of extensive tests
carried out in the IS4 have been illustrated in "Design of Concrete St—
ructures” by “inter, Ufgubart, O'Aourke and Nilson zs follows:

E‘haﬂaannaltmimﬂ'ld:pmﬂmmhn‘ahﬂdenrmﬂm%.
“here 3 is big and I small there will be little flexural cracicng, if
any, prior to the develoment of a diagon=] tension crack, The aver—
age shear stress prior to crack fomation is

T=Q/ba . 2.zs

If 0 is ==all, the diagonal tension stresses are inclined at~-45°
and ars mmmerically equal to T with a mayi«m value at the neutral
zxis ., Consequently, diagonal]l tansion crecics form —oatly at or necsr
ke neutr=l axis and are expectad to forn Then the dlagonsal tecsion
stress at the vicinity of the neutral azds becomes egual to tha ten-
sile strength O, of concrete.i.e., in this case (biz 2 and small 1),
diazgonal tension cracks form at an average critical shear stress 'l-'-c:_
of about

waere Q.. is that shear force at which the formatioa of the crack was
observed,

Yhere Q@ and I have biz velues, flerural tension cracks form fir-t
in a well provortioned and reinforced besn, The width and length of
such cracks is well controlled and kept saall by the presence of lonz-
itudinal reinforcemexts . Sowever, when the diagonal tension stress
at the upper end of one or more of these cracks exceseds the tensile
st—ength of the concrete, ths crack bends in a diagonal dir=ction and
contimmes to grow in lencgth and width, At the instant at which a dlag-
cnal tension crack of this type dewelops, the average shear stress is
larger than that given by equation 2-88 because the preexisting ten-
sion crack has reduced the area of the uncracked concrete which is
evallable to resist shear to a value snaller than that of the uncracl-
ed area b 4 used in equation 2-85. Furthermore, O combines with © to
further increase @1+ Ho way has been found to calculate reliable val-
nes of the diagonal tension stress under these conditions.

Tests have showm that in the presence of large oaments (for which
adejuate longitudinal reinforcenent has been provided), the noainal
shear stress at which diagomal tension cracks form and propagate is-~
half the valus given by equation 2-89, i.e.
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15 is evident, then, that the shear at which disgonsl craclks de-
velop depends on the ratio of shezring force to bending nament, 2/,
or in nondizensional terms, on Q4/I. Zguation 2-89 gives the creciking
shear for very large values of 4/, and egquation 2-90 for very szall
values.

dpart from this influence of 3d/20, it has been found that incre=s—
ing amounts of tension reinforcenents have a benefitial affect in k=t
they increase the shear at which diagonal craciks ﬂ.ﬂ"nlup. This 1z so
because larger amounts of longitudinal steel result in smaller end
narrover flexural tension cracks prior to the formation of Aisgonal
craciting, leaving a larger area of uncraciked concrete avzilable to
resist nhaa.rf_

Behavior of diapgonelly cracked reinforced concrste heans,

In beams with longitudinal reinforcecent and without web reinfor-
cement, Ilexural cracks are permitted and are in no way detrimental
to the strength of the member. If members without shear reinforceaent
ere used, the dlagonal cracks that are liable to develop are much more
decisive in subsequent performance and strength of the beam than the

- flexural cracks, Two types of behavior have been observed:

(1) In shallow beams with span to depth ratios 2 8, the dlagensl crack
once formed, spreads either izmediately or at only slightly higher
load, traversing the entire bean from ths tansion reinforcensnt to
the compression face, splitting it into two and failing the beaz in
a pudden mode. _ Xy

(2) In deeper beans, the diag-
oanal crack, once formed, sprea-
ds toward and partially into

the compression zone but stops
short of penetreting to the

coopression face, Ho sudden R
collapse occurs and the fail- e
ure leoad is much higher than _ '
the previous case as shown in
Fig. 2-35, i

Considering the part +to b
the left of the crack, we get:

External shear QE:'I::R'PJ. ?
Fig. 2~35 Forces at dlagonal crack

Internal shear Ve = e + in beam without web reinforcement
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But extermal shear -mst bte ecual to internal shear; so tkat

- Yext = %ins
ani tharefore .
Shear resisted by concrete:r ., = Junp ~ Y = e =

::-_5 is wvery s—all as it is resisted by cover only . It oZUen causes
s=littins of the coacrete along the tension reinforcecents as shom=

in Fig. 2=35. dccordingly, we nay write:
W = Vpyr 2=91
Ffurther, we have:
Yextla = R X, = Py(x, = %)
Ciptlda =Ty T * LWp B

But = = Zy.04 and .y is ssall that it may be neglected; therelfore:

and

The formation of the diagon=l crack, then, is seen to produce tas
following redistribution of izternal forces and stresscs:

1) In the vertical section through a the average shear stress befores
cereck fomatlon was Q.4 / b 4. ifter crack formatlon th=t sxia shear
force is aloost entirely resisted by the ouch smaller area b y of the
renzining uncracked concrete. Hence, the averags shear stress in tae

conerete has now increased to: Rert / 27

2) The diagonal crack usually rises above the neutral axis and traver-
ses some part of the covpressicn zome before it is arrested by the
coopressive stresses. Consequently, the coopression force C also acts
on an area b y smaller than that on which it acted before the crack
was formed, i.e., formation of the crack has increased the coopression
stresges in the xz-ema.i.uin.g uncracked concrete.

3) Prior to diagonal cracking, the tension force in the steel at poirnt
b was caused by and proportional to the bending mement in a vertical
section through the sace point b. Asm a consequence of the diagonal
crack, however, the tension in the steel at b 1s now caused by and is
proportional to the bending moment at a. Since the moment at a is evi-
dently larger than at b, formation of the crack has caused a sudden
increa=ze in the steel stress at b.

4) The dowel actlon of q, causes bearing and tension stresses which
contribute to the tendency of the concrete to split along the bar to—



.
wars thx nearby sunpozt.
If the two materimls are canable of resisticg these increszed st-
resses, equilibritm will esteablish itself aftter intermsl madis~pitu-

tion, and further load can be epplied before failure oceurs. Such
foilure can then develop in rarious ways:

1) I steel at b is sufficient only to resist oonent at “hat saction,
tae increase of the steel force , in 3) above, till causze the steel
to yield because of the larger moznent &t a and thus failing th= beax.

2) If the beam is properly desigred to nrevent thig occursnce, the
concrete at the head of the crack may crush due to the hich coaoress-
ivye= and shear stresses.

%) Splitting along the tension reinforcement wealtens bond between st—
e2l and concrete to such a degree that the reinforcement nay pull
loosa.

Tn beams with no special shear reinforceamsat, the desizm is gzene-
rally based on the shear force ch or the skhear stress #rcr at which
a diagonal crack must be expected. (Refer to equation 2-30).

Reiaforced concrete beams with wel reinforcements.

Econcay of desizn denands, in most cases, that a flexural menber
be capable of developing its full moment capacity rather than havi=z
its strength limited by premature sheer fallure. Sudden shsar faill-
ures are not desirable. If the available shear strength as given by
egquation 2-90 (or as specified by a code) is not adequate, web rein-
forcement is used to increase this strength.

“eb reinforcement mey either be conslisting of wvertical (or inc-
lined) stirrups or bent bars as shown in Fig. 2-35.

~ —
N NS

Vertical stirrup Inclined stirrups J;Bunt bars

Fig, 2-36 7eb reinforcenents of reinforced concrete beacs

deasurements have shown that such reinforcement is free from st—
ress prior to crack formation. After crack formation, web reinforce-—
nents affect the shear resistance of a bean in three seperate ways:
1) Part of the shear force is resisted by the web reinforcements
which traverse a particular erack,
2) The presence of these bars restricts Browth of diaconal cracks
2nd reduces their penetration in the compression zone; hence increas-—
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1= = tha zmcracked concrete at the nead of the crack to resist ths com-
bined zotion of shear and compression.

2) 34i-—=os tle the longitudiral reinforcecents =ith the bulk of con-
c=ats; this provides some measuss of restraint ageinst the splitting
of cozcrete along the longitudinal rn..n:fbrcununt gend incresses the
dowel actlon.

'E:-bmnnrufthammumfumﬁmufﬂnﬁwl erzcks is
suite cocolex and dspends on erack confizuration (lensth, inclinatien,
and location of ths —ain or eriticsl cracks).-Fresent design practica
are based partly on retionsl analysis, partly on test evidence, and
partly on longiize successful experience. Research has furnmished io-
portant experinental data for recent inprovements in shear desizn and
analysis but has not yet resulted in a completely consistent ratlional
analysis of shear behavior.

Bea=s =ith wvertical stirruns:

The web reinforceaent being ineffective in the balanced bean, the
rzaznitude of the shear force or stress which csuses cracking to occur
is the same as in a bean without web reinforcement (as is given by
equation 2.90). Eguilibrium of the forces in the cracked section in
the vertical direction requires:

W+ F e 0sp + U = Yt xm
where n is the mmber of stirrups “Ltrst t |d
traversing a crack. =J__.L e o
Assuuing s = spacing between stir- "‘F' & ol
rups. Then (Pig. 2-37) e

Fig. 2-27 Forces at diagomal
n=h/s crack in beam with vert. stir,
At rnmnun-:,.ruglncm;mqa.nmi

Q=% +2i,f
qnmhmﬂlﬂﬂ.mmlﬂmuumitmmumtmuh
caused the diagonal crack to develop (glven by egquation 2-90) i.e.,

W = Uorr
Assuming further h = 4, then
A . £ 4
qu'qcr*'!tTL

and 2-93

W i, T
N Tga~ %t
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—eans with inelined stirmupe.

[
Froceeding in the same way as Ii‘\
in the previocus case, it is possi- L ™.~

ble to prove that: (Fig. 2-38) e

P e A T e

The ultimate shearing force and
tae ultimate dlagonal tension are F4g. 2538 Parces at diaz, s-ack i-
ziven by the relations: beza xith inelined web rfar.

A f_d
Qu=q¢r+ —EFE'—L{HIHBI*I- coso )
£ =k

. Qr:l. "i'st T
T = e—— = T
W =5 — ---—I.b = (sine +cosa )

For o = 45°, we got '&51; £ 4

W = +~:_;'h 2-0ug

and i, t
e st
u cr " b.g /
""'cr may be assumed equal to the shear resisted by the coopressicn
zone or equal to zero in preservative countries in which case, the web
reinforcement will be over—dimensioned, or any convenient waluse bet-

ween these two linmits. Leonhardt®proposes that TCp = chfEG for sihple
boams and = rcp,*}u for continuous beams,

Adccordingly, we get:

T

!
I

a) Under working loads: &

A

In case of vertical stirrups: T=T, + s ;' 2-95

In cass Jf bent bars or in- L o

clined stirrups at an angle =T, + ———a 296
b F

of 459, e

in which

T, = 0 or not more than 0.25 |:'ch

b} At ultimate strength:

I N
In case of vertical stirrups: 71, =7 _ + ﬁi 2-97
In case of bent barg or stir-) . _ . % ¥ 895
o o i g 'b =}
r™Ips at 45%i
in whiczh

Tep = 0 or not more than 0.40 1 rcp

% F. Leonhardt "fber die Zunst des Bewehrens von Stahlbetontragwerse”
Beton und Stahlbetonbau, He®+ 8 und 9 / 1965.
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T AN COTEREZI oM

Tha zaalwsiz of a Deinfamcei coucrete section subject to eccent-
—ic coapression varies 2ccording <o the eccentriclty and stage ol loal-
inz, Te zive in Yhe rollowizg, the =malysis of the nommal, sasar and
orizcizal stresses in the &iffarent stages: '

=) Zlestis amal—sis, Lanerscizad 1 insap stepes In eceanmiris coso-
nession wifh 11 eceestricity

The followiang 2nslysis epplies to sectioms subject to eccantxis
saapression with small eccextricity and the section 1s nov eraczald,
Mhds w11l be the caze 1f +the normal force i lies 1lneide the core aof
+he saction because the whols section will be subject to compressis-
stresses, or if I lies outside the core of tne section but not far Z=:z=
it. In this new case, the secticn will be subject to small tensile
strassas; if these stresses are smaller then the mppture strenstis of
concreta, the section will not be cracked.

In both cases; the whole section can be assu—ed as statically zct-
ing, The normal stresses can be cooputed from the egquations of laviser,
nanely: (Fig. 2-33)

e e
Ope-f-—r2 ama o a-L, 2 2-90
I; = “v “r
| n .
'Y
e
c:h- L]
Fig. 2=-359 r
15
| G ___&_3-{

Stresses in a section subject 4o eccentrie conp. with small ece.
whare

4, = The virtmal area of the section = A .+ 1 {,‘.3 + l..;}

Iv- = The noment of inertia of the virtmal area about the c.g.-
axiz of the section

I = Formal force acting on the section
e = eccentriclty of normal force from c.g.-axis

7, &nd ¥y, are the distances of the extreme fibers fram the c.gZ.—
- axis.



Application to rectanzular sections

4 rectanzular sectlon can oe treated according to the zkove nethod
i I lies inside the niddle two thirds of “he saction; in which casae,
*e have:

for e = /3

(- S

' 2 <
Stresses in a rect, sec. subject to ecc. cozp. with small eee.

apdlying equation 2-99 to the rectangular sectlon shomn in Fiz, 2-

40, =we get +
:Tfe+s}(-_,.--s}

H{a+=){§+=} i B

L
0, = — + and
- ey v 2" Ag ‘*-q-
in which s, n (A, - 41) a
E=.§n'ﬁrt+itu'!-+a.s'}
—here
Ev = statical moment of virtual area about the middle axis

'S
-:I..'

4 ; .
Azsuning; fl:ﬁ, }‘"zbif* f-%. ?ﬁ:% and u:fﬁ-,wignt
Arnin-ﬁn[.ﬁ.s+.ﬁ.;}=[1+nfu{l+u}]bt
Sp=n (A, =4D a=2aM* (1-2)0

t
MRDET e Sy n Al X1 - o)
=IT’E=I'+:1(;L I +a)

and 3
L=2F +vts®sna, (a=-2s2+nil (a+s)

=v ¥ [ L4392 + B A =0% + 0 pu(as 93]

In reinforced concrete design, the bending moments are generally
ccaputed wilth respect to the middle axisi so that 4 = § e. The stress-

25 can asccordingly be ziven in the form:
§+= 5{51-3) ;""

N 1 "
u'l-l:-l-lf{uqra}J_ =H[:v-+"“—'r—'-'-— + 4 -

v - v
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et

- - g - 1 !cq-ﬁ] :-:—
ﬂ'zzil-v-ﬂl:e+=} ;-r !:..'1_ 1;— —I—
the

Subgstituting for L, a.ud. the values given in 2bove relations,

T
e Eﬂt' |
O, = ¢, por + 0 ey d
! . E-lul...'
@, = ¢y 0 - ﬁ:{

- bt 'b“'
Thnmlnuufcl, ci.%ﬂc&&&ﬂmhﬂ&atEfuﬁ:ﬂtu
tﬂaﬂ'/ul .n"-:ﬂ}“‘ E=D-4tmn- 15-
b) Elastic anz2lysis. Cracked linear stage in eccemtric ecomp—
resgion with biE_nncun'lr"i-:ih"

In case of big eccentrieity, the section =ill gensr=lly be sub-
Ject to high Tensile stresses, and therefare, the assu-ptions asde in
case of simple bending will be wvalid. Fig. 2-41.

:' = i

Mg, 241

Stresses in a section subject to ecc. comp. with big ecc.

accordinzly, we have
1) Thamutth-memumkhuumlwmﬂ:tmﬂmlrmu,
or Joar=x (a)

zjnummammH;mmmmumwtﬁ-
ooment of the extermal normal force about the same axis; or

L#.rdi=l (v +-3) ()

Ii'uru:l. s S and ¢l refer to L. Ritter 'Tabellen zur Berechnung
von Eisenbetonkonstruktionen'., Verlag Leemann & Co. Zurich
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5) The assu=ption of Bermoulli being valid, we get:

E; 3 o, & z b, © &
Scuzticns & and ¢ give:
o = s - T I = O
in whdch
E':w = statical poment of virtonal =rea about asutrTal axis
Zguatiloz=s b and ¢ give: :
= O I = Oc
H{*f-l-l)n[;g;upciﬁiﬂ.-:— 13;:'2“:5-]'111. 2=102
in whicsh

In‘_-nnza::t: of lpnertie of virtual area about neutrel axis,
Dividing equation 2-102 by 2-101, we get:
T4+ Z = Inv rd EI“_ ' 2=105

Haying determined the position of the neutral axis, the stresses
can be co—puted by taldng moments of the extermal and intermal forces
about the tension and coopression reinforcements.

application to rectangular sectlonsa
Given N, v, 4_, 41, 4 and b. Required O_ and O_. Refer to Fig. 2-32.

Fig. 2-42 Stresses in a rectangular sectlon subject to eccen—
tric compression with big eccentricity-
The position of the neutrel axis can be directiy calculated from
equation 2-103, Thus '
T 233—51-:&1;{:-#.')2+n1*(d—:}2

'F-I-:.E—-:!I
owv 'h;z_l_n‘_;{'_q_l} -.n.l..-sfﬂ.-g-ﬂj

2=103
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asgu=ias T+ d= e, and v o4 A1 = @t =e zet:
22 + 25.5Ce 1) + 2.23(4 e _+ite!) - 32(i de_iatdtar 0 2-10%
e “*F s 3" "5"5 § \rgle ralifel) = ==1023
This equaticp gives z and can be seolved by t-ial,
faiding zcoments about the tension steel, we get:
z - ay
ﬂchgfﬂ-gj -!-J.; Ué (d = 47) iH&5=_.E
but
T =nog = ar
therefore
= 2 -
a!: > e 3 2104
=~ (d - 2) + a4l (z-4d") (a-4a")
O, czn be deternined froa the relation:
d -z
g, =1 n‘c Tei—— 2=105

A ar .
issuitaz =%, f"='5§' u:,ﬁf—, Y=3%, and l&:%-'..
the equation of the mneutral axls can be glven in the fomm:
e e e! e al
37 + 325G ~1) + §usmp(a® + 0 g®) - snpu(gf vapgd) = 0 2-103¢
The suresses O, and O; can, according to equatiocms 2-104 and 2-105 ,

be zZiven in the form:
i-! l

a, = ¢ ;::512 and 0, = S ;-.i? 2.106
whare
ﬂ-l=' " s
%: (1 —%} + n/uﬂ CS-—F’] (x ~B)
and
o = :1{1—5}-

2
i—(l-—gﬂd-n/ln{(g—ﬁ} {1—,5}
Values of ey and ¢, are given in sheets 6, 7 a.u.d.ﬂrurf.l' veryingz

fzm 0 to ® and e_/d = 0.8 (begin of big eccentricity) to m (siczple
bendirz), assuning n = 15 and P: 0.1,
Stresses 1n sectlons subject to simple bending can be deternined

from these curves. In this case H, =1 and Esf'ﬂ =o0.
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Appiication to T—sections

When analysing the stresses in a T-sectlon, one has to procesi is
Tollous:
1., If the whole section is subject %o cazpressive stresses only o<
cazoressive stresses and =1all allowed tensile stresses, the sauation
¢f Javier can be used.

2, Tf ths section is subject to eccentric coapression 7ish big eccent=
ricity and the meutral axis falls inside the flanze, tae suressas ca=
e deternined according to the cethods, foraulae and curves glven Zor
rectangular sections if the breadth of the web b is replaced by the
flange=breadth B.

3. If the peatral arls falls cutside the flange, the caioressive st-

resces betuesn bottom of flange and neutral axis day be neglecied.
“he strésses cen, in this case, be calculated as follows: Fig. 2-43.

Tiz. 2-43 Stresses in a T-section subject to eccentric forces with
big eccentricity

The virtual area 1s given bjy:

iv-Btni-n{l,-l'i;} 2-107
The center of gravity of the virtual area falls at a distance y fra-
the upper surface of the conpression flange, Thus

gti+n£.lnﬁ.+l; ar)
r_‘ — A? -

The ncuent of inertia of the virtual area about the c.g.—axls is giv-
en by:

B2 2 >
ar = 5 + o (4 +L;ﬁ"‘}-1q.325 2=109

2-108

I

Tie stresses are therefore given by:



E{:“Z;"'JT 7a
¢,=n[%-“f{d-:!)] 2-119
ﬂ"=n[r;+:i'—;(ra_df}]

In case of deep T-sections, with tension reinforcenents only, one
cen approxiaately agsume that the center of coapressi-n falls at the

center line of the flange, 1i.e, i

Fp == E!
isguning further that d'“ = average concrete stress in coopression-
flange, we gebi
By taking mooents about the tension steel:

11'15::‘:5“31:’1#

aE z s
%e = FE T =72 2-11
and by taking mcments about the center line of the flange:
Iu'n:'l'-ﬁ"ﬂ.l.s';w where a':vq-tnﬂ —e get:
%, = =& =7 B

Graphical nethed for determining the stresses in gections subject %o
eccentric uggz:auainn
mhe method is based on the condition of equilibrim stating taat
+he noment of the streases lhmtnn:n:d.uiﬂtqmtuthlnmt o
the ecternal noral force about the same axis, i.e. the nomext of the
mumwunﬂ.npummwshﬂh-puMutmmm of
+he external normel force ¥ 1s sgual to zexo. Eence

Crdi=0
3 n
but "'FnE;'-E then

0. | =
-

m%;&i-aar then l[;-;a.afuﬂ
Asgmming further :|._"d1.7='ﬂﬂ. we get I;fﬂil-ﬁ.



Tois relation neens that the statical aoment of ths vectors T {as-
sited ag elastic weights) about the nevtral axis is eaual %o zero.

~he detlod can therefore be Illustrated im the Zollowing steps:

Fig, 2=,

1- Divide the concrete area into strips parallel to the neutsal axis:
datorcine the area 'a' of each stris.

2~ =33ume the staticel zaent of the areas of these stzing (amd a-
tines the ereas o the steel reinforcenents) aboub the soizt of
az>lication of the normal force.as elastic weights acting in the
centers of gravity of each strip. i.s8.,

wi-nlal ri %-n.&ﬂ ::-é snebo

L

= Starting froa point 0, draw a force polygon for the elastic wei-
ghts w in one direction, and for w' in an ozposite directilon.
4= Choosing the first ray through 0 vertical, draw a poler diagran
with the polar distance Ha
5= Draw the corresponding link polygon. The neutral axdis passes thr—
ough the point of intersection D.
The stresses can be ecalculated from equation 2-101. Thus
o = g—’i and o =n Hid -z

o ovw
in which

ow
BW=L§-:M=LE-{3-1-JM=3L§-¢¢_I
[+ e “e |

Spy = £ 4, — effective ;lnat:l.u walghta (w + w')

dw

r di or

l.‘tl.?.l

c

_I_
o ¥
G ! "! % .LJ T4 Tp
n —
il 8 W
r a ~—
] -_‘&4.._.
O /n

71g. 2-44 Graphical detemmination
of stresses in sections gubjact to

eccentric forces



=115=

g} Th%izste stoanzih anal-zis
—

Tn ezcentriszlly co-gressed "e—bers, at loads epproaching the ul-
£i-pta, a nozelastic redistribution of stresses takes place. Tn coo=
nression zexbers, evea more than in beaas and girders, we ars inters-
ead in Yas carrring sapacily l.e., +he ultinate strength., Stoesses
and pizidity at service loads, waich govern deflections of flexural
—eabers, are of little interest Tor co-pression members, whose dellez-
tions or other service behavior need rarely be cozoputed. The elastic
stresses usndsr service lozds are, accordinz to the elastic TheoT
saien as a seasure of carrying cepacity by liniting thes to aporons—
4atm fractizzs of fcp and f?. Sxpericental atuﬂies showed, however ,
+ha+ gatisfactory corrslation of actual strensth with elagtically co=
oated stresses could not be obtoined., However, ways of calculating
4ltimate strength on the basis of inelastic behavior have now beea
develeped for sccentricaelly gocpressed nesbers as Ior other neabers.
mheir results are in satisfactory sgree—ent with exvenslve test evi-
dence. Increesinsly, in engineering practice, they are replacing toe
elastic, intermally incosistent aethods.

1If a rectanzular sectlon as that shovn in Fig. 2=45a 13 coOpress-—

ed by an eccentric force H, the steel and concrete stresses just prior
+o failure, i.e., at ultinmate load, are distributed in the mannear s510=
mn in Fiz. 2-45b. That is, with plane gections assumed to resein plane
+he streins are those of Pig. 2-45¢, which result in the shomm siTess
aistribution. Just as for simple bending, thals actmal i1 strirusion ean
be replaced, for purposes of calculation, with the equivelent rectanz-
ulap stress distribution (Fig. 2-:#5:1}, A larze nu=ber of tests oo col-
wans of a variety of shapes have ghowm that the ultinate streazits’

coaputed on this basis ape in satisfactory agreedent with test resultcs,.

fr A

ar

i
—

-] 4
o =]
%f’%

d 5
l

]
J—‘-{s‘.

2o ) ® o e (@)

Fig. 2=85 Ultinate stresaes in a rectangular section subject to ecc-
entric caapressiom’
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It is gszuoed jin Fiz. 2-454 that at ulti=ate lcad, when tke cone-

I

retve f2ils in campression, l.e., when € =€ =0.007, the coopression
stoal is Fieldizng i.e., c;:r? ag shown. For ordinary conditionz, this
is always the case.

Zquilibriu= between extermal and intermal forces requires that:

Hﬁ = GE * Ga - T

o
2=11%

“' - : L -
Hy=0.85 £, yb+ AL -4 @

4lso, the nonent of the extermal and irtermal. forces about the tension
steel Dust be equal. Hence
n, e, = 0.85 rr:P 7 b (4 =13/2) + ar f:r (d - 4r) 2=-114

Thkese are the two basic eguilibrium equations for rectaczular eccarn-
trically cocpressed meabers.

For blg eccentricities, failure will be initiated by yielding o
the Tension stesl, followed by a ghift of the neutral arls tomard the
coopression side until crushing of +the concrete causes & secondary
coapression fallure, Conversely, for small eccentricities, the conc-
rete oay crush while the tension steel aay be far “rom Jielding.

for any crcss sectlon of given dinensions and intermal strength
values, there ls one specific eccentricity e, such that a force azp—
lied at that distance will cause failure by sioultaneous yielding of
the tension steel and crushing of the concrete. For this balanced com—
divion, the concrete strain is:

L € = £u = 0.003
and sizultaneoully the strain in the tension steel at the instant at
which yielding camences is:

E-E-:EI:fI/EE

Froa the similarity of the triangles of the strain diagram, we gets

Eu 0..00
= Lrdy L r;?E;‘:‘%:nnz d 2115

The depth of the rectangular stress block can be determined frem eqQui=
tion 2-413; thus
EEH + (4, - Ag) 1,

= T 2_115
0.85 £__ b

4150, by definition of the rectangular stresa block, we have:

Ty =



=115=

Tatroducing this value inequation2-116, and using z, from eguation 2-
115, one can determine *he ultinate load under balanced conditions ,
Hu‘b' hence

Ny + (4 = 1) 2 _— 0,003
0.85 2., ® £ /3y + 0.003

d or

e 0.003 { :| )
T @07 2, ba - (4, =4l 2 2-11
up T TR e T /T, + 040C3 .U -

The eccentricity e, waich results in balanced conditions can <aen
be obtained from equation 2=114% by substituting :nuh for ﬂ' and Ty for T
and sclving for e_. Loads with eccentricitles smaller tn.a.n LIS result

in prigacy :;mpmasinn feilures at ultinate values lerger taan I,
loads with eccentricities larger than e, result in prisary tm_nn

failures at loads smaller than I i

Hence, if e, {e ab? failure ia initiated by =u=-:::-usiun of the con-
crete; Ll.8., wi:an E, = €y = 0.C03 and @ {.f

Tllustrative sexa-ples:

(1) It is regquired %o detarmine the ultimate eccentric loed of the
section showmn in Fig., 2-56 for an accen*‘r:l.citr @ = 50 gzs assuoing

2, = 200 wmaum £_ = 2400 ke/er.

Li-]
[n}]
i
™
i o
;-
i
]
ol 'p
"l
I
e

Solutions:
Assuning that failure will Dbe igiﬂ.a.‘beﬂ. by ylelding of the tension
gheel and 0, = 0 = :I-Emkg.fm,_'mm
T “"'a f:_nzﬂ:?..ll-l#‘ﬂ ton
Cq n-l; frtlﬂtz.ﬂ--all-tnﬁ
C, = 0.55 r@;’-b =0.85x0.2x307=5.17
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—ue to equilibrium betueen extermal and internsl forces, we aave

d, =0+ 0, -2 or
By =2% + 5.l 7=48=5.17 =24
i.e. :r_rru+24
5.1

-be zagnitude of y (and z) can be determized by talking noments about
“he noint of application of .+ That 1s,

T x 78 GS::EE-:-GE (7/2 + 18) or

2#1?3:24:22+5_..11E3f2+131 glring

T = El:E cas
Therefore

z=7/ 0.8 =21.3 / 0.85 = 25,1 ens and

Eu = 5.1 x 21.7 = 24 = E_E:Eﬁ tons

Thz shove caleulations can only be correct If the strain in the SO —
ression steel £ ; is bigger than 1ts yield strain -E:_.
£ = & = 2a4 = 1.14
T B. 2100 1000

5
1000 35:1 1000 1000

Zence, at the instant at which the ultloate concrete strain is reach-
ed, the campressicn steel strain exceeds the yield strain, verifying
tae assuoption that at wltimate load the cocpression steel is yield-

—N=a
(2) Aszsioing e in the Previous exanple is equal to 20 cus, detercing
tae ultinate load.

Thls problem can be calculated by successive approximations in
the following manner:

First trial: fesume F=38ema 1l.,0. z =38/ 0.85 = 45 cnas
The strein diagran Elven:

o s _
'Ea:"?'"'fnu so that
‘Es z

Jy = 2100 000 24— x 80283 _ 5150 4,2
1000 45
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Taling ocients about the tension steol, we get:
'Hu (20 + 32 = 8) = 0.B5 x 0.200 x 38 x 30 (60 = 19) + 25 x 56 - P
Hu = 194.567 tons
The summetion of the axial forces glves:
194,67 = 0,85 x 0,2 x y x 30 + 24 = 20 x 2,1 or 7 = A1.5 cms

Second trial: Assune ¥ = 40.5 cus i.,0, 3 = 80,5/ 0.85 = 47,5 en
O, = 2100 000 x =2 x 80=82.3 _ 1550 yo/m?

s 1000 847.5 _

N, (20 + 32 uqunD:ES:G:EﬂD:#G:ﬁD {55-'2::.1253 + 24 x 55
l.04 R, = 198 tons

The summation of the axial forcea glves:

198 = S«1 7 + 28 -20 x IIEE or ¥ = 40,5 cns
which means that N, = 198 tona ia the right answer,

Caleulating the ultimate load for balanced conditions from equation 2=
117, we f£ind

B = 164 tons » 85,6 tons and { 198 tons
The bglmuaﬂ height of the comopression bloek is, according to sgquation
2=116, zlven by:

cTupt U —43) Ty 1544 (20 - 30) 2.8 50 e

T
b 0,85 £, b 0,85 x 0,2 x 30

which is bigger than 25.1 cas of example 1 and smaller than 40.5 ems
of exmmple 2.
The eccentricity e, which results in balanced conditions can be

obtained from equation 2-114 by substituting N, = 164 tons for 'Ilu‘
and Tp = %27 cms for ¥ and solving for 8 e Henca

Euhﬂshnnzaﬁf@rbh(d-rhﬁ]+l;frl‘.'d-tl'}l or

164 e, = 0.85 x 0,2 X 37 x 30 (60 = 52) + 10 x 2,8 (60 = &)
or egp = 56 cms - and e = 26 cus

which means that, an ultizate leoad of 198 tom > nuh = 164 ton acting
at an eccentricity e = 20 cms £ 26 ems will result in prinary coop=

ragssion failure;



2.8~ ECCERTRIC TENSION

a) Snall eccentricity

If tie normal tensile force N lies between the reinforcesents 151
and 4., (Fig. 2-47), the whole section will either be subject to ten-
sile stresses only or tensilas stresses and small compressive stresses,

Flz. 2-47 Eccentric tension with amall eccentricity

In both cases, the concrets section will h-‘aauunad as statically not
acting and the steel alome must be sufficient to resist the tenaile

forces Tl_and :E' where

b) Big eccentricity
Proeceeding in the same BAnner as in case of sccentric compression,

wa gat:

1

H_L_ 1 N
Pig. 2=48 Stresses in a rectangular section subject to
eccentric tensiom with big eccentricity




wa gat the following relations:
Equation of neutral axis:

:5-:;2-5(- +d) -z 23 2 2 (4, o, + Al o)

e T A1 gt =
b {1- d."*.l.. d. ..} 'n -iii------: 1—1-?
Stresses:
L =
g = - 2=120
" b == =
- aa {d.-;}-rn.i.; {z — 4%) (4 = 4')

4 =13 2_121

Uy =a T

For a rectangular sectlon at fallore, we get thes following rela-

tions., {HEI -E-q'g:' a4 | q. e Tl
. .
T !
E3 8 |
o |o Lt . ¥ %
| -
-j— 1 Jl-l . = —r !:-—LEI_—. '-T
I
"'_E,_"'E ®s
El.l+ i-F'II.

Fig. 2=-89 Ultizate stresses in a rectangular ssction subject to escc-
entric tension with big eccentricity

Equations of equilibriom:
B =T =C_=0C

u = e
Qr
J“-DES“PJ'!:-&L'I "ngn 2=122
and
~H .0, = 0.85 £ ., ¥ b (d = 3F/2) + A} :*.J, {4 - 4ar) 2-123%
At balanced ¢onditlons, we havei
Distance of neutral axdis
0.00 2-124
:b - i 8 & - a
Eiigl:.t of ¢ reasion block
e (.l - i. 3L

Balanced normal tanaile force
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= Q.0
Tap = (g = 40) £, -~ 072 2 ba 2.1%6

ub 3 S5 J o

£=-9 Shear Stresses and Diagonal Tegggnn in Sections Subject to Zceen-
- tric Forcesg

&) Zlastiec analysis for the case of big eccentricities {Fig. 2=30)

— = -

— Ty

Fig. 2<50 Sheayp stresses in a gection subject to eccentric force with
big eccentricity

The normal stresses in Any section can bs given, according to the
nodified equation of Navier, from the relation:

i H a
o = -+ E‘-—E?
! T I
in which ¥

Lv = the virtua: ares

I, = the moment of inertia of the wvirtual ares about the axis passing
through the center of ETavity of the section,

Assuming that the Position of the neutral axris does not vary in
two sBuccessive sections at a distance dx, then, 4_ and I, represent
constant values, and

H de
do = ¥
“I;“
The sum of the sheap stresses acting on a horizontal surface cot

1s egqual to the differsnce between the normal streages °n A'CY and AC,
thus;

¥y
Tb dx = llI b dy dor or
g



=121=

but T

% = E"—-—xn = 9
and 72

L by dr =8

1
in which
'F:? = statical moment of the virtual area above CC' about the C.G.-
‘axis.
Therefore Q 5
T= I—E 2-128

This equation has the same form as equation 2-22, with 5_ and I -
inatead of 5 and I.

The value of 7y, is given by:

.‘-_"
n.l ri-l-hz--

iz = n —_— 3 2=129

The value of E required to determine T is computed from the sta-
tical zmoment of n t:.nns the area of thea tansian steel about the C.G.—
axis. Thus

S, =mnA, (4 - 7,) 2-130

The moment of inertia of the virtual area about the C.G.-axds is

glven by:
J:?:E[yg+{=-yz}13:| + 0 d, {ﬂ.-ra}a 2=131

The prinecipal tensile stress O3 is given by the relation:

u'l.-.g+|/"§,_-+'=2 2-152

Below the neutral axis, 0, 1s squal %o T, because O = 0. The shear
stress Tpay 2F the gcentar of gravity of the uctiun ias here of no im-
portance hu:ausn the corresponding prineipal stress is not meximum,.
The difference between 07y and %o is to be taken in consideration only
in cases of small accnnt:-icitin and small tension reinforcements.

A comparison ‘hatwuan the values of the primcipal diagonal tensile
stresses O, and the shear stresses for sectlons subject to eccentric
forces with different big sccentricities is shown in Fig. 2-5l.
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F
|
1
i

J

L 3 | |

| i I i I | - I | 19
J & 'en 'Th 1 | & _lem Tﬂl 1.

8.1 8,1 )‘ = 0,85 Tal Fal

Pig. 2=51 Shear and principal tensile atresses in sections gubjact to
ececentric forces with big eccentricity

Application to T-sections
If we assume that all the comp— = 4 dp
ressive stresses are resisted by

L
the flange only, and that the center b | T
of compresasion lies in the middle f
of the flange, the shear stress
can bha gimply determined in the
following manner. (Fig. 2-52) ¥ ™ Aq T dT

Taking moments of external and | )
internal forces about centers of Fig. 2-52 Shear in T-sections
flanee in twe successive gections subject to esccentric forces
at & dlatance dx, we get:

t - ;
d t.'r.—-Eu- dar

— 51

t
Rz«=1'{-1-2—“.‘i

t
R (r+dr) = (T + ar) (4 - 52)
Substracting the firat relation from the second, one finds
+t
R&r-nﬂ'(d-z!}

Therefors
EE:EHE:_
but EL
4T = 1% b dx
then
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o =1

therefore

Q
% = b (4 = t./2) R
b) Elastic analysis for the case of eccentric compression with
small eccentricity (Fig, 2-53)
In this case, the shear stress is given by:
T=Qs,/IL;v
The principal stress ia > EE

l:rl:l--+ -.-.-.‘.":z
2 -

acting at an angle ol where _
tan 28 == 2%/0
The principal tensile stresses u‘l in a section subject to eccent-
ric compression with amall eccentricity are smaller than the shear
stresses T (Fig. 2-53) and generally need no special reinforcement.

;_;_:m. 9 kg/em®

10.3

A . A '
%—— B s ==:
. '3?5:%_ = u.aﬁl 5 ¥

Fig., 2-53 Shear and principal tensile stresses in sections subject to
eccentric compression with.amall sccentricity

[

I

The principal tensile stresses 0; 1n a section subject to eccent-
ric tension with small eccentricity need not be checked because they
are a bit bigger than the normal tensile stresses and nearly prallel

to them.

¢) Ultimate strength analysis for the case of big eccentricity

In this case, the ultimate principal stress 0, may be assuned
squal to T, and treated in the same way as in case of simple bending.
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=3 IGN OF HEIN QHCRETE FLEIENTS

Fad EEE‘BI‘EJ. Conaiderations

The UHESCO-reinforced concrete internationsal manual states, under
scope and object of the design, the following:

"All reinforced concrete structures or structural
elenents should be designed and constructed <that
they are able, with appropriate safety, to with-
stand all the loads, superimposed loads and other
actions liable to ocecur during construction and
in use.™

"The object of the design caleulations is to gua-
rantee sufficient safety against the structure
belng 'unfit for service’,

4 structure is considered to have become 'unfit!®

when one or more of its members ceasss to parform
the function for which it was designed, owing to
fallure, buckling due to elastiec, ‘plastic or dy-

namic instability, excessive cracking, excessive

elastic or plastic daformation, ete.m™

"For residential buildings which are not exceptio-
nal in character and which comprise not more than
Tive atoreys (i.e., four upper floors) the build-
ing owner may authorise the designar to amploy a
simplified design method, e.g., & method based on
the use of the modular ratioc - working stréss me—
thod with linear distribution of stresses =y Pro-
vided that the overall safety of each of its com-—
Ponent members are checked to ensurs that, in all
circumstances and for any combination of loads ’

suparimposed loads and other actions, they are at
least equal to the structural safety that can be

obtained by rigorous application of the code of

practice detailed in this manual.” [By the use of



~125-

the limit states and ultimate strencth design me-
thods .

de gave in the Draviouschapter, the behavior of reinforced conc=-
rete under different load stages,showing the analysis:

1. under service loads using the elastie analysis in which both
concrete and steel are assumed elastic, A design according to this
method of analysis is generally called: "™ elastic design or working
stress design",

2. A% fallure loads using the ultimate strength apalysis in which
the inelastic behavior of both concrete and Steel is taken in cosider-
ation. Hodern designs based on this method of analysis are known under
different names, the most common of which are: " the ultimate strength
design" used in Germany and the U.S.., and " the limit states design "
used in the U,S5,5.R. and recomended by the C.E.B., (Comité Européen du
Hé‘tﬂﬂ.]-

The notlon of 'limit state' as definsd by the UNESCO is as follows

" To each of the conditions in which a structurs
becames 'unfit for service' corresponds a partic-
ular state called a *limit state'., These limit
atatea are respectively:

a) the ultimate limit state "failure";

b) the limit state of instability "buckling";

¢) the limit state of cracking; and,

d) the limit state of deformation: ete.

By working-stress design methods, allowable stresses are sstablish
ed as some fraction of the strength of concrete fr:.p and the yield st-
rangth of the steel rj,. Members are proporticned so that these allow-
able stresses are not exceeded when service working loads are applied.

The ultimate =strength design methods, on the other hand, bass the
design on conditions just before failure. Members are proporticned so
that the full strength of the cross-section is just utilized when the
ultimate load is applied. The ultimate load is obtained by multiplying
the actual dead load and the antieipated live load by separate load
factors greater than unity. The concrete compressive stress distribu-
tion Just before failure is gquite different from the triangular dis-
tribution assumed in the working-stress design methods. [Compare Figs.
R-22 to 2-28 by Pigs. 2-10 to 2-18].

It has been proved by teata that workdng-stress design methodsa
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do oot give correct information regarding the actual factor of safety
against failure of a reinforced comcrete member.

The factor of safety ia defined’ as the ratio between the lcad that
would "cmzaa total collapse to that used as the service or working load,
and it has been found that the value of this factor is far different
from the ratio of ultimate stiength to the so-called working stress.
However, alﬂﬂn analysis does give a realistic representation of con-
ditions in a member at working load and therefore is useful in pre—
dicting service load behavior characteristics such as deflection and
crack width. Furthermore, shrinkage and creep are inelastic strainsa;
they take place under working loads and cannot be treated in an elas-
tic manner. Thess two factors give the main reason to the known fact
that the strains, and the corresponding stresses,under working loads,
calculated according to the elastic theory, are very far from the real
strains that are measured in a structural element under the same load.

Ultimate strength methods, on thes other hand, are not affected by
shrinkage and creep and permit an accurate evaluation of the strength
capacitles and the corresponding factor of safety against failure,
However, strength analysis gives little information about canditions
at saervice loads.

fdccordingly, one may concluds that the elastic theory is still re-
tained as a design method becaunse of the long habit of the profession
of thinking in terms of elastic stresses, and that the more realistic
ultimate strength methods will Very scon become dominant,

3.2 Safety Provisions

4s statel before, the deaign calculations muat guarantes sufficient
safety againat the structurs being rendsred 'unfit for service', i.e.,
it must be safe against failure and serviceabls in use. Safety requires
that the strength of the structure be adequate, with appropriate fact-
or of safety, Inrﬂllmmmmthutmm‘hhtnném
during construction and in uss, Serviceabllity requires that daflect-
inm‘hnld.nqu.ntnl:mll, that cracks, if any, be kept to tolareble
limits, that vibrations be ninimized,

hnmt-nrﬁnntmhmmh-hﬂﬂu-ntnm-

¢es of uncertainty and which may be listed as follows®s
p £ kcmﬂlﬂﬂmrﬂEImfmﬁhﬂnmuthlm

Iwinturmduthm'nnﬂ.pnfnmrnt.M'
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2.Actual loads may be distributed in a manper different from that
~assumed in the design.

%. The assmmptions and simplifications inherent in any analysis
may result in calculated load effects - moments, shears, etc.- differ-
ent from those which a more rigorous analysis would furnish,

4, The actual structural bebavior may differ from the assumed, ow-
ing to imperfect Inmowledge.

5. Actual membar dimensions may differ from those specified by the
designer,

6. Reinforcement may differ from that specified by the designer,
and may not be in its proper position.

7. Actual material strength may be different from that specified
by the designer.

In establishing the safety margin, consideration must be given to
some other factora, namely:

1. The nature of failure, whether ductile or sudden; the latter
should posaibly be avoided, otherwise , a large factor of safety is
essential.

2. Consegquences of failure; the factor of safety should be blgzer
if it results in lossea of life or big loases of property, and in-
creases with the increase of the lossesa.

a) Safety provisions for working-stress deaign method

In the working-stress design method, the safety provisiona are
supposed to be satiafied if the mayimm stresses due to the maxioum
possible intermal forces under the effect of dead and live working-
loads are smaller than the allowable values which may be assumed as
follows: '

Table 3.1 Allowsable stresses in seteel reinforcemant

Yiald stresa Allowable streas
Eind of steel 2 >
kg/cal kg/cm
2200 = 2500 1500
Hormal mild " s —
2800 < y rc'? E
Daformed <nnmnl 3600 2000
high grads ™ cold treated 8000 = 3800 2200 = 2800
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be maximum allowable concrete coapressive stress in beams, ,slabs
(with a thiclness bigger than 20 cas) and elements subject to eccent—
ric forces with big eccentricity shall be assuned { 505 of the aini-un
guaranteed compressive strength of concrete.

This stress must be reduced gradually to 0.75 its value in 8 cas
thick slabs and T-sections with a compression flange of 8 cas.

The allowable compressive stress in concrete mesy be increased to
60z of the mini-ua guaranteed strength, provided that this increase isg
aporoved by the responsible authorities.

For the allowable shear stresses: If the shear stress T in a beam

i=s L4 T, = 0.5 I/ fc'.‘p
no special calculation is essential for the web reinforcemebt on con-
dition that this is bizger than the minimua allowed values, If
'I:l('[ {TE = 1.5/ rcp
7eb reinforcements are essential to resist T, =T = Tc. In this rela-
tion, Ts = the shear stress resisted by the web reinforcezent, and
T, = the shear stress resisted by the conerete { 0.25 |/ fopr IE
TE (T (.'T} = 1'15 L‘ fﬂl]
inclined stirrups and deformed bent bars are essential,

In Zg7pt, Tc is assumed egual to .zero;the values of the allowable
cozpressive and ahear stresses are as shown in table 3.2

Table 5,2 Allowable stresses in concrete

Eind of stress Allowable stress in kg/em”

Cube strength (C,g | 120 | 160 | 180 | 200 | 225 | 250 | 275 | 300
Prism ,, fop| 105 | 135 | 150 | 185 | 185 | 200 | 220 | 240

Axial eonp. Opo 30 45 50 55 &0 65 70 75

Simple bending|and Eccmt:r:l.c forcea with big eccentricity:

Slabs t=8-10 ﬂ= 25=30| 40=45 | 45=50| 50=55| 55=60| 60=65 [65=70 | 70=75
t=10-1210, | 30-35|45=50| 5055 55-60|60-65| 65-70|70~75 | 75-80
£=12-20|0, | 35-40|50-50| 55~60|60-70|65-75| 70~80 75~85 | 80~00

Beams & glabs '

t 20 ca|0, 40 60 | S5 70 75 80 85 90 -

Shear stresses
10 10

Slabs Tl & 7 8 B 9 9
Other elements T, y s 6 6 7 7 a8 8
411 elenents T, 14 16 17 18 19 20 21 22
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b) Safety provisions for ultimate-strength desisn method

In order to compute ths ultimate resistance and to bave an app-
ropriate factor of safety, mhﬂ:tninr:rm-thndﬂd.mﬁuwlmds
by the so-called load factors which are chosen such that these ti-
mate loads have an acceptably small probability of ever being exceeded.
it the same time, one has to reduce the internal resistance of the sec-=
tions by the so—called 'capacity reduction factor' which depends omn
the nature and consequences of fallure.

1. Load factors giving the reouired strength

Structures and structural members shall be designed to bhave stren-
gths at all sections at least equal to the structural effects of the
design loads and forces in such combinations as given in the followings

l._Ehunqnir:dutreugthUpruiidadtumhtﬂuuﬂldemuﬁ
load P shall be at least equal to

U=15G+ 18P 3-1

2. In tha ﬂ.u:lgn.ufu.ntnvﬁbnn or member, if resistance to the
structural effects of a specified wind load W must be included in the
design, the following combination of G, P and ¥ shall be investigated
in determining ths greatest required strength U

U =0475 (1.5 G + 1.8 P + 1.8 W) 3.2

Where the cases of P baving its full wvalus or being completely ab-

sent shall both be checked to determine the most severe condition

U=0.9G+ 1.3 ¥ 3=3
but in any case the strength of the member or structure shall not be
less than required by equation 3=l.

3, If resistance to specified esarthguake loads or forces E muat be

included in the design, the requirements of article 2 shall apply ex-
cept that E shall be substituted for ¥.

4, If lateral earth pressure EP must be included in the deslign,the
strength U shall be at least equal to

U=1l.5G+ 1.8 P + 1.8 EP 32 a

Where G or P reduce the affect of EP, the ultimate strength T shall
be at least equal to ¥

O0=0,96G+ 1.8 EP F=3% A

5. For lateral pressure from liguids LP, the provisions for art. 4
shall apply, except that 1.5 LP shall be substituted for 1.8 EP, i.e.
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ﬂ':l.ﬁﬂ-ﬁ-l.ﬂP-l-l.ﬁLP }—Eb
or U=0.90G4+ 1.5 LP 3=3 b

The vertical pressure of liquids shall be considered as dead load,
with due regard to variation in liquid depth.

6. Dynapic effects if any, shall be includaed with the dynamie live
load P, by sultiplying it *y (1 + o), whare

a= 0.4 /(1+ Y5) 4+ 0.6 /(1 + G/P) Bt

where 1 denotes the free (unrestrained) length of the element consider—

ad in metars.
P denotes the total superimposed 1ive loads and dynamic loads,

This empirical amplification coefficient takes account of the un-
Iavourable effect of transient dynamic phenomena (as ocecur in bridges,
overhead crane track girders, etc.). Permanent functioning conditionsa
and cyclie phencmena (e.g. rotating machinery with reciprocating acte
lon as well as impact coefficlent)are not allowed for in this coeffi-
clent and should be the subject of special investigation in sach case,

2. Capacity reduction factors

The strength ¥ & member or cross section in terms of load, moment,
shear, sr stress shall be taken as the strength calculated in accord-
ance with The rec:.rements and assumptions given in chapter 2, ineclud-
ing a 'capacity reduction factorfi', The Tollowing values forst shall
ba uaaed;

E':'- J—LE.E: 1 ".'-"-JI.- -ﬂ-.‘ rith'u‘ut m.-l tmiﬂ‘ﬂ lill-llliitil.liiii-aﬂl{:u
Arial coampressiam or ardal compresaion combined with bending
. Ipdralily ==i{nforced membars LR R L R R T i S e, nl?j'

L& Lsuisrs i 'D."F'ﬂ

T

TE..2d ziven in a and b may be increased linearly
%2 0. 20 ar the axdal ultimate load in the compresasion
Lamner (=ier consideration Hu decressss from D.J.fﬂplﬂ
T3 zero Yor sections with symmetrical reinforcement and
L t=d"-4"1/% not leas than 0,70.

. Zhe vaiiys given in a and b may be increased linearly

]

8o D450 2 Eu decreases from Oflfu L.u or Hh whichevar
is amai's- | %o zero *op sactliona th small axial comp-
FerRia ¢ satisfying c.
8 et o oom TEnasisesinsssseantttensntrntenennnnnnnsns 0.85
'-:':'H'IJ'-EE L R R L R L L e L T oy § s
Fooding 44 200 . .opnerete or in concrete with reinforcemant

LTG8 TOAL 3 -..0EE TRlus e e i I e e— 3455
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c) Safety provisions for limit—satates design method

1. Load factors

For the ultimate limit state and linit state of lnstability, the
loads are to be increased by the load factors glven under b)/1.

Ths 1imit states of cranking and deformation are to be determined
under the effect of the specified dead and live loads under worlking

conditiona.
2, Capacity reduction factors

For ultimate limit state, the capacity reduction factor :a is chos-
en for -:nnr.-.ratuqu = l.6 and for steel ] = 1,15, so that

«85 conec, strensth £ -

design stress of concrete = T L1 R 3 G,

ﬂ-ﬂmufr -

design streas of stesl = T - zﬂa
a

In slements subject to axial compressiom, or sccentric compression
with small eccentricity, an exrtra reduction of 25% of the concrete st—
rength is specified because of the possible sudden failure of such
alemants.

3. Limit state of instability

It has been found that the amalysis for the limit state of insta-
bility can be transformed into the usual analyais of the ultimate limit
gtate of sccenmtric compresaion by conventiomally introducing a comple-=
mentary eccentricity to the direct force causing an *additional bending
moment' that has to be added to the initial loading system on which
the design of the section for the ultimate limit state is based.

4, Limit state of cracking

Crscking 1s a phenomenon specifically associated with reinforced
concrete, for the structural slements loaded in -I:maiun. or in bending
mnnmll;mckudinthuuumlnmﬂmnf gervice. However,
rurth-unarmunnbmwnrmumﬂmitumumtnin—
pose certain limits upon the cracking or, to be more precise, certain
nmmmurthumntiiﬂﬂumMHlﬂﬂtnhmm
These marimum widths in each case defins the limit state of cracking
of the member or structurs concernmed, having dne regard to enviroument—
al and service conditions thereof.

The analyesis of the 1imit state of cracking in bending and in ten—
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sion should, in pormal cases, be confined to checliing that

the rules
of good construction have been apolied in the design and distributich
of the reinforcement, whose quantity has first been determined by

me3ans of the analysis of the ultimate limit state(fai

lurs); or any
other approved method.

These practical rules fop the desimm and dis-
tribution of the reinforcement d-fine in each case,
section, the maximum diameter of

of the percentage, the elastic

for a given total
the reinforcing bars asg a funetion

limit and the bond Propertiess of the
steel, and of the tensile strength of the concreta,

To take account of their varying conditions of enviromment and
service, structures are divided into three clasaes, according to the

Poasible consequences of cracking with regard to the behavior and dur-
ability of the structures

Class 1: Structural members which must ensure watertightness or are
®xposed to mggressive actions., These are members in which cracking is
very harmful, either because they have to be watertight (e.g., walls

of tanks, shipping locks or dry docka) or becauas they are exposed to

8 particularly aggressive medimm. In this class of structural members,
the mavimup width of cracka must not exceed 0.1 mm, o K N

Wy mar. A 0.1 mm

Glasg 2. Unorotected ordinary structural members., In thesa menbars
cracking of the tensile zoneg is harmful either

Posed to the effecta of the weather (as is the
Tuctures such as bridges and other
they =re exposed to a humid and a
of certain industrdial structures,
in which considerable quantities o
duced). This clags may also

because they are ex-
case with outdoor st-
elvil engineering works) or becauss
gEEreasive atmosphere (as in the caass
factory roofs, or workshop buildings
T water vapour are liable to be pro-
be taken to include membora which hawve to
Support very fragile claddings or facings which would suffer harmful

Cconsequences from excesaive cracking and deformation., Tn this clamg,
the maximum width of cracks must not exceed 0.2 mm, i.e.,

Wy max. X 0.2 pm

Class 3. Protected ordinary structural members, In theae members
Gracking 18 not harmful and does not have any geri

®cts upon the preservetion
ability of the structure.

normal atmosphere are,
erack width, 4n +higa G

ously advaerae aff-
of the reinforcing steel nor upon the dur~
Interlor structural members of bulldings in
for example included in this class, The maxim-
aZe, Tust not exceed 0.3 mm, l.e.,

W, max, 0.3 om
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In order to limit the width of cracks to the specified values, one
hazz:

1) to use dense concrete,

2) to have sufficient spacing and cover for the reinforcing bars;
s0 that thewidth of the member is bigger than four times the sum of
the diameters of the main reinforeing bars arranged in one row (if
these are plane bars) or twice the sum (if they are deforzed bars ot o 4
viding improved bond behavior).

3) to use several bars at moderate spacing than larger bars of
equivalent area. The objective is therefore cne of distributing the
reinforcement in the concrete tension zone,

Although cracking cannot be expected to be eliminated it is general-
1y more desirable to have many fine hair cracks than a few wide cracks:
this is generally the case when deformed bars are used as tension rei=
forcement.

Control of cracking may be particularly important when temsion rein-
forcement percentage is bigger than half the maximum allowed walus ac-
ﬂﬁrﬂiﬂs to U.E.D- 1-3- P }- }i x D.?E J.l.h - D._"E?E Fh.

Extensive laboratory studies have shown that crack width is propor=
tional to steel stress, thiclkness of concrete cover and the esmbedment
area of each individual reinforcing bar i.e. the area of concrete ser-
rounding each bar in the zone of maximum tension.

The ACI-provisions of 1977-Code for crack width are based on the
Gergely - Lutz expression® for crack Iid.th as follows:

v, max =GP, 0./ T X 3-5

where, rursriug to Fig. 3J=1

W; = crack width at tension face of
beam in mm,

fo = by / by , the ratio of the dis-

tances to the working stress N-i i, by
from the extrems tension fiber =i | é a
and from the centroid of the main i

tension ateel,

g, = service 1ﬂﬂ.ﬂ. atress in the steel
in kg / ma®, T1gs 31

dﬁ = concrete cover measured from the extrems tension fiber to the

= Maxinum crack width in reinforced concrete flexural mambera.
American Concrete Institute 1968,
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center of the bar located cloaesst thereto in ==,
A / n = embednant area = effestive tansion aree of concrete sar-

rounding the maln tenslion reinforcing bars and naving the saze
centroid as the reinforcement, divided by the number of bars in

m",

B = nunber of bars, for different sizes use n = i / area for
largeat bar,
an erperimental constant = 11 x 1077 mo® / EE.

¥
L]

This sguation bas been converted into a fora in which a si=ple cal-
zulation could be aade to arrive at reasonable reiaforcinog detalils as
ipdicated by laboratory tests, witZout acually emphasizinog crack width.

Pividinz equ. 3-S5 by C F’h the guantity Z, whose wvalue 13 takern as
a measure for crack width, 1= d.ﬂfi:md._
3 w, max
.
L i

For siaplicity B, zay be taken at an approximate wvalue of 1.2 1in
bears,. In order to bhave numerical values for the guantity Eli:nit AC=
zording to egquation 3—5 in the ACI—code, crack widths have been lizit-
ed to (0.41 and 0.33 mm) for interior and exterior exposure, respect-
ively. Substitution of these wvalues in equation 3=5 gives:

Z 35

limit = Ua

For w. 3ax = O.8l mm  Zy,_.. = - i*:i —— = 3100 kg/ms
n " = 0.33 mn  Zys_ .. = = 2500 =
” " = 0,30 ma E]_‘L*:.Lt = = 2270 b
" " =0.20mm Ty = = 1500 *
"= " =0,10 " - 760 -

The sxpressions 3=5 and *—5 have been found to apply to one—way
slabs and wide beazs; in which case, the average value for F'h = I:nz..-"::l

is about 1.35 for floor slabs rather than 1.2 which applies for beams,
The limiting wvalues of Z will correspondingly be as follows:

w, aax O.81 0.33 0. 30 0.20 0.10 ma
404 2760 2220 2000 1330 655 kz/am
Zxamples

1Ji beax 250 x B00 == is reinforced by B25 ma l:l..ﬂ = 8000 nE} ar--
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ranged as shown in Fig. 3-2. The width of crack w; max. sust be szal- '
ler than 0.20 am. The stress in steel

UI- = 20 wnt?d
Examine the crack control situation.

, - .
3
z,l_i::lit = ﬂ'n “' d'{: A -
ﬂ'ﬂ = 25 * 12.5 = 3‘?.5 mm E*
| -
A, = 250 T 125 = 33750 ma® n =8 p7,5 [2137] s325=125
A = 33750 / B = 3850 mm° o =

2yt = za‘}j?.ﬁ x 3850 = 1000 kg/mm

1000 Vig. J-2
Crack width '1 = 0.20 x 'ﬁ = D135 mm

2) Tha lowest section of th& wall u:l!‘ a water tank is 400 mm thick and
reinforced by # 16 mm {l = 200 oa® )} spaced @ 130 mm on the water side,
the cover is 30 mm and the getress in steel g, = 12 kg;fmn?' Determine
the expected crack width.

d, =30 am A = 60 x 140 = 8400,
w om

; T* l
Crack 'idthriuﬂ.ﬂﬂ:ﬁzgguﬂ.u} mm d, I

], rlll-ﬂ
FiE- 3"'.:5
S+ Limit state of deformation

Deformations are a pheanomeancon specifically associated with rein-
forced concrete, since structural members loaded in bending, compress—
ion or tensiomn are normally subjected to deformation under thelr usual
conditions of service. However, for the sake of serviceability and dur-
ability of structures, 1t is necessary that certain deformation limits
=0r, mors precisely, certain maximum values of the deflectlons- should
not be exceeded. In each case, having due regard to the nature and the
axtant of possible damage due to deformation, these maximum wvalues de-

fins the limit state of deformation of tha member or structure con-
sidesred.

In order to control the deflections, reinforced concrete members
subject to bending shall be designed to hawve adsgquate stiffneass to
to limit deflections or any deformations which may adversely affect
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the streogth or serviceability of the structure at service loads,

The minimum thickmess given in the following table shall apply for
menbers ¢f one-way construction not supporting or attached to parti-
tions ~r other construction likely to be dazaged by lerge defleztions
unless the computation of deflection indicates that lesser thickness
may be used withoutadverse effects,

Table 3.3 Minimum thickneas of beams or one-way =slaba unless
deflections are computed

Yicimum thicknessgs ¢
Yember
simply one end |both ends e
supported |continuous | continuous can eTer

Selid one-way 1 1 1 :

slabs 720 /24 /28 /10
Beaxs or ribbed 1 1 1

one-way slabs /16 /18.5 /21 Vs

Deflections which occur immediately upon application of the load,
the so-called instantaneous deflections, can be calculated by methods
based on the elastic behavior of flexural membars,

Due to shrinkage and creep, thease instantaneous deflections con-
tinue to ineresse for some time after load application, at a decreas-
ing rate, end the longtime deflections may exceed the instantanecus
deflections by a large amount., For this reason, methods for estimat-
ing both the instantenecus and longtime deflections are essential,

When calculating the elastic instantaneous deflections, the main
pProblem is the determination of the appropriate flexural rigidity EI
Tor & member conasisting of two materials with propertisa and bebavior
as wldely differant as ateel and comcrete.

If the maximum moment in a flexural member is sufficiently small
20 that the tension stress in the coneretas is smaller than the fleax-
ural tensile strength, no tension cracks will occur and the full un-
cracked section is acting, In this stage, the moment of inertia is to
be included in the calculations for the full concrete section plus n
tines the area of the steel reinforcement (n = EEJEE}, and E is +the
modulus of elasticity of concrete EE'

When significant changes of the effective cross section of a beam

along the span length ars involved, they should be included in caleu-
lating the deflections, In such cases, the beset aprroach 1s to account
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for the variable flectural rgidity EI .

Many methods bave been suggesated for calculating the value of 311
proposing a single adjuated value for EI by cne of the following me-
thods: Fig. 54

1) Midspan value alonag EI = (1}, _'.151 M
This is the simplest nnthnd.; the re- {\\ "
sults are are within % 20%. .
+ " 2
2) Simple average: m
EH = % [; {Hl + EIE) + EII] Fig. 34

for a baamn continuous at both ends 1 and 2; and

-
for a beam continncus at one end 1 ar 2 only.
3) Welghted average:
EI = 0.7 B, + 0.15 {ﬂl'l- EIE}
for a beam contimuous at both emds 1 and 2; and
EI = uiﬂs EI‘ +* ﬂ.l\:‘l‘ H.'I.,E

for & beam continucus at one end 1 or 2 only.
For a single heavy concentratsd load, only the midspan EI  should be
used.

2
Recently , the effect of load lavel and dsgree of cracking have
been included in i:h- tulr:uut:l.un of I as followsa:

I-(G} Iﬁi[lﬂf ]] “éI
where:

M.. = cracking moment m Ty Isfrt
lma.t = marimum service load moment acting at the comdition under
which deflection is computed,

I, = gross momant of inertia (neglecting reinfarcement),
= cracksd transformed section moment of inartia,

= unit tensile stress capacity in flexure. ACI-code gives:
ft - 1.99-,;:“
Yy = distance from the N.A to axtrems fibar of concrate in

l- Refar to ACI Jurnal Proceedings 70. December 1973.

2- Dan E. Branson "Instantanscus and time dependant deflection of rein-
forced concrete beams under working loads™. Part 1, ‘Rnpurt 7
Alabama Highway ressarch repart,
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Tenslions
The modulus of elasticlty of concrete 5, is assumed according to

the ACI-=-Code egual to
Ecz 15100 Hffcp

For an excellant discussion of the deflection of concrete, refer
to: "Reinforced Concrete Demign™ by Chu=Zia Wang and Charles G, Salew
Aon. 3rd edition . Publisbned by Harper and Row. Hew Tork and Loodon,

43 stated before, the deflections continus to ingcrease for some
time after load application dus to shrinkage and creep. These additicn-
al long-time deflections may be obtained by multiplying the immediate
deflection caused by the sustained part of the load by 2.0 when Al =
LU: l.2 when g; = 0.5 LE; and 0,8 when A; - 15.

The effect of creep, shrinkage and compression stesl on defleation
13ia been more accurately evaluated by Branson®™ in the following manner:

Ocrysn = k. ® l'“:'5'1:31:1

whera

L5 =
cr+ah = “eflection due to creep and shrinkage ;
]

ks = coefficient depending om ratio of comp. steel W = 53
kn = L/(1 + S0 A7)
time—dependent coefficient {creep + shrinkags}, which

may be taken from the following table,
{Ei}d = lostantanious deflection due to dead load

e

i

Tine-dependent Coefficient T Inkluding Both Creep and Shrinkage REffects
for concrete membars of common types, aizes and compoeition according
to Pranson™

hﬂnﬂ. stregth Average relative Aumidity, age when loaded
Tep 100 % 20 % 50 %
at 28 days €7d. | itd 13284 | £74 | 1ad »>28d | £7d | l4d |a284

L70-280kg/ea]| 2.0 | 15| 1.0 | 3.0 [ 2.6 | .5 | 5.0 3.0 | 2.0
2.5

>280 w 3a5 L.O| 0.7 2.5 1.8 | 1.2 | 3.5
T

® Dan E. Branson:

1= "Design proceeduresfor computing deflectionsa™, ACI Journal,
Proceedings, 65, September 1958,

2= ® Compression steel effect on long-time deflections™, ACI Jurmal,
Proceedings, 68, August 1971,

L ]
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It has to be noticed that the total working live load will act
unlgtinrraqu&ntly on a member, and the sustained load deflection should
be calculated for dead load plus some fraction of the working live
load. The fractional part of the live load to be considered depends
on the type-of occupancy. For examples, in ¢ alculating long-time def-
lections for a beam carrying the floor of a residential appartment,
one might reascnably conaider about 20% of the live load to be suns-
tained. Long~time deflections of a storage warehouse, may probably be
based on 100% of design live load.

Branson suggests that the following percentages of the values in
the previous table be used for sustained loads that are maiotained for
the periods indicated:

25% for 1 month or less
50% for 3 months

75% for 1 year
100% for 5 years or more

The maximum limits for immediate deflection dus to live load com—
puted as ab ove ares

l. For roofs which do mot support plastered cellings ..seesssss L7180

2. For roofs which support plastered ceilings or
for floors which do not support partitions s.ceessssssssssss /350

3. For a floor or roof construction intended to support or to
be attached to partitions or other construction likely to be
damaged by large deflections of the floor, the allowable
limit for the sum of the immediate deflection due to live
live load and the additional deflection due to shrinkage and
creep under all sustained loads shall not eXCefd ..essecssss W 3IE0

In normal cases, the UNESCO gives, for the comtrol of deflections,
the following ratio of span to effective depth (l/d)max as a factor of
the maxioum allowed dn:luut% i&ﬂgm u followa:

whers (é} I;- "IT+avy } 3-7

g, = mechanical ratioc of main tension re.‘..u:rurnmnni: = :— . s £ 0.25
d* T

O, and :.r': ars the maximm allowed stresses in ateel and concrete,
¥ = the ratio of ths sustained load to the total load on the member
considered. According to UNESCO:
e 1/5 for aervice floors of buildings ra:e- publiec uss,

.'ll.fﬂ- e " BF O ma i s» ‘Private use, and
12= L/3 for roof structures of all buildings.
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3.3 Working-streas Deaign Versaus Moderm Design Methods

Following are scme reasons that called for introduetion of modern
design methods:

(1) Experimental investigations showed that analyails according to the
elastic theory does not predict actual behavior especlally at high
stresses ( stages II, and III).

(2) 'llthougda the affectas of shrinkapge and creep influence the stress
distribution significantly, their incorporation into the analysis re-
quires knowledge of the complete history of evants,

(3) By definition, a linearly elastic material does not exihibit any
creep deformation. That is, the incorporation presenta a dasviation
from straight-line theory of atress and strain,

(4) The ultimate strength of a structural member is more or less an
invariant guantity that depends mainly on the geometry and reinforce-
ment of a sectlon and the mechanical propertiea of its materials.

(5) According to the method of elastic dealen, the idea of safety ia
ambiguous or at besat simplistic as compared to the definite approach
in the modern methods.

(E) The elastic theory does not allow for prediction of the ductility
of a structural member. Consideration of ductility, however, is of a
vital importance in the fisld of design for most dynanic effects.

(7) The method of elastic design leana heavily on the beam theory
that neglects local effects of cracking. As a result, formulas for
shear and bond yileld misleading values.

(8) Effective distribution of reinforcement cannot bes achieved with-—
out consideration of & more detailed anmalysis even for behavior in
stage II . Modern methods recognise crack patterms in their recommen-
daticna for arrangement of reinforcement; this could not have been
easily predicted from the elaatic theory.

(9) It is true that the snalysis of a section in stage IT  1is more
involved than that in stage ITp normally adopted in the elastic de-
sign. However, analysis according to stage IIT, which is used in mo-
dern theories, ia usually simpler than that according to stage IIn.

The elaatic theory has provided the means for desigoning strctures
that are, so far, safe. However, lack of corrslation with test results
lead to introduction of many Bmpirical formulas, which could ultimate—
1y lead to loss of insight, )
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3.4 Syatematlc Stepa of DHHiE

The following shows how to proceed systematically in the design oz
a reinforced concrete structure.

1. Genaral lay-out of the structure

Assume that 1t is required to cover an area of~15 x 20 ms without
intermediate supports by a reinforced concrete flat roof hawving 5 ms
minimum clear height if the sodll at the site i1s sandy.

The roof being flat (chosen horizontal) and subject mainly to wver—
tical dead and live loada, bending moments and shearing forces will be
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created in the supporting elements of the roof, The bending moments in
the main girders, spanning one of the two main dimensions of the area
are proportional to the sguare of their span; hence it is more econo-
mic to chocae the main girders spanning the smaller dimensicn of the
area to be covered (i.e., in our case, 15 ms). In order to get a good
distribution of the bending moments on the main girders and because
the soil is sufficiently firm -sandy- a two hinged frame,-15 ms span
and 5 ms clear helght ( distance between finished floor level =F.F.l.-
and bottom of main girder ) is chosen. The frames are to be arranged
at distances giving reasonable loads and dimensions for the main fram—
5 and the other elements supported on them, the slabs and secondary
beams, if any. A distance of & to 6 ms between the center lines of the
frames is generally convenlent (in our example, this distance is chos-
en 5 ms).

The frames are covered by & reinforced comcrete slab whose owm
welght 18 25 to 40 & of the loads acting on the frame and hence it is
essential to choose its supporting elemente such that its thickness is
oinimum (between 8 and 10 ems). In order to get this result, secondary
beans are arranged at convenient distances, 2 to 5 ms, (in our example,
245 MB)e

In this manner, the main supporting elements of our structure are:
F—'LE- 5-5-

a) The slabs, supported in their shorter direction on the secondary
beazns, with a span b = 2.5 ms; in their longer direction, they are sup-
ported on the frames, with a span a = 5 ms. Such slabs, where a/b ) 2,
are called one-way alabs reasisting all the loads acting on them in the
sborter direction only. If a/b £ 2, the slabs are called two—way slabs
reslsting the loads acting on them in both directicns a and b,

b) The secondary beams: These are continuous beams of four egual spans
each 5 ms, supporting, in addition to their own weight, the slab loads
and transmitting them as concentrated to the main frames,

¢) The main two—hinged frames
having the following main di-
mensionsi Plg. 3.58)

Span 1 = distance C.L to C.L [ I I
fl
sk
I

hinges,
Height h = distance from C.L
hinge to C.I. of
main girder,

Fig. 3.6 Hain fraumes
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They carry mainly, in addition to their own weight, the reactions of
the longitudinal secondary beams.

d) The foundations of the structure which muat rest on a suffieciently
firn stratum of the soil. If this stratua is near the ground surface,
as in the case of our structure, surface foundations (e.E+ isclated
fmﬂngs}mmuﬂ*ﬂitiudn-pinthnwmﬂfm-nrtmmms
af deep foundations (e«gs plle foundations) is recommended.

Having chosen the different supporting elementa of the structure,
a general lay-out (scale 1/100 or 1/200) giving the main concrete di-
mensions as that shown in Fig. 3.5 is to be drawn.

Thaﬂnuipu{ﬂﬂdmmmmmmm
following items:

The statical system, nain dimensions and spans,
The loads and actions acting on the element,
The intermal forces: max. values or absolute diagrams,
Dimensioning of critical sections and longltudinal steel,
Diagonal tension and web reinforcements, and
Detaliling,

2. Tha statical system, main dimensions and spans

In order to be able to determine the internal forces of an eled-
ent in a satisfactory manner, its statical system, main dimensions,
spans ,and eventually its flexural or torsiomal rigidity must be kno-
wn in advance.

The span length, L , of members that are not bullt integrally with
thairmpﬂﬂa;hﬂllbutmiﬁﬂrudthlﬂlmapmpluﬂthndﬂpth af
the slab or beam but shall not exeed the distance between centers oI
supports. |

In analysis of continucus beams or frames, center to center dist-
ances shall be used in the determination of the intermal forces. i
ents at facea of supports may be used for design of beams and girders.

Solid or ribbed slabs with clear spans of not more than 3 ms that
are built integrally with their supports may be comsidered as contin-
‘wous slabs on knife edge supports with spans equal to the clear spans
of the slab and the width of beams otherwise neglected.

%+ The loads and actions

In order to satisfy the requirements givea in 3.1, all structurea
shall be designed for all dead and live loads coning upon them.



-

Tae dead and superimposed permaneat loads are to be caleulated
from the volume and the density of the relevant materials under thae
conditions of use. The following tables give the weight per cubie

meter of some materials that may be regquired for design purposes.

Table 3.4 Weight per cubie meter and angle of repose of materlals

“aterial eizot |4 of [ satarial weight
kgfmi repose kgﬁmi
l=- Building materiald 2= Storing zat. (contd)
Ceaent .c.ecnssnsanss | 1700 20 BENZing .seccacssss 600
Expanded ¢laY seessa a00 3 Bear and wine s... 1000
Gravel and sand .... | 1800 30 Glycering s..seses 1250
Gypsum (powder) ....| 1500 25 BLILE sewssmninsnss 1000
Hoora (powder) .es. | 1500 20 vl 3 S ey 1000
Iron slag sessesssss | 1800 40 Petraleum ssvssess 800
Lime (stony) csseess| 700 5 TAF esssssssnsensa | 1100
Hyd. lime (powder) 700 2g Paper (rolls) .... | 1500
Limestone (powder) 16500 25 Paper (sheets) ... | 1100
Pumice stond ..ceees 300 35 Books and filea .. B50
2- Storing materials e - .
GOEL wamenonsnnmuvs | A0 35 Cloth (folded) ... | 1100
:Coal (powder) .seesss 700 25 Clothes .ernscssacs 300
Coke's c0al saaseses | 650 35 Pish (in boxesa) .. 800
Corn, seeds & beana 800 25 Leather (rolled) 900
FlOUL sesvssessssesa| GOD 25 Drinks (in baxes) B850
Flour (in sacka) ...| 500 — Tobaco {packs) ... 500
SUEAT ssssevensseass]| 950 [ 35 Fodder seessensens | 400
Sugar (in sacka) ... | 1500 —_— 2 SISy e 300
PotatomBssviswensane | TOD 30 Glass (plates) ... | 2500

The weight of the comerete and mortar, masonry, plaster, metals,
“iaber and flooring are continued in the following table.
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Table 3.4 Weight par cubie meter of materials (contd.)

Jdaterial Jelght Aaterial ~elght
kg/a” kz/z’ |
%— Zonzsrete and mortar 5= Latals
Gravel and :IIEI.I:ﬂ., Lead T I E R R N RN 11500
not rfd | 2300
Sroken stone or Copper and Nickel ..esse| 8200
r£d 2500
slag concrete - Bronze and Brass sesse.e.| 8500
Pmi“ or ﬂ‘@m“gmt fd lm Etﬁel T YT T T P T Sl RN ?BSD
= T:L'ﬂ (B NN TR ERNE N NN BN B N N NN ?4EG
Cement or cement and)
J El‘D‘D Zine sasssssssaTETREEE RS ‘?E{}D
honmra mortar )
Uﬂsﬂ.ﬂﬂilm EEEERBREESEEEEE lEE‘Ij
Lime and cement or lime)
2000 {6= Tinber
and homra mortar = N
. Pitch pine and Qak ..... [E00-500
Gypsum mortar witht. sand 31300
ﬂrdj_na.rj" tmbﬂr BOEE R Em"‘?m
44— Hasonry
7= Plaster ::g,.r’:la
Tith Basgll sesssssssnas 3’1}0‘:’
Ordinary plaster cessaes | 50
K | G’ﬂ.ﬂite "R RS EBDD
2
* y» Harble or hard lime 8- Elooring weight/em | ig/o
stone | 2700
Cement or concrete tiles| 2&
s9 -Ordipsry lime stone | 2500
AﬂPhﬂJ.t 'l:ilEE RS RS 22
gp Ordinary red bricks|{ 1800
v 1 floorS . sssssassses 15
,s Hollow bricks 1200-1500 PR 0
FubbeTr ssssossssossannas 12
e stone ey SOYid [ 2000 ; =
e one cks LA Und) sesssssnss
e Bolicw| 1200 g (sro
TinheT sssssssssnsassnnen a8
Increase in weig,ht.r’mj masonry COTE mrennonnnnsnnsoones 4
. “Blﬁht 4300 Em FPoam plastic .cesssscnsss 0.5
Tf waight 1500-1700 100
weight 1700 —
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Live loads: These coaprise:

a) static superimposed loads, which vary only in a gradual man-—
DEr, B.E., furniture, stored object of materials, etc.;

b) superiaposed loads dus 40 persons occupying or moving about in
the rooms of the buildings,

To siaplify the desizn calculations, these superimposed loads are
assuned to be uniformly distributed. Their usual valuss are given in
table 3.8. Theyinclude the dynamnic coefficient for teking account of
moving loads due to persons walking about,

¢) dymamie superimposed live loads which Produce a dynamic effect
in the structure in comnsegquence of movements and wariation of the for-
228 involved: persons, machinery, mobile eguipment such as overasad
travelling cranes, etec.

d) eclizmatic superimposed loads due to the effects of wind, anow
and earthquake actions.

a + b) Variable superizposead working live loads

The values for variable superimposed working live loads as indi-
caved in table 3.5, are applicable to the design of ordinary residen-
tial buildings, office bulldings or farm buildings, but not to ciwvil
engineering structurea e.g. bridges, railway stations, etc.

It is recommended that the following values in which the dynamie
coeflicient is included, should be adopted in the calculations,

Table 3.5 Values of live loads in buildings

=2
a) Plat roofs: Live load kg/m

Inaccessible inclined Io0fS eeesssssssssssssccsssesenas 50
Inaccessible horizontal roofs sesssssesssnnnensnassne LOO
dccessible roofs in private bulldings seeeesssssssses 200
dccessible roofs in public DUIlAINGS eevscssssncnse 500
b:' DWEJ-]JIIEH e L L L N T T E ey e T i ]
2) Offices, classrooms, staircases and entrance halls of
Private buildingsa Beesssasssssssnsnssnssssnnnnnnnnnsnan JO0
d) Public rooms retail shops, restaurants, assembly rooms
with fixed individual seatings and balconiss of private
buildings FramssEsstesnsssssssrannnannsnrnsnannsnnnnnaa LEO0
e) Cinema theatres, dancing halls, amphitheatres, libra—
ries, file rooma, bookshops, courts and balconies of
public ouildings "rsssssesnssssssesssnnnnsssnnnnsnsnsns SO0
£) Assezbly rooms without fixed seatings, passenger plat-
forms SEEEsssSsanssssrRaanssdbs st anunesannsannanse GO0

&) Baggage rO02E, STOre—I'003S, FATALEES seenaisnsssssnsonss 750



Table 3.8 Values. of live loads in buildings (contd.)
Live 'load kg/a°

h} WaATehOUSES sssssssssnasasssssssssandatansinasssnss 1000
i) Preight platforms and houses, cotton loading plat—
fﬂm --....1.."p---..-_--1?11!1'--1--'Illlllillllll'lllIl lﬁﬂﬂ'

In case of inaccessible roofs, the live load earried by main gir-
ders covering an area more than S0 nE ¢an be multiplied by 50 2 the
covered ares. (e.gsy for & main girder carrying an area of B0 m?, the
live load can be assumed as 50 3 B0 = 52.5 % of the epecified live
lead., Tkis ratio should not be less than 507E.

Progressive reduction of live loads in multi-storey buildincs

In a case where points of support carry the loads of several
floors on which the meximum live loads are unlikely to be acting si-
multaneously (resdential buildings, offices, etec.), appropriately red=-
pced values —as defined below- can permissibly be adopted in the de-
sign caleulations for the load bearing members.

Let P, be the live load upon the roof and let F,, F,, PE ssss D8
the respective live loads upon the floors mumbered 1, 2, 3, sy Stars-
ing from the top of the building; then the live loads for the succoscs—
ive floors are reduced in the following proportions:

total live load for the roof (no reduction) F,
ik e i +s s3 Bop floor (mo reduction) Pq
i o ¥ +s »» floor directly below 0.90 Py
'R e F 'R ¥ nEIt flﬂlﬂr b!l“ this D-Eﬂ PE’

and so on, applying a reduction of 10% per floor until a value of 0.57
is reached, which is thereafter retained for 2l1] the following floors
below.

In residential buildings the reduction of the live loads skould
not be applied to any shop or ofiice floors that may be present; for
these the full live load should be adopted for desipning the peints of
supnort.

In principle, no reduction of the live loads is allowed for the
floors of warehouses, shops, schools or worksaops.

Eguivalent uniform load of lightweight partitions

Mg teke sccount of the possibilities of changing the positioas of
lightweight demountable partitions, their effect can be allowed for by
adding 75 to 125 ko/c” to the uniforsiy distributed live load if the
weight of the partition varies between 100 =nd 150 ngmz.
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!
o< Tae live load om $he floor undsr considsration is 3 500 g o e s
%22 load need not be increased Taor such partitions.

orizonval forces on parasets

Z2loony parasets, rzilings, mandrails and their Sixings should he
dzsizned Yo withsvand a herizental force applied at tha Ton, this for-
ca being 80 sz/n for private buildings and 150 kg/m for those ACCESS=
ible to the public,

The static and elastic 5tability should be checked forp this force
Yy an anplification coefficient equal to 5/%,

¢) Iynasic effect of Dovine live loads

<here moving live loads Produce dynamie effects, and are SUPpOIt-
ed by or communicated to a Tramework, allowance shall be made for such
cymanic effects, including iopact, Ly multiplying ths live load walye
oF 1 +d, where

of = Osit 0.6
e 175 + [z
in whieh
1 = free length of membar carrying the dynamic load

G = total dead loads on member under consideration
F = total live and dynami~ loads on member,

The Egyptian Code specifies that "unless otherwise apecified, the
following allowances {(percent) shall be deemed to cover all forces set
up by vibration, shosk, kinetic action and lgpact":

Turbines, elevators Semansssanssesrnssnnandsnnnsnne 1009
Stationary vibrating machines Scssssasscssnansennns SR

Hlectrie overhaad cranes FRA s sl SRR RS e 255
Hﬂﬂd—ﬂperﬂtﬂd GI'E.EI.EE l.lt.illl.-li..l-il--i til-‘l-i'l-ll lﬂs

d} Tind loads

The gimplified rules given herealtar are applicable only te ordi-
aary residential buildings, warehouses or factories compricing paralle—
lepipedal blocks rectangular an Plan, length a and breadth by, and of
norzal height h, consisting of substantially identical storeys.

For a structure connected by s3tiff walls and floors, no wind eff-
£CTs need to be considered axcept for specially tall buildings.

The effect of wind may be asaured 48 a uniform static pressure
Sistributed over the area on the windward side equal to wy which cag
be calculated from the relation:

in wioich
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k. = rezion coelfficient as regards degree of exposurs to wind,
k, = beight (relative to ground level) coefficient and
W, = dynamic pressure of wind due to its velocity.

48 regards k, one distinguishes three different regions as shown

Table 3.6 Cpefficient k‘r in different regicona

Region k. |
I | Exposed to storms as sea shores, islands & top of hills | 1.3
IT oderately expogsed to Wild .secssessessssssssssssnannnas 1.0
ITT | Protected froz storms by hillas or standing structures CaE

The height coefficient k, for the parts of the structure hizher
than ground level by more than 10 ma can be determined from the relo—
tioms:

42
bl s~ ~

in whieh h is tha haight of the structure from ground level. For the
lowest 10 ms assume kh = 1,

Th&ld,rnm:l.c pressure w, in lcg,.f’mz is a funetion of the wind ve-
locity v in ms/gec and is given by:

vy = 93_ / 18
Table 3.7 gives the wind welocities v and the corresnonding ér-
nanic pressure w,
i L]
Table 3.7 The dynanic pressure Wy for different =ind valocitics

Velocity of wind v J i
km / bour 50 75 100 125 150 175 200 |
@ / =econd 13.9 20.8 27 .58 43 .2 41.6 4B.5 o

Dynamie prossursa
"a kg/m 12 27 48 75 108 148 125

Table 3.8 zives the classification of the regioms accordins to
+he wind intensities

Region | 7ind intensity Siad velocity Dynagic press- |
= / hour o / second |ure Wa llng,.-":'E -I
I strong 150 41,6 108
I moderate 125 34 7 75
ITT weals 1C0 27.8 &8
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~Z ooe storey structures, wasre 4 2 Ue23 b, such as stores and
<actoriea, having inclined or curved pasofs with ™ denoting +as angle
:f the plane slope (in degrees), or of *ne tanzent to the roof cu-wve
% its springing, the wvalues of wiad pressure relative to its dynanie
Fressire can be taken from table 5,9 in wiica, tae sDositive siszm i
7T noroal pressure and the nezative sizn is for sus4ign,

[§]

Table 3.2 Vind pressure as a fa~tor g tie slope angle of tae raof

slone angle values of the wind sressure relative to ths d-pa-
o 1w Zegrees Zic pressure as a factor of the slope angle g
sindward side Laemard gide
&
E'D o E’i? —_— I:IIE‘
il
-]
30 = 80 + (0.9 = D.050) - 0.5
[}
& B0 + U9 = Q.5

ISe zgyptian code specifies that: "The wind load depends om the

neizht and on tha shape of exposed areas and it shall generally be

caleulated from the formula
'.‘:I':G.'I:'Ii

=
o

=hera Wy is the pressure of wind per n- acting horizontally ani it de-
Peads on the height of the bullding from the ground level. {Table 10)

Table 3.10 Wind pressure According o height (Zgyptian Coda)
Heignt of building = | 0-8 B2 20-10C | 100-200 | 200

7ind pressure w kz/m°| 50 75 100 125 150

-“nese values could be reduced +o one half, if sufficient data
Jistify such a Procedure,.

¢ iz a factor determined by aerodynamical tests according to the
Saape and sige of the structure, If & is the angle of inclination of
tae roof to the horizontal, then:

1.2 sinel 0.4 for zindwsed surface in case of sheds »

c =
¢ = l.6 sino -0.4 - o - *r  »s 3y Gowers,
C == 0.4 »1 leeward exposed surface.

for roofs repeated one after the other (as in saw-tooth struct-
ires) the first area exposed to wind shall receive the full wind pre-
szure while the following areas shall carry only balf the wind value,

The wind pressure on surfaces of revolution may be agsumed 2/3
92 the previcus valueas,

“»ll buildings (when ':} 2.5a) should be specially investigated, !t



&. Internal forces

A1l members of frames or cootinuous construction ghall be design-
ad to reaist at all sections the maximum effects of the design loada
a8 determined by the theory of elastic framesa.

In the deaign of continucus construction, consideration may be li-
mlted to combinations of:

1) Design dead load on all spans with full design live load on two
adjacent spans; (ziving maximum connecting moment over support between
the adjacent spans) and

2) Design dead load on all spans with full design live load on al-
ternate spans; (giving maxrimmm field moments).

In building frame analysis the live load may be considered to be
applied only to the floor or rocf under consideration, and the far
ends of the columns may be assumed as fired.

In normal buildings of usual types of comstruction, spans and sto-
rey heights, approrimate methods for determining bending moments and
shearing forecea, given later, may be used.

- Bxcept where approximate values for bending momenta are used, the
nagative moments calculated by elastic theory at the supporta of con-
tiopnous Flexural membera for any assumed loading arrangement may each
be incressed or decreased by not more than '

20 (1 -%.g] PEr CEBOL secsscsccassssnnns ]

These modified negative momepta shall be nsed for calculations of the
moments at sectlons within the spans. Such an adjustment shall be nade
only whean the section, at which the moment is reduced is so designed
thﬂ.'l:‘_,u-nr‘l,u - ‘,J'-l' is equal to or leas thn.nﬂ.EJﬂ.Lh whemﬂh is given
by equations 2-69.

In casa of design according to worklng stress methods, this modi-
fication in the connecting moment M may be limited to = Q.15 M.

8 Dimennioning

Having determined the absolute maxrimom diagrems of the internal
forces (thrust, bending moment, shearing force ... etc) acting on the
alement, the required concrete dimensions and stesl reinforcement for
specified koown materials'" qualities are then computed according to
the method adopted for the design and based on the analysis given in
chaptar IT.




It is allowed to maike the design according to any of the methods
stated at the beginning of thia chapter, namely:
1) The working-stresas design method
or one of the following two methods
2a) The ultimate-atrength design method
2b) The limit-states degign method.

The application of the methods 1 and 2a will be shown in the fol-
lowing simple example,

It is required to determine the concrete dimensions and main ten—
sion reinforcement of a simple beam 8 ma span, if it is subjected to
uniformly distributed dead load g of 1.0 t/m' and live load p of 1.5
t/m'. The concrete strength is f__ = 200 kg/cm® and the steel used is
normal mild steel with r? = 2800 Eﬁjcn -

dax. B.M. due to dead load g: uE=513;a=1:BE;a = 8 at

' ss 4s 4y lve loadp: M =p 1°/8 = 1.5 x 85/8 = 12 mt

i Delae .y |.d’-ﬂﬂ.d1€lﬂd.3= QE-'.EEIJ"E =lxB8/2 = & ¢

e »r  w» ¢ ldive load p: QPIIPIIE =l.5x8B /2= 6 ¢
It has to be noted that the dimensions of ths concrete sections

a3 well as the area of the main tension reioforcement are generally
governed by the normal stresses caused by the bending mementa,

In simple bending, the equilibrium requires that:
C=1T and CFep =T For = M

i.e., we have two conditions of equilibrium and hence two unknowns
only can be determined. 411 other values required for the design must
either be known or assumed,

1) Dimensioning according to the working-stress design method

The most critical section is at mid-span as it is subject to the
narimum moment of 20 mt under service loads,

The dimensiona and reinforcemant of the section must be ao chosen
that the mayimum atress in concrete O, and in steel u; for the avail-
able materiala' gualities under the effect of the maximum moment of

20 mt are not exceeded when the deaign is made according to stage I1,.

For concrete with iﬁp = 200 kgfnmz, the maximum allowable conpressive
stress in bending, according to table 3.2, is given byd, = 80 kg/em”

For mild steel with £ = 2400 kg/ca®, the maximmm allowable stress is,
according to table 3.1 y Eivan by O, = 1300 kgfcne
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dence, for M =20t , Uﬂlﬂﬂkgfma and @ = 1400 h:gf:mz

it is required to determine the concrete dimensions b and t, and the
tension steel A .

In order to have two unknowns only, assume b = J0 ems.
a) Determination of position of neutral axis o

-1
Refering to equation 2-25 and Fig. 3.7 | T 2 =
Oa z
7R =T=fF ™ere n=15 T 1d - f— F., =dE
a i d : c5 e
o ; A=
Asgsuming H'E =r and % = Sd. I' _l i
<} ! | ¥ .
we get: (equation 2-25) 1 - G /n "
5
n
S TN ThANERlssaes 3=3 Plg. 3.7
b) The depth is determined from the condition of eguilibriim:
CJep =14 s
% Zy _ da L3 = =
c'::zb{ﬂ.-s:l-ﬂ ar ﬂ'nhzsil-gj—u oz
d.:i!lﬂ %E R EEE R EE R R R Ew R E R w 5-1{}
where

“b"sua— )

c) The area of the tension steel is determined from the condition:

b Yot = M oz
A_ O {d—g}-l or .i.ﬂﬂ'ﬂdf;l-%}:ﬂ o=
i
A' - LA R R R R R ENE RS ERERSERNREHN] 1-1
5 "0, N a e
where %
M=1-3%

It has to be noted that & and 1’]_ are dimensionless figures.
In the given example, we bhave

1400 1 - - 2
I = E—l-l?llﬁf EI IS_;ZLVTJ _D.IJ-E.E, E—MD‘H-EEI {1_“"4{":_}

1.8, o =226 and n=1- E:;EE = 0,846

so that d = 2.26 %:Eﬁm choose t =70 c==
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20000 2
and Ay = HOU S O BE T O.53 ~ &6 =

Sa) Dimensioning according to ultimate-strength desaign method

The ultimete mament is glven by:

Hu = 1.5 HE + l.8 EP ar
:u = lif" X B * l.lE X 12 - 3“5‘!5 mE
The gsection is to be deaigned

such that <. the ultimate resist-
ance of the section 1z equal to

HL.
a) The neutral axis is determinsd
fron the relatloo G ol ar

o

.85 f¢P Tb=a, I

but y = 0.85 =, 5 = 3 dy Ay =fi b d, and f& £ fcp = ¢ then

o BEARE essasanves veswana Beld

The balanced ratio of tepsion steal 1s glven by equation 2-59a. Hance
My = DulE | petBDo o b ses vk 333
b 7 e g S * F} ;

In order to ensure ductile failure, it is recommended to choose A ten-

gila ateal ratlo
/’um- D.?E‘fﬁb R R E R E R R R SR SR SR RS :"'"'lq'

This ratic corresponds to the minimum depth of a section with tension

gteel onoly.

I the ratic of the tension staelji is chosen § D.18/¢ , then the cor-
responding depth is generally convenlent and is so big that the def-
lecticon of the beam need not ba checked. Hence

‘fﬂc:ﬂ]u?. =.Dl'laillllf Ed e B EEER SRS E R R 5-15’

b} The depth can be determined from the relation: Fig. 3.8

:au,-;_lﬁ.c . 4 or
M, =51C (d-y/2) =520.85 £ 7 b (d - 7/2)
but  y =0.85z2=0.85% 4 and S = 0,9 3o that
M, = 0.9 x 0,85 I x 0.85 & By (1 -0.25%) or
4, = 0,648 b &} (1-0.258) or
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Kli = ﬂ.c fﬂF b de R }-IE

=, = 0.648 § (1 - 0.425%)
Therefore ' 2

d = c r"‘-"'E L =
=D

= |3 = Voo

ﬂrhamanfatealmhndfhminndrmmﬂltﬂmz

L L ar
¥y =527 (4 =-3/2) =094, £, (1 ~0.4250) 4 er
=i, 2,14 _

o

m LR T T T R T e 3—15

n=0.9 (1=~ 0.4255 )
Applying these relations to the given exragple, we get:

SnE#ﬂDfEﬂﬂ:lE and FmeTsﬁ%mjﬂﬂ.my

For minimum depth, we have:
J= 075 x 0.0838 = 0,0325 & § = 0.0325 x 12/0.72 = 0.542,
corresponding m, = 0.5648 x 0,582 (1 = 0.4825 x 0.542) = 0.27

whers

c
therefore e = |r’ /0,27 = 1.93 choasan 2.00 and
d, in, = 2400 I,r' 2 gﬂﬂ_ = §7.0 cma choose % = 53 cms
Wa have furthar l'[ = 0.9 (1 - 0.825 x 0,542 )= 0.603

- 600 2
el iy = IO hE T < A =

For a convenlent depth, choose }II = 0.18 Jf 12 = 0,015
The corresponding S = 0.25, m, = 0.1a5, e = 2,66 and "[ = 0.8

Therefore
dcm_-E-EE I#z-cé}—i—ﬂ-g:-}-ﬂ.ﬁ cms choome + = B8 ems and

the corresponding area of steel is

= a0 2
A, = T 0.B0 x U.55 = <7.8 cm

The design of other forms of sectians under different ¥indg of in-
termal forces, resistance of diazonal tersiom and detsiling will be
shown in the following chapters.



PART 1l

BEAMS , SLABS AND COLUMNS



CHAPTER &
REINPORCED CONCRETE BRAYS

53,1 Statical System, Main Dimensions and Spans

Dapending on the conditions at the supports, we recognlze:
a) Simple beams, simple cantilevers and beams with overhanging canti-
lavera. Fig. 4=1 a.
b) Partially or totally fixed beams. Fig. 4-1 b.
e¢) Continuous beams or continnous frames. Fig. &1 c.
The framing action depends on the conditions at the supports, iree
or rigidly comnected, the stiffness of the supports relative to that
of the besm, conditions of loading .... 2tc.

Continuous beams supported on girders may be calculated according
to the theory of contimuous beams on free rigld supports.

d) Cantilever beams. Fig. &1 d.

a) Sizple beam with cant. b) Fixed bean

|8 T e %
1 ¥ a !
' e) Continuous beam or com innn‘:u frame
| B CoR— =
1 L e i 2
i ' — 4
[ , d) Cantilever beam
i r P -
| I
J a 1 a1 1. i
_II_ L —\|l 1_1[4 2 "l‘ 3 ;l 3 :]]
) Pig. 4-1 Statical systeas of beams I

4,2 _Il'ﬂﬂ-d.ﬂ

The beams carry their own weight, the slab loads and any other di-
rect loads that may affect the design of the beam.

Slab load
I# the beams carry cne-way slabs (e.g. the secondary beams ghown 1n
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Fig. %=3) then the slab load on any of the intermediste supporta =
load breadth (in the given exaaple b) multiplied by the slab load Pg
(dead or live).

If the beans carry two-way slabs ( &/b of alab { 2 ), the load is
resisted in the two directiona a and b, The slab load transmitted +to
each beam can be calculated from the contributing areas shown in Fig.

freely supported *"‘_j'" fixed "‘—T'l

] ar

L
| e
T 11 _i_ IP:I
LIIILRY Peorme
4
| %

IR |

l=a

Fig. 4—2 Load on beams supporting two-way slabs with varying
edge conditions

The linea defining the different arsas bisect the cormer hbetween
“wo edges having similar supporting conditions and are inclined 60°
to the fixed edge .if the other edge at the same cormer is simply sup-

ported. = a
I

For two-way =labs with similar T
edge conditiomns, the slab load is,
therefore, distributed on the edge b
beams as shown in Fig. 4=3. E

Such distribution means that the “ﬁ( |

loads on beams supporting two—way

EH

slabs are either trlangular or tra- ',‘ T

pezoidal. Fz?s# ]
When calculating the bending mo- ! * %

ments, shearing forces or reactions R l=a

for such loads, it ia allowed to re- Fig. 4=3 Load on beans support-
place them by uniform loads covering ing two-way slabs with aimilar
the whole span and giving the same edge conditions

maxioum value of the intermal force under consideration.
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In order to show the way in which this is done, leat us first con—
sider the bending moment and shearing force diagrams of a simple beam,
span 1, subject to a total load P acting symmetrically and distribated
in the diffarent ways shown in Fig. 4—4. It can be easily sesn that
the naxinum bending moment inereases with the concentration of the load
towards the middle of the span while the maxrimum shearing farce is the
gsame in the four cases. Fig. 5=f.

P 13 1 5
| Wiinenu !
 ; 1 P F 1 P L Pl L
=3 2 21 12 2l e Z
AU T i M i
r - P P P
[T :
E‘.I-DB-I-
Fig. &4

An equivalent uniform load p. replacing a triangular or a trapez—
oidal load with maximum load intensity p at the middle to give the
game maximum moment in a simple beam a:rmutri::nl_'l; loaded, is given by
the following relations: Fig. 4=3.

For a triangular load distribution:
p, 12 /8=pl%/12 or p, = 0.667 p
For & trapezoidal loads:
ThemntimRszE-EP E;‘!—I} =§ (L= x)
The bending moment at the middle section

o
M=3Q-05-2Ed-30-8G-2" =2
¥ 1=12¢2X | = .{1—1 ) ar p. =ap
Po=?|1-5 &P j=p-Q-3 ‘
whera 1
s=Ll2x and ﬁ-(l—;—z}

a8

o is the coefficient of equivalent load for banding moments d1in
beams with maximum load intensity in the middle.

In normal reinforced concrete structures, two-way slabs are gene—
rally assumed partially fized and with similar supporting conditions
an all four sides, so that the lines defining the different areas bl-



]

Ll

—150=

sect the corners of the alab. In this case, the load distribution will
be as shown in Pig. 4-3 and 2x equals the slab breadth b, Hanss
l/z2x=a/b=ratio of longer side to ahorter side of alab under
consideration.

For a normal square slab, the load on the beams will be triangular
and Lﬂ::&fh-lgiﬁnﬂ=ﬂ-ﬁu?.

The reactions and maximum shearing forces in the four cases inves—
igated in Fig. 44 are the same. Jence, the equivalent uniform load Pa
used for calculating the shearing force and reaction of beams SUppOrt=-
ing triangular or trapezoidal loads can be aasunmed equal to the aver—
age load, i.e.
equivalent load for shear and reaction = Pg =

load area u:: mtmig aof laad - ;ﬂ'p difs

Pg =P P
where @ is the coefficient of equivwalent load for shearing forces and
reactions of beams.

For a triangular load 8 = 0.50

Values of of and B are given in table 4-1 and Pig, 4-5. ( Sheet 9.
Table 8=1 Coefficients of equiwvmlent loads on beams

1.0 | 1o1 [ 1.2 | 203 [ 248 | 2o5 | 248 | 2.7 [ 1.8 | 1.9 | 2.0 |

D.6687|0.725 10,769 |0.803 |0.829 |0.852 |0.870|0.885 |0.897 |0.208 (0,917

i Rl

0,500\ 0,545 (0,583 |0.615]|0.643 |0,667 |0.688 |0.706 |0, 722 0.737 [0.750

-

These coefficlents may also be used for determining the bending
acments, shearing forces and reactions of continuous beams,

For cantllevers, consider the actual load both for bandings moments

and shearing forces. e [
wall loads / L]
Only wall loads bounded by 60° linas I\h h
from supports cause bending momenta and .jl,}
[116Ck

shesring forcea in the beam. Flg. 45,

The triangular or trapezoldal wall- o
load can bes replaced by an equivalant
unifeors load ziving the same maximum in-
“ernal force, The coefficlents o\ and !E- Fig. &=5 Wall load
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depend on the ratio s = L /2 x, where 1_ 1s the clear span and x = —2-
= V3
and can be determined fram table 4-1 and Pig, 4=5,

When calculating the reactions of a wall load, its full weight is
to be copsidered.

Illustrative exarnlas

1} It ia required tc find the loads on the gecondary beans and on
one of the main intermediate frames of the roof structure shown in Fig.

=3 . Aszsuning

Slab loads: dsad load Eg = 800 kg,,.-‘mE, live load p, = 200 E.E,.l"ma
twn welzht of secondary beams = 200 kz/m'
Cwn weight of main frame .... = 1000 kg/m*
Slabs 5 x 2,50 ms may be assumed one—way slabs.
Loads on an intemmediate secondary beam:
Dead leoad = own weight + slab dead load
200 +» 2.5 x 400 ar E = 1200 kg/m"
Liwve load 25 x 200 or p = 500 kg/m?
total w = 1700 kg/m?
Loada on an eaxternal secondary beam:
Dead load 200+ 1.25 x 400 or g'= 700 kg/m*
Live load 1.25 x 200 or F'= 250 kg/m’
total wi= G50 kg/m°®
Loads on an intermediate main frame:
Unifoernly distributed own weight = 1000 kg/m*
Concentrated loads from intermediate secondary beams
1700 x 5 or P = 8500 kgs
Zoncentrated loads from external secondary beams
950 x 5 or P's 4750 kgs

2) It is required to determine the loads on the sacondary beams
and intermediate main girder of the roof shown in Plg. 4=7. Assuze

Slab loads: dead load g, = 800 kg/m°, live load p, = 200 ke/z®
Jwn welght of secondary beama = 200 kg/m’
o walzht of maig glrder ... = 500 k-s-n"'m'
Slabs with a =523, b=3zs aod 8 = a/b = 5/3 = 1.67¢{ 2 are 2-way
Table 4-1 zives for 8= 1,67 o= 0,88 and I"E- = 0270
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Loads on an intermediate secondary Deam:
For calculaticn of bending moments:
Dead load = own weight + slab dead load
200 + 0.88 x 3 x 500 or By = 1256 kg/="
Liva load 0.88 x 3 x 200 or Py = 528 kg/m!
total w = 1784 kg/at

Por caleculation of shearing forces and reactions:
Dead load 200 + 0.70 x 3 x 500 or E;:lm'l}k.afm'
Live load. 0.70 x 3 x 200 ar P, = 420 kg/m"

total w! = 1460 kg/a’

Loads on an external beam:
For caleculation of bending momenta:
Dead load 200 + 0.88 x 1.5 x &00 or g, = 728 kg/n'
Live load 0.88 x 1.5 x 200 ar p, = 254 kg/at
total w, = 992 kg/m"




~lod—
Por calculation of shearing forces and reactions:
Dead load 200 + 0.7 x 1.5 x 400 ar g; = o20 kg/m"

Liwve load Dq? x 115 x 200 o pé - - Elﬂ E,Efm.‘
total w) = B30 kg/m'

Loada on infermediate main girder:

The slab load is transmitted to the main girder in two parta:
The Tirst part is transmitted directly and is composad of fiwve triang-
ular loads and the second part is transmitted indirectlyas coocentrat-—
ad through the secondary beams and representa the reactions of the
trapezoldal part of the slab load.

The alab load directly transmitted to the middle gpan of the main
girder is composed of three triangnlar loads, i.e., the loads are not
dccimulating towards the middle of the span. Hence, the average load
is to be used for computing both the bending moment and shearing force
in the span of the main girder. Also for the cantilever arms of +the
main girder, the average load gives the same maxrimum bending moment
and shearing force as the actual triapgular load.

fence, for caleulating bending moments, shearing forces and reac—
tions, we hawve:

Sziformly distributed dead load = 500 + 0.5 x 3 x 800
or 3 1100 kg/m"®

Uoiformly distributed live load = 0.5 X 3 x 200 or p = 300 kg/m’
Concentrated leoads from intermediate secondary beama:

lead load = 1.151 x 1040 x 5 ar G = 5980 kgsa
Live load = 1-15! x 420 x5 or P = 2815 kgs
Concentrated loads from external secondary beamss:

Dead load = 1.15! r 620 x5 or G' = 3565 kgs
Live load = 1.15I x 210 x5 or P' = 1208 kgs

3) It is required to calculate the dead and live loads on the beanm
¢ 4 & shown 1n Pig, 4=8, Asaume:

Slab loads: dead load g, = 550 kg/m®, live load P, = 300 kg/fa®

Own welight of beams a b and & £ = 150 kgs/ar
Gwn welght of beaa ¢ A @ wavsee = 300 kg/m"

# This figure is the continuity factor. (Refer to interral forces in &-3)
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Wall load cn beam a.b = 250 kg/n°
%all load on bean c d & = 500 kg.r’z‘e
Height of walls = 3.0 ms

Reaction of beam a b at G
For a/b = 5/4 = 1,25 ]’3 = 0.6
Dead loads = own weight + slab dead load
or [150 + (1 + 0.5 x 2) 450 ] 2.5
i.€a G = 2850 kgs

Live loads = L.L Z-oz slab + wall load
cu:'[(l + 0.0 x2) 300 + 3 x ESIDJ 2.5

" d.6s P = 3525 kgs
Reaction of edgze bul::n. at e:
G'= (150 « 1 x 450) 5 or G' = 3000 kgs
Pi= 1lx300 x5 or P' = 1500 kgs
Uniform loads an cantilever arm:

Dead load = own weight or g = 300 kg/m | 4—-—&-_.;—';-

'H.
““*_\Ig
1 |
;F

13

, 3
G,P \ |¥ GiP
'+ P X J
-J_Pl

i

5]

H
Er

i

Live load = wall load 7 A

=500 x 3 ar o = 1500 kg/m
Uniform loads on span ¢ d: for a/b = &/5 = 1.2 o= 0.769 & B = 0.553

The slab triapgular load on ¢ b being not maxismmn at the middle of
the gpan, it will be considered with its average wvalue both for bending

moment and shearing force.

Loads for bending moment:

Dead load on ¢ d: 300 + 0.769 x 2.5 x 450 or g, = 1155 kg/m’
Additional dead load on ¢ b: .5 x 2 x 450 or Bx = 450 kg/a'
Live loads on ¢ d:

The wall load on ¢ 4 will be assumed as live load. Only the part of
the wall insajide the dotted linea inclined 60® to the horizontal cause
bending copents and shearing forces, Fig. 8<8. It will be replaced by a
uniform load civing the same maxdmum intermal forces and treated as tra-
pezoidal load (table 4-—1 and Fig. 4-5).

For x=h /V3 =3 /V3 = 1,72 ms s=1 /2x=5.2/2x1.72 =
1.50

Fig. 4=8
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Table 4=1 gives o =0.852 & 3= 0.857 s0 that
Live load on ¢ d = 0,769 x 2.5 x 300 + 0.852 x 3 x 500 or

i D = 1857 kg/n®
Additional live load on e b = 0.5 x 2 x 300 or Py = 300 kg/m?

Loads for shearing force:
Dead load on c d = 300 + 0.583 x 2,5 x 450 or B1' = 955 kg/a’

additional dead load on ¢ b= 0.5 x 2 x 450 or “gé' = 450 kg/m?*
Live load on ¢ d =0,583 x 2.5 x 300 + 0.667 x 3 x 500 or
91' = 1437 kg/m*

Additional live load on ¢ b= 0.5 x 2 x 300 or PE' = 300 kg/m?

When calculating the reaction of the wall load, its full weight is
to be considered.

%.> Internal Forces
In addition to the items given in 3.4 under &), the following can
ba allowead.

1) The absolute internal forces (bending moments, shearing forces,..
etc.) and reactions can be determined in a continuous beam according
to the known methods im theory of structures, g.g. the method of three
moments, the moment distribution method, ... etc. assuming that the
beam 13 supported on free rigidsupports; i.e., the rigidity between
the beam and the supporting elements as well as tha settlemeant of the
supports is neglectad.

2) Connecting moments may be reduced dus to the

breadth of the supporting element according to a
parabolic curve as shown in Fig. 4=9.

53) The positive bending moments considered in
the design of intermediate panels of continuous
beams should not be smaller than the positive mo—
aents of the same apan if it were totally fixed
at the supports. This is because a positive bend- Fig. 4-9
ing moment smaller than that of total fixation means that the angles
of rotatiom at the supports are negative (smaller than zeru].whiqh ig
not liable to take place in reinforced concrete structures dus to the
rigidity of the supports.

4) Hegative field moments due to hegvy live loads to be considered
in the design 28y be taken with 2/3 calculated values due to the oi-=
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gidity of the supporting girders amd columns,

5) The connecting moments of continuous beams as calculated by the
theory of structures may be further reduced by a fuﬂistrihutiun of the
bending moments according to (4), article 3—4.

A redistribution is not allowed in the following cases:

i) If the bending moments are determined from an approximate or em
pirical method.
4i) If the bending moment is statically deternimmte.
11i) If condition 3.8 given in (4), article 3-8 iz not satisfied
{especially in case of design according to the ultimate st-
rength method).

6) Internal forces and stresses in beams and cantilevers can be de-
termined according to the known methods of simple plane structures it
the dimensions of their cross section, breadth and depth, are amall
relative to thelir spn.l:i.

If the depth is bigger than the span in simple cantilevera, 0.50 the
span in simple beams or 0.4%0 the span in continuous beams, they bhave
to be treated as "deep cantilevers or deep beams” and can be solved ac-
cording to the recognized methods of the theory of elasticity.

Illustrative examples

1-It is required to determine the absolute maximum bending moment ,
shearing force — diagrams and reactions for the continuous beam shown
in Fig. 4-10 due to the given dead and live loads. Assume that the beam

is of constant moment uE inartia. a
cP GP GP GPF GP &P GP 2,5

Dead loads: 212 e 2'g

g=1tm , G=3% :H'!H{* SESEESSSSSSSESSSSESESSSSsEISs

Live loads: a=% 1, =3x3n=9m !b't =3x3m=9m il a=3%

P-l.ﬁﬂlphﬁt j{ . - : ~ :
Solution : Fig. #-10

The absolute maximum bending moment, shearing force-diagrams and
preactions in such a continuous beam can be determined by superposition

of the following cases:
i) Duﬂludaonmth-ﬁu,
11) Live load on any of the cantilevers, and
m}uﬂlun&mwofthnlmllhnrhc..

The equation of three moments will be used for determining the
statically indeterminate commecting moment M, . Accordingly



in which
11512=9u and

ry, = the elastie reaction at b Bo that
9 M.+ 36 Hh + 5 Hc = =56 ry
The shearing force in any statically indeterminate span will be
caleulated from the relation

q.qu+ 1

in which
qﬂ = the shearing force of the Bimple =span,
¥, and ¥, are the connecting moments at the right and
laft supports of the span 1 under consideration,

The reaction R of any support will be determined from the relation
=8 -9
in which

QT and Q, are the shearing forces to the right and to
the left of the support under consideration.

i} Cazle 1: Dead loads G and B on beam and cantilevers.
The connecting moment M, :

2
M3=HG"‘{§.*E§*J"—{‘L§—}+%"‘5—} - - 9 mt
2 3 g
SRERC L SIEPREE L o £ = 118.75 2%
3o that
=9 x9 + 35 L =-9Tx9==~61x115.75 or M, = - 14.6 mt
The shearing forces:
Qa left = = fg + E a) = -[E + 3x1l) = - 8,5 ¢
H., - M

Q, right = (G + B1) 4 bl a

=5+llﬂ+-lﬂ-.5+2 I.'-*E-..g"b
Q left =-3-1§9+‘1"§5*9 =- 8.1 t

The reactions not including the concentratad load over the support:

Ha = 6.9 + 4.5 = 11.4 tops = R=

Rh = 2 x B.1 = 16.2 tons
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ii) Case 2 : Live loads g and p on left cantilever.

The connecting momant lh=

M
9d, + 36U +0=0 or ‘b“rl
in which

2 §
Hla-{§l+zz'—}=-[g:5+£§—22]-—15-'?5 mE

So that
“h = 5#9‘ mt
The shearing forcesa:
Ry left = - §-1.5x3 =-7.50 ¢

qﬂ‘Lh = ¢ - e 1 - . 2.19 t

Qg = TTg2e == 0.88 ¢

The resctions:

H. = 2.19 + 7.50 = + 9.69 ¢

1ii) Case 3 : Live loads P and p on a b.
The connecting moment M, =

ﬁlh--ﬁfl'-iﬁ—if-s-—a-il or M, = = 16.59 mt

The shearing forcesa:
Q, = (6 + 1.5 x4.5) - 8520 = 12,95 - 1.8 =10.91 ¢

;b leff = = 12,75 = 1l.686 =2=18.59 %+ and q‘b—-a = l.54& t

The reactions not including the direct concentrated leomd over the
support: '
El-ql-lﬂ.gl t hal.ﬂﬂ-+1-ll-.59-.‘l.ﬁ.43t Rﬂ:-—l.ﬂ#
t
The absolute maxrimm bending moment and shearing force can then be -
determinsd by superposition as shown in Fig. 8-1l1.

The marimom reacticns are:

Ry mox = By may = 11+38 + 9.69 + 0.84 + 10,91 = 32,42 tons

R = 16.28 + 2 x 15.43 = £9,10 tona.

b max



2.19.

m r 8.5

3.12
L.L.

rnn laft .' can ..-‘

:..ma.aa
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8.5
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The maximum calculated connecting:moment of 47.8 mt can be reduc—
ed to = 0.85 x 47.8 = 40 mt by redistribution of the bending moments,
i.e., by shifting the base line of the absolute bending moment diagram
to the shown heavy line. iccordingly, the marimum field moment will be:

3+ 042 a8 = 37 ae

4 further reduction of the maximum connecting moment can be ach-
ieved by assuming the bending moment over the intermediate support in
the form of a parabolie curve.

Accordingly, this beam may be designed for the maximum moments:

M, = 23.75 at M, = 37 mt M, = 37 mt

Example 2

Assuming that the beam shown in Fig. 4-12 im of constant moment of
inertia, 1thmu1rﬂt¢dﬂtmjmthnﬁmmmgmt and
shearing force diagrams due to a dead load g and a live load p.

D.L = L.L = Total load = w .
E L, =Bm h"tzﬂllf_l: 7 =8m d 1
e

I 1 -
Fig. 4a-12

Before determining the bending moments, it may be of advantage to
determine the fixed points of the beam. Fig. 4-13
: .

e ]
-

—

i

—— e — .1

Calculated B,M.D, Fig. a-13 Re—distributed B.U.D.
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From the shown construction, it can be easily seen that the fired
points ¥, are very near to the third lines which mean that the shorter
gpan causes fixation to the lunger one; whereas the fired pnintn_FE are
near the intermediate supports which mean that the shorter span behavas
more or less as a simple bean.

The bending moments created from loading the shorter span or those
trasmitted through it to other spans is relatively small, so that it is
sufficient in such cases to solve the beam for one case of loading with
all spans loaded. In this case, we get:

w 1% w lg
Euh{ll*la'}*uc-LE':_E{‘ET*?]

Due to symmetry, M, = M_. Assuming further that 1, =al,, then:
15 3 13

L3 il 1]

4 24

w ‘Li 1+ 'Ii

- —

- E
& 2 + 30 k
k_uga--;cl!
= 1+
Assumling that Eh is the bending moment at b for the cass af total
fixation, we get:

2 M, (1, *“113"“%11"‘5{‘;
giving

lh=_l
in which

| o o 0.1 0.15 0.2 0.25 0.3
k 8 9.19 9.77 10.32 | 10.83 11.30
M /M 1 LB71 .819 775 +739 708

Accordingly, the maximum connecting moment in the given example
(o = 0.25) is given by

w12

A, = o -

b 10.8

and the marximum field moment by: 12
w

1

at & distance equal to 0.808 1 from exterior aupport.

It is however allowed to reduce the marimum connecting moment by
= 15% of ites value, so that it is allowed to assumas
12 is
2 ol
“b = - 0,85 T Sl .5

in which caaam 2
w 11
Ya "t O3

at a distance equal to 0.82 | from exterior support. Fig. 4-13,
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If the beam were continuous with a short span oo both sides amnd
proceeding in the same way as in the previous case, we get for a uni=
form load: (FPig. 4-=14)

£
'"Tl;

Pig. 4-=14
| i3 w3
or 'wll .}
EHhLl{1+HJ+Ebll--T{;+m )
or
P i i 1 I
b " 3+ 20 k
in which
k=23 ¢ 20)
Ll +
Accordingly, we have:
ot 0 0.10 0,15 0.20 0:25 0 30 !
k 12 12,79 13,15 13.49 13.79 | 14.02
M S H | 0.938 '0.912 | 0.889 0.871 0.855 |

A moment re-distribution up to 15% is allowed as has beem showm
in the previous case.

T:FI.E bending moments, shearing forces and reactions in a continu=
ous beam with two, three, four and five egqual spans subject to unifora
dead load g and live load p are shown in tables 8-2 A, Beams subject
to symmetrical concentrased dead loads G and live loads P are ziven in
tables 4-2 B,

If the number of equal spans 1s bigger than five, assume the in-
ternal forces of the two exterior spans equal to those of the five -
gpan beam, and the intermal forces of all interior spans equal to those
of the middle span of tha five-apan beam.

Uith the help of these tables, it is possible to draw the absolute
maximum bending moment and shearing force diagrams of & coantinucus beam
of constant moment of inertia with equal spans.



Table 4=2, Valuesa of hendigg___mtnts and shearinzg forces im nnn*inunua
beams of constant mozent of inertia for 2, 3, 4 and 5 spans
A, Tniform luadg
l. Two eaqual spans
- Bending moment = Shearing force
T 1. DL B Lelie P 1 D.L. g L.L. p
!IE A +% 1ma.n ""p Q&-“ max, +-.?_p fma.r -QF—
0 0 o o O |+ 0.3750] 0.4375 | 0.0625
| D.2|+ 0.0550| 0,0675 0.0125 | 0.1 + 0.2750, 0,3437 0.0687
| 0.8 & 0.0700 0.0950 0.0250 | 0.2] + 0.1750{ 0O.2624 0.0874
: 0.6/ + 0.0450| 0.0825 0.0375 | 0.3 + 0.0750{ 0.1932 I 0.1182
; I"E'E - E'qD"'-FEE ﬂ.ulﬁe ﬂlﬂﬁ?\? ﬂ- - ﬂ-}Eﬁﬂ D-I'DEB? ﬂ-}ﬁj?
| «90( - 0.0675 | 0,0061 0.0736 | 0.8/ = 0.,4250, 0,0119 0.,4359
| +95| = 0.0950 | 0.0014 | 0.0964 | 0.9~ 0.5250| 0.0027 | o©.5307
I -1--':':! — ﬂ. 125‘} ﬂ D-.IE_S'D I-iD — D.EEEE’ ':l DiE\EEE
|
. J Ta e p1° g1 pl pl
| max. R, o= 0,375 g 1+ 0.4375 pl max. Ry = 1.250 (g + p)l
| 3
j 2. Three equal Spans [
| 0.2]+ 0.0800| 0.0700 | 0.0100 | O + 0,50 0.4500 |  0.0500 |
Oud| + 0.0800 | 0©.1000 0.0200 | 0.1 + 0.30 0.3560 0.0563 |
2. 0.6{+ 0.0600( 0,0900 | 0,0%00 0.2| + 0.20 0.2752 | 0.0752¢
{'F'Ii ..'E 0o ﬂ-ﬂ‘lrﬂE D.'D’-FDE ﬂl} + Dtlﬂ U;E{}E_ﬁ n-l-l%_s‘l
Er. <85 = 0.0212 | 0,0277 0.0490 | 0,5| = 0,10 0.1042 0.2042
€1 +99| = 0.0450 | 0,0204 | 0.0685 | 0.7 - 0,30 0.0843 | 0,3443 !
1 #95i- 0,0712 | p.0171 0.0883 | 0.8] = 0.40 -0,0280 0.4280 |
1.0{= 0.1000 | 0.,0167 0.1167 [ 0.9 - 0.50 0.0193% 0,5191
M -.C'E' - G-D?EE ﬂinl'q'l ﬂ.ﬂ’gﬂi loﬂ - 'D-Eﬂ ﬂ'.ﬂlﬁ? U'.ElEu?
E! - 101 = 0.0550 | 0.0151 | 0,0701 | 0 |+ 0.50 0.5833 0.0833
& 15| - 0.0%62 G.0205 0.0568 | 0,1 + 0,40 0.4870 0.0870
Ei - 3| a.azmm 0.0300 0.0500 | 0.2|+ 0,30 0.2951 0,0991
5| +30+.005 .gzj! 0.0550 | 0.0500 |0.3|+ 0,20 0.3210 | 0.1210
2! «50s,025]. 0.0750 0,0500 | 0.5 (4] 0.1979 0.1979
| g 1% p 1= p 12 gl p 1 ot
!max,Rﬂ=Uqﬂ-Dsl+0.ﬂ5pl max. By, = 1.10 g1 + 1.20 pl

-176-

F Jin,

value of field moment {case of

%otal fixation)
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%=2 A4 Values of B.ds. & 3,.Fs. in cont. beams due to uniform loads

<: Four equal spans

Bending moment Shearing force
E TI D.L. & L.L. p %‘ D.L. g Ll. » |
o :.!,E BAX. +I.Ip max -HP QB jmax, +~;1_p maX. -q_s
0 0 0 0 0|+ 0.3929 | 0.4484 | 0.0535
0.2+ 0.0585 0.0693 | 0.0107 |0.Y + 0.2929 | 0.3528 0.0559
0.4+ 0.0771 | 0.0986 | 0.,0214 (0.2|+ 0,1929 | 0,2717 | 0.0788
E;- 0.6{+ 0.0557 | 0.0879 | 0.,0321 |0.3 +.0.,0929 | 0.2029 | 0.1101
#(0.8/- 0.0057 | 0.0374 | 0.0431" |05/~ 0.2071 |o0.2007 | 0.2079
§ «85|= 0.0273 | 0.0248 | 0.0522 |0.7|- 0.3071 |0.0410 | O.3881
«30|- 0.051% | 0,0163 | 0.0677 |0.8|= 0.4071 |0.0247 | 0,8319
»95|= 0.0780 | 0.,0139 | 0.0920 |0.9|= 0.5071 |0.0160 | ©.5231
— [1.0{= 0,1071 | 0.0134 | 0.1205 |1.0{- 0.6071 |0.0138 | 0.5205
+05 |- 0,0816 0.01156 | 0.0932 | 0 |+ 0.5357 |0.6027 0.0670.
.10/~ 0,0586 | 0.0145 | 0.0721 0.1+ 0.4357 |0.5064 | 0,0707
.15 [= -0.0380 0.0198 | 0.0578 [0.2|+ 0.3357 |0,4187 0.08%0
«20 |= 0.0200 0.0300 | 0.0500 |0.3|+ 0.2357 |0.34810 0.1053
g. +&40 |+, 027 .Di?i 0.0736 | 0.0484 [0.5|+ 0.0357 |0.2150 | 0.183%
-E .50 |+.036 maL 0.0804 | 0.0846 |0.7]|= 0.1643 |0,1435 | 0,3078
o [+60 |+.034.037| 0.0P71 | 0.0429 (0,8|- 0.2683 |0.1222 | 0.3855
“ .80 |+ 0.0014 0.0417 | 0.0803 |0.9|=- 0.36483 |0.1106 | 0.4743
85 (= 0,0130 | 0.0345 | 0.0475 [1.0|- 0.4683 |[0,1071 | 0.5714
L'su = 0.0300 0.0310 | 0.0610 gl pl pl
95 (= 0.0495 0.0317 | 0.0812 |max R, =0.393 gl + 0.6 p 1
1.0 |-, 071 _.cra}' 0.0357 | 0.1071 |max Ry = 1.143 gl + 1.223 p 1
gl° pl® pl1® max R, = 0.929 g 1 + 1.143 p 1
= a-ﬂ_ﬂ.i:lul: value of han_;*.. aoment [:-.a:u of total ﬂ;.f.u.t:l.un} .
By -—xil iy, ] 1 R, 1 1
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=2 A Values of B.Us. & 5.Fs. in cont. besms due to unifors loads

4, Five cqual spaps

o —

[ Bending mnoment Shearing force
E = | D, L. g L.L. p | 0L g LelL. p
& : L
;IE MEX . +:"1D max,<d QE [max, +3, |[2AE. -QD
0 0 o o 0 |+ 0.3947 | 0.4474 | 0,0526
g [9+2|+ 0.0589 | 0.0695 | 0.0105(0.1|+ 0.2947 | 0.3537' | 0.0590
8 (0.4 |+ 0.0779 0.0989 0.0211/0.2|+ 0.1947 | 0.27258 | 0.0779
£ 10,6 |+ 0,0568 0.0884 0.0315 0,3/ + 0,097 | 0,20%9 | 0.1091
E 0.8 /= 0.0042 0.0381 | 0.0423/0,5|= 0.1053 | 0.1017 0.2067
!D.a - 0.0497 0.0183 0.0680 0.7/~ 0,3053 | 0.0413 | 0.3472
~—1.0(- 0.1053 | 0.0144 | 0.1196(0.8|~ 0.4053 | 0.0257 | 0.4309
0.1~ 0.0576 0. 0140 0.,0717 0.2/~ 0.5053 | 0.0169 | D.5222
! 0.2 |- 0.0200 | 0.0300 0.0500]1.0/- 0.6053 | 0.0144 |0,5185
| s ia.u +. 0256 .Dﬁ?;‘ 0.0726 C.0878 | O [+ 0.5263 0.5%81 | 0.0718
| o 045 |+.033].042] 0.0789 0.0461 0.1/ + 0.8263 | 0.5018 |0,0755
| § :ﬂ.6:+.ﬂﬁlf.ﬂi? 0.0753 0.0647 10.2|+ 0,3265 | 0,4181 0.0878
- ﬁ-is*af- 0. 0042 20,0389 0.0432 0.3+ 0.2263 |0.3368 |0.1101
‘ 0.9 |- 0.0366 | 0.0280 | 0.0646)0.5(+ 0.0265 | 02148 0. 1882
1.0 -.079].083| 0,0323 | 0.1112 0.7/~ 0.1737 | 0.1391 |0.3128
! E. 0.1 |- 0.0%39 0.0293: 0.0833 |0,8|~ 0.2737 0.1179 | 0,3916
@ 0.2 |+ 0,0011 0.0416 0.0805 (0.9 = 0,3737 0.1063 | 0.4800
| & [0-4 |+ 0.0411 | 0.0805 | 0,0395[1.0|~ 0.4737 0.1029 | 0.5766
| E 0.5 |+ 0.0461 | 0,0855 0.0395| 0 |+ 0.5000 |0.5909 |0,0909
2 > 2 |Qell+ 0.8000 |0.494% |p,0004
gl Pl P 0.2+ 0.3000 |0.4083 |o0.1063
O.31+ 0.2000 |0.3279 |0,1279
0.5 o 0.2045 |0,2045
g1 pl | »1
Hote: Dax. R, = 0,395 g 1 + 0,447 pl
¥ dinimum value of bend., me- max, Rb = 1.132 g1 4+ 1.218 pl
ment. (case of total fixation) bax, R, = 0,974 g1 + 1,158 p 1
-+ My
a b e 4 (o b a
R, Fi..._' Ry .._x..: R, I.(-E__..f | I I : i
1____..,_!___. i _l . __.1.__._ i _1_. N P ‘ o
]
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B. Concentrated loads

1-a, Two egual spans with concentrated loads at middle of spans
prt) G G G s ¥G G G G -6
i - A S N
ziwz L 1 SFNE I
: I i P N : I o | | ey | i
W R — el == %
YA
Hp W 0. S . S AR
i !+ n_.__..l =
-Bending moment EL'.;E.I‘i.ﬂE force
:15- D.L. & Tk P £ | D.L. G L.ls P
.'.!E aax, *EP BEX, -i.IP & _qﬁ aEX,. +J,P oax, -.;P
0.50 |+ 0.1562 | 0.2032 D-Q#E-B I W 0.3125 0. 4082 0,098
842 (= 0,0789 0 0.0789 II = 0.6875 0 C.aE7S
0.90 |- 0,1188 0 O.1188 [ ) T
]..DD - Ull’E?E ﬂ U.lﬁ?ﬁ MAX. Rﬂ. = D-EEE G‘ - Cl.'aﬂﬁf_’ P
G 1 Pl Pl max, R, = 2.3750 G + 2.3750 P
l=b. Two egual spans with concentrated loads at third points of spans
. Shearing force
% D.Iu G g LIL| P E -D-Il- 'G' L'-— " P
. Mg max, Hip| max. -dp ™ T nax. +3p | max. -2
333 |+ 0.2222 | 0.2778 | 0.0555 |T |+ 0.8667 | 0©.8331 | 0.1857
«667  0.1111 | 0.2223 0.1110 | IT |= 0.3333 0.1850 | 0,4980
«800 = 0.0667 | 0.0657 0.1332 | III|= 1.3333 o 13333
o850 = 0.1333 | 0.0171 0.1503 o P P
L3900 = 0.,2000 (o} 0.2000
<950 = 0.2654 o 0.26687
1.00 |= 0.3333 0 0.3333 |max R, = 1.1667 G + 1.3331 F
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b=z B, Valuea of E,ds, & S.Ps. in cont. beams due to concent. loads

2-a, Three equal spans with concent. loads at middle of soans
WGP G,P  G,P  GP G,P G,P Jo,EP
i atel o
[ X T
aple 172 BAT2 3 a'
= P | TR —— D.L
L.L L.L
Bending moment Shearing force
= | E " 'l
S| T | DeLe @ L.L. F E DuLa G L.L. P
ol . \ L . |
_[ IJG OAY « "I'uP " -“IP % =l o +QP A . -QP
| |
I3 [0.5 [+ 0.1750 | 0.2128 | 0.0378 |1 [+ 0.3500 [o0.4250 | o0.0750
|4 J-D.E. - 0.0200 | C.O400 | 0.060C [II |- 0.6500 | 0,0250 0.5750
|z | 0.9 |- 0.0850 | 0,0228 | 0.1076 |III{+ 0.5000 | 0.6250 0.1250
i: liﬂ — {}.lf“m | D-{:’EEG ﬂ.l?ﬁﬂ El { P P
‘g | 0.1 - 0,1000 | 0,0124 | ¢,1128
(@ | 2 | = 0.0500 | 0.0250 | 0.0750
:E 0.5 | +.100/,125 0.1750 | 0.0750 | max. R, = 0.850 G + 0,925 P
1y
G P P . = 2. G + 2.300
| asx. By = 2.150 G + 2,300 B |

g=t. Three sgual spans with concent.

loads at third points of S0Ang

|
|
|
|

J Hending moment | Shearing force
E _’lf, 0L, G T ¥ g L G Lislis P
m
i max. +ipl @ax. --HPl & Q WAX. +Qp [max. -G
5 10,33 | + C.2454 | 0.2889 | O.ousa [T |« 0.7333 | 0,8867 | 0.1322
2 10.67 + 0.1556 | 0.2442 | o0.0888 | IT| - 0.2667 | 0.2040 0.4707
p [0.B0) = 0,0133 | 0.0933 | 0.1065 | ITT - 1.26567 | o.ouus 1.3110
5 10.90( = 0.18c0 | 0.0%399 | o.1800 IV| 4 1.0000 | 1l.2z22 0.2222
—=+1.00| - 0,2667 | 0.0444 | 0.3111 | ¥ 0 0.,4539 0.453 9
B 10,20 = 0.0667 | 0,0667 | 0.1335
5 0.33| +.087 .111t 0.2000 | 0.1335
M 0+50/+.067| 111" 0,2000 | 0.1335| max. R, = 1.233 G + 1,367 P
! G P P maY, Rb = 3,267 G +« 3,533 p

* Zine value of field moment (case of total

fixation)
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Banding moment Shearing force

g _T D.Le G L, P E DLL. G L.L. P

=]

i HG' max.+ﬂp max —ip QG. MAX. +Qp|0ax. =

g‘ 0.5 |+ 0.1696 0.2098 O.0802| I |+ 0.,3393% 0.4198 | 0.0804

_: 0.8 |- 0.0286 0.0358 | O0.0844 |II |- 0.6607 0.0200 | 0.8308

Ei 0.9 |- 0.0946 | 0.0180 | 0.1126 [ITI|+ 0.5536 | 0.6540 | 0.100%
44 1.0 |- o.1807 0.0200 | 0.1808 IV |= O.8465 0.1508 | D.6072

0.1 |- 0.1055 | o0.0100 | O.1154 G p p

0.2 |-.050|.025| 0.0250 | 0.0750 T
0.5 |+.116/.125| 0.1830 | 0.0670 | max. R, = 0.8393 G + 0.5158 P
0.8 |-.018|.025] 0.0424 | 0.0602 | max, Ry = 2.2143 G + 2.3348 P
0.9 |-.062|.0757 0.0376 | 0.1000 | max. R, =-1.8928 G + 2.2144 P
1.0 |-.107|.125] 0.0536 | 0.1608

Second span

G P P

x Minimum value of bending moment; (case of total fixation)
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I=2 B, Values of B.Ms. & S5.Fs. in cont. beams due to coocent, loads
i=b, Four egqual spans with copcent. loads at third points of spans
y | i
e eyt F ] P 1T
*Nis [ sPTus 15 s [° [ AL } at
RN \;_,J L0
RN NP b e 0
i L Eoer } #
BEEERE =
% rﬁ__r x| |- %
1l e ‘ﬁ 'r S
| | ] | | 5.3.0g ! | | !
Bending moment Shearing force
R ?l-‘ D.Li. G L.l P E D.L. G Lils P
e g max. +idplmax. -idp Iy [max. +dp |max, -3,
g |+333 |+ C.2381 | 0.2859 [0.4477 I |+ 0.1784 | 0.8571 |0.1428
2| «567 |+ 0.1#29 |o0.2382 lo.00s8 (11 ke 0.2856 [0.1950 |0.4806
©|.800 |- 0,0285 |0.0858 |0.1143 |TTI- 1.28%6 0.0357 |[1.3212
% |.900 = 0u1571 |o0.0321 |o0.1893 |1v 1.0954 |1.2738 |0.1785
——1-00 |~ 0.2856 | 0.0357 |[0.3213 |V b 0.0958 [0,5106 |0.4152
-100 |- 0.1761 |0.0177 |0.1938 |VI [ 0.9046 |0.2859 |1.1904
«200 |-,067 .GE;J 0.0669 |0.1332 & P P
§. .333 |+.080).111( 0.20864 0.1269
B |+867 |+ 0.1118 [0.2223 (0.1110 max, B, = 1,21%8 G + 1,3571 P
E .B00 |=-.0049 .ua?:. 0.0978 10,1071 | max. Ry = 3.3810 G + 3.5950 P
900 |-.100 .ui 0.0663 0.1665 | max. R, = 2.8092 G + 3.3808 P
1.00 |=.190{.222| 0.0954 [0.2856
G P B

¥ Ldinimum walues of bending mement; (case of total fixation)
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Illustrative Example

As an example for the application of tables 4=2, the method for
determining the absolute maxrimum bending moment, shearing force-diag-
rams and reactions of the beam shown in Fig. 4—10 will be illustrated:
(Fig. &=15).

1) Determine the dead load, positive live load and negative live
load-bending moment and shearing force diagrams as well as reactions
due to the uniform dead load g of 1 ton per mete® and the live load p
of 1.5 ton per meter using table 4-2. A, case l. (Fig. 4=15, l-a &nd
b). Accordingly, we hewve: '

r gl2=21x9 =81 at and p 12 =1.5x9 =121.5 st

then, we get, for exadple;

for x/l = 0.4 for x/l =1

EE =+ 0,07 x Bl = 5,687 at - 0125 x Bl = 10.125 =t
+ i, = 0.095 =x 121.5= 11l.55 44 0
- HD = 0,025 x 121.5= 3.0 ,, 0.125 =x 121.5= 15.20 4,

and for gl =1x9=9 ¢t and pl =1.,52x9 =13.50t¢,
then, we get:

for /1 = 0O for x/l = 1

q! =+ 0.375 x 9 = 3.375 ¢t - 0,625 x-9 = 5.825 ¢
* ﬁp = 04375 x 13.5 = 5.906 ¢ . ¥
= Q.P = D.EEEFE x 13.5 = 0,844 € 0,625 x 13.5 = B.43B t

The reactions for this case are:
max R, = 0,375 6 1 + 0.4375 p | = 0.375 x 9 + 0.,4375 x 13.5 = 7.28 &
max Ry = 1.25 (g +p) 1l = 125 x (1 + 1.5) x 9 = 2B8.125 ¢

2) The dead load, positive live load and negative live load=bend=
ing moment and shearing force diagrams as well as reactions due to the
concentrated dead loads G = 3 ton and live loads P = 6 ton can be de-
tarmined in the same way using table 4~2. B. case 2-b. (Fig. 415, 2-a
and b).

3) The bending moments, shearing forces and reactions due to cant-
ilever loads are to be treated from the first primciples,as has been
shown in example 1 (Fig. #=10). In this case (Fig. 4-15, 3-a and b)

we have:



l=a .

1-b |

D=

D.Ls5. F& -

2-|Concent!
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For dead loads on both cantilevers:

Z
. e TR G a - lx EE 5 x3 -
- C-§—~ wa-} ( 5 % e ¥ : 9 mt

"For the left cantllever loaded:

2 2 =
b =-[%§-+?-§}=-{hi§%+2-§j}=-l5-?5mt

Hh = - ﬂa_f 4 = + 3.9 ot

The maximum bend?! :x moment and shearing force diagrams are deter-
mined by drawing the dead load disgrams and superposing to them, once
the positive live load diagrams and once the negative live load diag-
rams, (Fig. 4=15, 4—a and b).

The results are nearly the same as those calculated in example 1.
(Fig. 4=11).

Thae maximum fileld and commecting moments in :ﬂntihuuun_beams of
equal spans 1 and constant moment of inertia subject to uniform dead
loads g and live loads p are given in table 4-3 for different ratica
of g / w in the form:

u=wl®/x

in which
W =g+ p= total uniform load per meter run

The Egyptian code of practice for the design and construction of
reinforced concrete in buildings gives the following items:

The bending momernts in continucus beams may be calculatedaccording
%o the theory of beams on knife edge rigid supports, In case of egual
spans or unequal spans with a maximum diffarence of 20% and uniform
loads on different spans, the following values for bending moments zay
be assumed: )
Beams of one spani m.pﬁnitiw bending moment M=+wlZ /8
Two spans: maximum positive bending moment M=+ wl® 210

Negative bending moment at interm. support M = - w 1% / 8

: 2
More than two spans: maxrimum bending moment ¥ys wl=/ x
The values of k are given in the following: 5
=10 12 =12 o= Xl

cef—p—— ot 1 X

e
0
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Table 4=3 Bending moments in contiouous beams of equal spans and cons-
tant moment of limertis due to uniform dead loads g and live loads p

2
i i T:E'.I_i wWE g+ P
E_.f'wi 0.0 | 0.l ID.EI 0.5| o.4] 0.5| 0.6| 0.7| 0.8 !_G.'B 1.0
1. Two_equal spans i ' 1 R_ I =
Ey|10.5 | 10.8 | 11.1 | 11.4 | 11.7|12.1 | 12.5 | 12.9}13.3 | 13.8 | 8.2
_Eb 'E'-G I. E'l"u E'I'E:I Elﬂ Elﬂ E‘Iﬂ B.G E.n B-D E.ﬂ B‘ﬂ
2. Three egual spans e
E;11040 10,2 | 10.4 | 10.6 | 10.9]11.1 | 11.4 | 11.6{11.9 | 12,2 | 12.5
E,115.3 | 143 | 15.4 | 16.7 | 18.2 [20.0 | 22,2 | 25.0{28,6 | 33.3 | 40.0
~Ep| 8.6 | 8.7 ] 849 | 940 9.1 9.2 | 9.4 | 9.5| 9.7 | 9.8 |10.0
T b '« B b
3+ Eouz equal spans N R T I T R RN T
E; (102 | 1044 | 10.6 | 10,9 | 11.1(11.4 | 11.7 | 12,0[12,3 | 12.6 | 12.9
E 124 (132 | 18,0 [ 18.9 | 16.0|17.2 | 1B.7 | 20.4(22.4 | 24.9 [ 28,0
=By | 8.3 | 848 | B.5 | B,6 | B.7| B.B| 8,9 9.0 9.1 | 9.2 | 9.3
“Eg] 9.3 | 9.7 |10.0 |10.4 | 10.8{11.2 | 11.7 | 12.2/12.7 | 13.3 | 14.0
- b e e b
4. Five egual spans p—— g T =
Ej (10.1 11043 | 10,6 | 1048 | 11.0|11.3 | 11.6 | 11.9]12.2 | 12,5 | 12.8
E5 [12.7 | 135 [ 18.3 |15.3 | 16.5 |17.9 | 19.5 | 21.5|23.8 | 26.6 | 30.4
Ez [11.7 [12.3 |12.9 |13.6 | 14.3 |15.2 | 16.2 | 17.3(18.5 | 20.0 | 21.7
]
=Ky, | 8.3 | BJ5 | B.6 | B.7 | 8.8| B.9 | 9,0 Yel| D2 | 9.8 | 9.5
~E,| 940 | 9.3 | 9.6 | 9.9 |10.2 (0.5 10,9 | 11,3[11.7 | 12.2 12.7
[~ -] ] c
A+ S SOUR) Spans g m S+ @m L& m & @m == E
E . 12.0 {12.6 [13.3 |14.1 15,0 |16.0 | 17.2 | 18.4|20.0 | 21.8 24,0
Efrw Diﬂ ﬂ-l D.E 'Dq} ﬂ-q' D‘E ﬂ'tE‘ u'? D-E‘ ﬂ.g l|ﬂ
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Shear in end gpans at first interior support Q=115 wls
Shear at all cther supports Q=wl/e

In case of equal spans and heavy live loada, the negative field
moments in intermediate spans may be calculated from the relation:

RS L Bop
Mospn = 35 (B .“3—)
If the breadth of the girder, wall or column supporting the bean
is bigeger than 1/5 span and the beam is monolithically cast and rein-
forced with the support, it may be considered as totally fixed at its
ends, provided that in case of walls sufficient weight should exist

to snsure this fixation.

doments due to fixation of exterior spans of continucus beams to
supporting columns is given in chapter 7.

4,4 Dimepsioning

The assumptions and conditions of equilibrium are given in chapter
2: the basic methods of dimensioning and their application to rectang-
ular sections with tension reinforcements only using both the elastic
method and the ultimsate strength method bave been shown in chapter 2.

The main steps of dimensioning depend on whether we are using the
elastic metnod or the ultimate strength method.

Irn dimensioning of sections subject to simple bending (or eccent-
ric forces with big eccentricity) both methods are allowed, and henmce,

will be illustrated. It will be tried however 4o use the same forz of
equaticns for both methodas of deslgn and for all popular types ©I sec-
tions: and, to formulate these formulae in such a way that the method
applied can be immediately distinguished. In addition, it bas oseen
tried to use dimensionless coefficlents cnly.

1) T and "l-sectlions

If & slab is monolithically cast with a beam and it lies in its
compression zome, it is allowed to assume that a part of the slab acts
with the beam and they form together a T or an f-section as shown Iin
Fig. 4=16. -

o
.
| {
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The effective breadth of T and T- beaxus

The effective width of a T or an l-section is the width of the
compresslion zone that effectively participates in the flexural load
gapaclty of the meaober.

The effective width of the compression flange of a T-szection de-
pends on a large number of parameters, including: the support condi-
tions of the beam considered (freely supported or continuous at the
supports); the method of load application (diatributed loads or local-
1y concentrated loads); the ratioc of the length of the besm (between
free supports or between points of zero bending moment) to the width
of the rib (or web) and to the distance between consecutive ribs; the
ratio of the thicimess of of the flange (or slab) to the depth of the
beam; and the presence of haunches at the Junction of flange and rib.

In the Egyptian Code of Practice, the effective width of T and T
sections 1s assumed not toexceed the least of the following wvaluess

a) In case of T-sections: Fig. u-i? Fe - !
iR

B =12 t, + b+ 2 ha or .

B = 1/3 distance between points of

zerc bending moment in the span.
i.es 1/3 in simple beams and @ —
/4.5 in continucus beans; or & i |

B = width of the smaller adjacent field of slab (calculated from
center line of beam and in direction normal to it).

b} In case of |-secticns that are not liable to rotates Fig, 4-18

Bl= 4.5 t, + b + by or  |e B I
Lt
B'= 1/6 distance between points of & 8l

zero bending moment in the span, |tﬁ =

.. 1/6 in simple beams and @ Fig. 4=18
1/9 in continuous beams, or J““““‘s -
B'= % width of adjacent field. ' bat B

The following limitations are alao specified in the Code:

= dinimum thickness of flange to be considered in the design is 8 eom,

= The top reinforcement in flange transverse to rib should ensure the
mopolithie aetion between flange and web; it should éxtend the full
wldth of the flange and must not be lass than 0.3% of the cross sec-
tlonal area of the flange., The maximum spacing between tha-baru of
this reinforcement is 20 cms,
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= Stirrups in the web should extend to top of the flange to ensure
the moonolithic action bDetween flange and web.

= Isolated Deams in which the T=form are used omly for purpose of pro-
viding additional compression ared should have a flange thickness
not lesa than 5 the width of web and a total flange width not mere
than four times web thickness.

2) Dimensioning of gecticng by the elastic methed

Por structurea to be desizned with reference to this method,; the
allowable stresaes in steel and concrete under the asrvice loads a=nd o
£imnz stould rot exceed wvalues given in chapter 3 (tables %=1 and 5-2),

La i

In the following, we give the method of dimensioning of the pop—
ular forms of sectionz zenerally used by the engineer in moat of the
deaigns, namely: the rectangular, the T, the | and the trianpgular sec-

tions.
l. Rectangular gections with tension reinforcement only
Given: ¥, b, O, and O. Reguired: d and A,. Fig 3=7.

It has been proved (refer to eguations 3-9 to 3-11) that:

al |
d=el and A= 4-1
9; b 8 U§ nd
in which
3 = !,.-" 2 r! = I—GE . 5- = E - n
‘g (1 = g; d 3 i < T+ D
>
in these relations, we have: n = E_/E_ B - r = ﬂ'ﬂfﬂ'ﬂ

g The ratio of the tension steel ’j.l = .LE;"h d can be determined from
the relation:
| c="T or a, ?EE 0
Substituting z = { d and A4, 6 =M Db 4, we get:

d
o, b855=pubdg, but e /o, =r then

A= s -
The values nrg,"'i, e a.nd‘}.t for n = 15 and different values of r =

0,/C, are shown in table 4—4. ( Sheet 10 )
The valusa of i-) ,"'[_, and ¢ do not change for any other value of n

when r is replaced by r, = 15 r / n.
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Table 4= [imensioning of Ra:tgggular Sections with Tension
Heinforcements only., ©n = 13

b1 |
d = _—T A =
g. b = g nd

O z|m Jet o By Jg .z in Yo% 33 Ag
r*':i‘ﬁ =a| ° Ju_'hd. A g'd ar il I 1 it
o 1.000 | C.667] 1.73 30 0.333 | 0.889 | 2,50|0,00556
1 0.9%8 a88| l.76(0.45875 31 32a 891 2.53 526
2 882 7061 1l.79| 22050 32 519 894 | 2.55 398
3 833 7221 l.83] 13889 33 313 B9 | 2.08 473
s 789 737] l.B5 J98a8 4 =0e g98 | 2,70 50
5 |0.750 | 0.750| 1.89]0.07500 || 35 |o0.300 |0.%900| 2.72|0.00829
& 714 762| l.92] 05952 35 254 902 | 2,75 809
' oB2 775 1.95 O 0 37 289 G08 | 2.77 350
a o252 7E3| 1.98 04076 28 283 906 | 2.79 b
9 B25 2| 2.01 Q3472 39 278 907 1 2.81 ISh
1 0.500 | C.BOO| 2.04|0,03000 &0 0.273 10,909 | 2,84 |0,0035]1
11 Sif7 808 2.097 2622 41 268 91l | 2.87 327
12 556 815 2.1Q0] 2315 B2 253 912 | 2.89 213
15 538 221 -2.13 2060 43 258 914 | 2,91 300
15 S17 828| 2.16 1847 g 254 915 | 2.93 289
15 0.500 | 0,833 | 2.159(0.01667 4.5 0.250 | 0,917 | 2.9€ [0.00278
15 LBy 839) 2.22| . 1512 45 246 9181 2.98 267
I7 459 S 2,25 1379 oy E;E 020 | 3.00 257
18 L5E Bug| 2.28 1262 4f 238 921 | 3.02 248
19 il 1 8531 2.31 1151 49 234 a22 | .04 239
=0 0.429 |1 0,857 2.35|0,01072 50 De231 | 0,923 | 3.06 0.00231
21 417 al| 2.36 92 51 227 924 | 3,00 223
22 405 865 | 2.39 922 52 224 925 | 3,11 215
25 %95 BB 242 858 53 £20 227 | 3.13 208
24 385 a7z 2.44 801 54 217 928 | 2.15 201
25 Ja375 | 0.B75| 2.47 10.00750 55 Ca2ly 10,929 | 2,17 0.001948
28 366 878 | 2.50 T 56 211 930 | 3.159 188
27 297 agl| 2.52 662 57 208 951 | 3.21 182
25 349 8BB4 | 2.55 623 58 205 932 | .23 177
29 141 8B | 2.57 588 59 202 933 | 3.25 172
A0 C.333 | 0,889 2.60[0.00555 20 C.200 {0,933 | 5,27 0. 00157
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Tlluatrative examplea

1) Given: il = 15 ot, b = 0.3 m, concrete 2200 with ﬂh a 70 kgfgma
and oormel mild steel with a, = 1400 ngcmz. Fequired 4 and 15.

Solution
r=0./0, = 1%00/70 = 20, table &4 gives c = 2,33 and M = 0.857
Hepee, using ¢t end o unita, we get:

15

d. = IS o L L R -
2,33 500 x 0.3 = 0.545 ms chosen depth © = 70 cm
I 25 = 20.6 cm® cthossn & @ 22 + 2 P 19

s " 1.0 x 0.857 x C.645
dvea of 4 @22 4+ 2 @19 = 15.2 + 5.7 = 20.9 omd

2) Assuming that n = lﬁ. then for the section given in example i,
r = 20 will be replaced by r, = %g x 20 = 30, In which case:

& = 2.6 and q.= 0,889
15
l.2. d 25 m = 0,715 ma chogen t =76 em
15 = 18 cm; chosan 5 @ 22

A = —
3 1.4 x 0,889 x 0.715

The depth and area of tension steel can howaver be deter—ined
from the relations:

40 ]f i o M
i = kl & and ‘a i 43
in whieh
. = C &m o 2]
1 ﬁﬁ: iFEE and k., rl{TH kg/em

In these relations k, and k, are not dimensionless and in order to get
d in cms and i in cmaz, M/b in the equation of 4 and M/d in the equa-
tion of 4, must be in kgs.( Table 4-5 and sheet 11)

ifter the introduction of the ultimate load theory , and the all-
owance of both, the elastic and the ultimate load methods in the de—
sign, 1t seems to the author that the proposed form of aquatiﬁnn:

d=2ea i and A = L

O, b T Ognad

is more coavenient, because from the first look to these equations,

one can distinguish the method and the stresses used in the design.
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Beams of given depth

If the depth is given and the area of tension steel only~is re-
quired, one has to distinguish the following cases:

a) The depth is bizgzer than the balanced depth in whick the full
value of the allowable stresses 1is utilized. In this case, it is suf-
ficient to assume n = 0.9 and to deterzine the corresponding area of
steel.

Zymanle
issume that the e fective depth specified for exanple 1 is 70 cas
and the area of the reguired sorresponding tension steel is regquired.

The 70 cms is bigger than the regquired balanced depth of 64,5 cmsj
if we assume N = 0«9 , then:

i 15 = 18.1 :mE 1 chosen 5 @ 22 area laﬂ

s ® 1.4 x 0.9 x 0.7 i

L =_E - om
Tha actual stresses in the section may be determined from table 1
page 62 as follows:

P=4g /b d=19 /30 x70 = 0.00905 table 1 gives
cq= 5.736 and co= 12746 ' therefore

O = 5.7%6 x 22X 1P | 62.6 kg/ca®
30 x 7

16 x 135- 2
J = 127.6 x = 1332
g 3—0” g 13 kg/cm

b) If the specified depth is smaller than the balanced, oné can
design the section using tension reinforcements only from the first
principles as followa:

. = %
giving Lf e
2 = l.5 4 [l = ] = —I—I-I-E---'I'l' Ay
Z b d (]
Because “
Cm® or E:E O = A
i n(d-z)C .
= - !4._5
5 z
+then
A = b :."'E H—in
a 2a(d-2zx)

Exﬁmuln 4
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Reinforcements cnly.

d = k]!.-'—u-
b

Values of kl and J:E for kg and om uzits

A =

8.=13
* ks

ing of Rectanzular Sections with Teasio

i

a

a, o, | BOO 1000 |1200 |1400 | 1300 |1800 2000. | 2200 2400
a5 iy | 4338 | 558 | 604 |.836 | .676 |.702 | .731| .7s0| .785
“ | 715 | 909 1105 ({1301 | 1499 1697 | 1834| 2092 | 2292

30 | %1 |+459 [ %90 [.B18 [.557 [ .575 [.598 | .22l %55 232
b | 704 897 | 1091 11286 | 1483 (1679 | 1877 | zo7s5 | za7s

35 | E1 | +%08 | 533 | .857 [.479 | .50 |52 | 2 == =307
K> | 594 | 885 )1078 |1273 | 1459 |1585 | 18s2| 2080 | 2258

40 | ®1|+369 | 390 .411 [.430 | 449 [.465 | .84 .502 | .520
k> | 586 | 875 | 1068 |1260 | 1455 |1651 | 1846 | 2084 | 2240

ys | *1|+339 | 357 | 4375 |.392 [.408 [.423 | .a5B] .6558 | 502 ]
¥, | 678 | 8656|1056 |1248 | 1s41 |1636 | 1832 2028 | 2226

so | %1 +31% | 330 385 |.361 | 375 [.380 | L&OL| 515 | 52
k> | 671 | 857 | loss (1237 | 1430 |1e28 | 1818 2014 | 2210

ss | K1 [+296 | 308|321 (L334 | .347 [.350 | 371 383 | 395
K, | 665 | 8491037 |1227 | 1419 (1511 | 1806| 2000 | 2194

s0 | E1|+277 | 289 | 301 |.313 | .32 [.335 | .347] .360 | 367
k> | 659 | 842 | 1028 (1217 | 1408 [1600 | 1793| 1987 | 2184

65 | KL | 282 | +273 | -2B% |.20% | .305 |.317 | .35 -350 544 |
. M| 854 | 8351021 |1208 | 1398 [1589 | 1782 1975 | 2170
70 | R 259 | +283 |.279 | .288 [,296 | .206| .315 | .325
K, 829 | 1013 j1200 | 1389 (1578 | 1771 1963 | 2158

s | % 287 | W358 [.265 | .274 |.282 | .289| .208 | .306 |
B23 [ 1006 |11%2 " | 1379 |1570 | 1761 1952 | 2144

5 3 -237 | 285 |.253 | .261 |.288 | .278| .283 | .290
i 818 | 1000 [1185 | 1371 [1561 | 1750| 1941 | 2132

85 | 1 w227 | +235 252 |a250 [4255 | -263| 278 | <277
ky B13| 9% (1178 | 1363 1552 | 1740| 1931 | 2122

% | & «219 | .226 [.233 | ,240 |.246 | .250| .258 | .2585
k, 809| 988 |1171 | 1357 [1543 | 1731 1920 2110

s | B o211 217 [J228 | .230 [.238 | <283 .28 | <252
ke 804 | 983 |1165 | 1349 |1535 ( 1722 1912 | 2102

100 1 205|210 [.216 [ »222 |.225 | -233| 239 245
E, B00) 978 [1159 | 1342 (1528'| 1715] 1904 | =oos
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Assume that the specified effective depth for example 1 is 60 ¢
only. Then
Applying equation 4-f, we get:

==1.5=5u{1-[/{—-§“15=1°5 ) = 30,8 cms
}IEE:ESE:?D

Eguation 4=5 gives:
o = 12.(80 - 30.8) 70
5 _ 30.8
Equation 4=5 pives: -D n
. 2
Aﬂ F | j x 5 — = 52..5 m
2 x 15(60 = 30.8)

It is clear that, in this case, the stress in the tension steel
will be low. and its amount will correspondingly be high.

= 995 kglom®

Such a gection of limited depth may also be designed using double
(tension and compression) reinforcement as follows.
2. Rectan ar sections with double reianforcementa
Given O_, O_, ¥, b and 4 (smaller than the balanced depth). Required
--i.E and 1;,-
This problem can be solved by three
nethods. Fig. 4=19.
Firat method
By uaa of the i‘l_.mda:!gnta.l principles.
EKnowing O, and Ogs the position of the
peutral ‘axis can be determined from the relation: Fig. 4-19
5 = —-——---—n ﬂu
T G, + 100

Taking moments about the center of gravity of the compression re—
inforcement, we got: S

d ' 4-7

m{a-dr}-unt;g-d-}=u_ or
1acrlt-1--1-}-a;:EE-h{§__a-}=u 48

from which, one can determine "n'

Taking moments about the center of gravity of the tension reinfor-
cement, we get: -

chd-§}+ﬂ!{d-d.'1-l[ . or

ﬂﬁﬁftd—§]+i;ﬂéfﬂ—ﬂ')=“ 49



mowing further that 6l = ~ one can determine Al

Second method

The noment Hl and the area of stesl ‘sl af the balaneced =ection
{gection with temsion reinforcements only designed for the maximum
allowed values of g, and Esﬁ can be determined from the relations:

';',.11 G&'bdg
d=ag m or Hl-*'-'-:E— 4=11
and hgy = }Lh-d e

¢ and A are to be taken from table 44 for the given allowed value of
= Usfﬂ'ﬂt

Fl must be smaller than M, otherwise, the section needs no coap-
ression reinforcement, and
i, = M= ;ll will be resisted by compression reinforcements LE' and
additional tensiocn reinforcements A o where

L 2 B
Al Siia - an 15
in whish n o, (z-d")
L
o z
The magnitude of z can be determined from equation 4=7,
One has further: M,
o B G, (d - ad') B
and
J!LE = ﬁﬂl * Asé'. b=15

Third method: Use of curves.

It has been proved (equation 4=7) that:

o O,
S i R
==§ﬂnas+n¢c dy with r = ' ;' 3

c -
Assuming ¥, =74, d-'=pa, A, =pbod, 4} =I,u“n a and o= UM,
it bhas been found in equation 2-%9 that:

b
O =.¢
T -

Elr' L
d=n E,G_:E' L4=15

which gives
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‘where ==ﬁ'[/% u-%};n:ﬁs‘gﬁfl‘ﬁ.}

We have further:

C =T or crﬁllz-iq...t;cr;:.nsﬁl
nﬁﬁiz-d'} Oy
Substituting nr; = 3 and o = O we get
s ]
bz Z -4 _
O,z +nalo, =% =4 o, or
%—d-l-nﬂ-jﬂ.his—-;-é:}lbﬂr or

{u = ELE ' 4-17

#8 bhawve further .ﬁ.n' = u'.l.s 4-18

_ Thevﬂnsunfnmﬁ}lmﬂminshaatﬁassumhgn:lﬁm
Pt d.".lr"d. - U-QE|

The curves shown on sheet 12 can be used for the dimensioning as
well as the determination of stresses in rectangular sections,

Exazple 5
Givannxlﬁmt,hnﬁnm,dzsum,n -?'Dkg.p"nn and O, =
1400 kg/cm®, Required 4, and A,

Firast method
The position of the neutral axis can be determined from aqunt:l.nn
4=, Henca 15 x 70
z Mm+151?uxaﬂ=25.?1 cms |
Taking moments about center of gravity of compression steel, we

A, x 1400 {m*4j-?uzgiaﬂi.r_ﬂ{gz§25-4]=15:105

giving A, = 22.0 ca®
Further, we have:

u'=15=?u:51§§—17€—“ 887  kg/cm®

Talking moments about the center of gravity of the tminn ateel,
wa get:

?nxiiﬁ;-._lé.r;au--i;ﬂhs;xas? (60 = 8) = 16 x 10°

get:

Ziving Al = 8,35 ca®
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sacond method
For a balanced sestion with O, = 70 kg/ca” and 0, = 1400 ke/on?,
r = 1400/70 = 20 and +table 4-4 gives: ; =0.429, e = 2,33 @and

.“ = Diﬂ'm- S0 thﬂtl m
D6 = E.ﬁ}l# FEE-%-E—E or Ml = 13,8 ot

and
A, = 0,01072 x 30 x 60 = 19.3 cn?

U, = 16 = 13.8 = 2.2 mt

b2 = T oI = 208 o

Ay = 19,3 + 2.8 = 22,1 en

zZ = 0,429 x 60 = 25.74% em

n-ﬂ'-lsx?ngéﬁﬂ_:_“,aaa kg/cm®

25,74
2.2 '
A' @ e -
8™ 888 x.0.58 © 1V ca’

Third method

0.6 = GI#F.E% or e = 2,18

For r = 1800/70 = 20, and ¢ = 2,18, sheet 12 Eives: o = 0,2 &‘,ﬁ- 1.23%

Therefora !
‘!'s = _%%2 x 30 x60 = 22.1 EmE

Al = 0,2 x 22,1 = 4,42 c®

The three methods give nearly the same result,
Example &
2

Eiv&n!ﬂ-lﬁmt,b:}ﬂcm,d-mm,la=2ﬂcn2ud1;=4m.
Rﬂqmﬁdlﬂg and UE-

f}.l- 20/30 x 60 = 0.0111 and ol = 420 = 0,2
Sheet 12 given: ﬂ'-.r'crc = 21,2 & e = 2,20, 80 that

0.6 = E;Elf E?-%Eﬁ's or o, =715 t/a° = 71.5 ksfﬁme
c L]

G, = 21.2 x 71.5 = 1520 kg/ca®
wWhich means that the stressaes in both concrete and steal are high.

wherafora
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3. T=sectlons with tension reinforcements
_-—-'*--h-_*—-_ﬂ_'_

The effective breadth B to be considered in the design of T-sen-
tions is given in 4.4, 1).

Working gtresses in a T—HEEEM

T-sections subjected to simple bending are to be designed for
working values of -‘.‘l;: saaller than those allewed in rectangular gec-
tiona, The reascns can be sumnarized in the following:

i) SBtress distributiocnm along the breadth B of a T=beam is not
constant, but bigger at the center line of the web and smaller at the
edges of the effective breadth B. The average value is smaller than
the maximum, Fig. 4=20. The magnitude depends on the assuzed breadth
B. - B ictusl stress- 3 |
: T  Aver. stress :

| b Pig. 420 | B |

ii) If an element at the top fiber of the flange of a T=beam is
considered, it is found that it is | ! | !

subject to compressive stresses pi- =
rallel to the axis of the beam (due |- i - ;
to bending mcments in the beam) and ' i !
tensile stresses normal to it (due | i
%o bending moments in the slab). 1 '
These tensile stresses tend to red- [ "'%" i
uce the strength of the element and ;

respectively the allocwable stresses, | |
(Fig. 4=21). | | i :

i

ii11) It is more economic to de- —
sign a T-section with a reduced st-
ress (smaller than half the allow-
able stress in a rectangular sec,)
than with higher values., Because '
the higher the value of 0, the
smaller is the depth and thes higher
is the amount of the tension stesl,

Because of these reasons, it Fig, a-=22
is specified in the Ecyptian code thati -



—

The economic design of T-sections zay be attained by using work-
ing stresses not exceeding half the values of @, allowed in rectangular
sections given in table 3-2. At any rate, the working stress should in
no caseexceed 0,75 O, when the full effective width of the flange is
cons=idered in the ealeculations,

If for structural purposes, the breadth B is chosen less than the
specified walue, the design stress can be relatively incresased,

In a beam supporting a hollow or a ribbed slab, (Fig. 4-22), the
solid part of the slab which may be assumed as the effective breadth
of the T-section is generally much smaller than the specified breadth

B of the T-saction, as
B-lEtsq-h:lE:EE-l-m:;‘;EE e » 120 cm

The allowable stress may be increased to 0.B0 = 1.0 a., of the
rectangular sectlion and the design may still be within the economie
limits.

Dimensioning of T-sections

The design of a T-section depends on whether the neutral axis is
inside or ocutside the flange of the sectiom,

The position of the neutral axis with respect to the compression
flange of the sectlon may be estimated in the following manner:

=§&=3.cl,-"ﬁ—-£% but c:lf“lfiﬁj

Tharefore
3251/311-;;5}[‘0':&3 o oo

]

then
= 6 n i
Zr+ 2n E}“cg,
For o = 15, wa get:
= 3D !VH
= Vﬂfc (r + 10) B L
. i
=k = 4=19

in which
k ] 20
Ifﬂ{r+lD}

Using normal mild steel with O, = 1400 kg/ca® and assuming o, =
25 to 35 ksf:m  then r = 56 = 40, and

= 0,15 |.-" 4=19a




=201-

Using high grade stesl with 0, = 2000 kg/ca” and O, = 30 to 40 kg
per em® then r = 67 - 50, and

z = 0,212 ) T 5-16b

In order to deternine the depth of a T=-sectlon, one bas first to
caleulate z (equations 4=19) defining the position of the neutral awis,

In case the neutral axis lies inside the flange (z < t ), then
the eguaticns of dinensioning rectangular sections can be used, one
has only to replace b by B, i.e.

d'cl"'lﬂ'E and 15 UﬂquH

[~

In case the neutral axis lies outside the flange,(z > taj, the

compression zone hawving the form of a T-section can be replaced bty a
rectangular section of breadth By = L B and depth z. (Figze 4-23).

T
c =,
e ————
|. H. i
et
T
F /o

o

Fig. 4=23

The external moment being equal to the moment of the intermal st-
resses, we gebt:
For a rectangular compression zone, By z, we aave:

Z z
M= .&5 ﬂ-ﬂ l:ﬂ = E] = }5 ﬂ'ﬁ z cd i E) Bn_ {R}
For the T-compression zomei

=4, oy Tct'_'[}&cc Bz=jop (z~%) EE_E}] Yot
A ]
‘g
z

therefare

but ﬂ'; = L,."'c
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X=%Q [28-G-t)0 @-w1] 7, (b)

In order to get the same walue for A O.1 O, and respectively
Z, we should further have:

_ z
Tot = ¢ = 3

Substituting this value in equation (b) and equalizing it to the
relation given in equation (a), we get:

2B =2B=(z=t)° (B=1b) /2

Introducing further Bp=nr B than
t
A=1=-0-:%aa-d 8-21

The values of i are given in sheet 15,

§Iamnln

Ziven a T-section with ta =9 cmy D =30 em subject to M = 16 mt.

JHequired d and 4 if concrete C200 and normal mild stesl ape used,

Solution ,
fccording to tables 3-1 and 3-2: 0, = 1400 and g, = 70 kg/en?,

Assume the working stress for concretse in the T=-sec. = 35 kg.r"p.ma
The effective breadth B = 12 t_ 4+ b = 12 X9+ 30 = 138 cms

i o
but 2 = 0,13/ £ = 0.13 T =W ca > t,, thens

One has to use sheet 1% glving the effective reduced breadth of
the T=-section, Hence

t
g B _ 138 _
For = = _.iL# = 0.54. and g —3% = 4.6, we get .A- = 0.9, so that

For g, = 35, Oy = 1500 kgfqmg, = l%g_q = &0 and table 54
glvas: ¢ = 2.4 and 11 = 0,909 therefore
¢ = 2,84/ s = 0.545 = and
550 x 1.2%
A 16 n®

s "1, x0.005 x 0,255 =23 ¢

4lthough the concrete stress is low, the depth is relatively
small and the area of steal ia relatively big, 4 bigzer depth of 58
to 50 cos corresponding to & asmaller working concrete stress may be
oore convendient,



=25 5=

1 6'0 g'0 A1 g*0 6% 0 £*0 2*0 Q=0

;A
—— T T T L
5 HFR “ | _ I 40
| | ISR b 1 d=k1-
i , i \‘ gt
3 wae.m; R FETEES I EE | ~7 G0
0002 oott  |%o 1§ - \% 1
_mojay LEEE ; FEULT B
2 wt I i _ ﬁ&mm 0'F |-
O =0¢ |6¢ =-¢C2 |'D " T &0
A \.._.____...___..._._..\ .____.un_..-r..l
. 1 _ . ¥ I HWMHHX T 1L
w /et g Neteo| = T i mmmmmx&
H\_U_L\\L\“.\\\.“..\....\_\ hl__-___. .m 2, . h..D
1 |
o x\ﬁx&“%mmx\.x ._..__.1.___.._.._”.... |_. |.| N
_ll !._ I|II| || ” - .____\“..\“._.\..“_..._.\\_\L.\..._ .\__..-...__.._ = 3 =iy
4 A LT L N
L e _._._..n r = ml.-ﬂf
=S¥ O i ﬁﬁﬂ“ﬁl\ ._.......\.__._ =
- A A e o 7 B ]
S 1 -.rmm&muxxxh?} O i &
g . zzzzeLaRENNEEN] B £ 1.
B e e D T e o ol e il -} L. ..\;....;...1.._1... = N 2 - o o Sl o ol | m_ 0
L 5 s k-1 Py - —f- q- - m ||\|1..1- L B -1 - PR P ) TR S S T = -
N d BN 1= = 0
™ q ™ - 1_ _m...uumﬂnn g L e A e e B e i O - 1
o1
a - 2
T=u F_u__“lmnm.q gu=Vg. mmm..m o= "

SUOT3o95-1 JO WipEeag peonpey
{MDISHA DIISVIA) DNIONTE FId5IS
€T L1E7HE




-2 0

4. T-sections with double reinforcenants
— _—- “—I—-_‘_—_—u

I% bas been stated before that a T=section is generally more ecoe
nozic if 1% is designed for & pedused allowable concrete stress sgmali-
er than balf the stress allowed in a rectangular section.

It is however possible to reduce the depth of a T=section by dea-
signing the sectlon for the limit of the allowable coacrete compresg-
ive stress which is limited to 3/4 the stress allowed in a rectansularp
section; in which case, the design will be uneconomie,

It 1s therefore not recommended to reduce the depth of a T-ssction
so that the use of compression steel seems to be essential,

A T-section with compression reinforcenent can howewer be design-
ed in the same way as rectanzular sections, in which casey the desizm
will be extremely uneconomis and the deflection has generally to be
chscked,

5« 1=gsections with tension reinforcenents

Referring to Fig. 2-16, the assuoptions, and basic equations 2=
and 2-50, one can proceed as follows:

The posltion of the neutral axis can be determined from the rela=
tion:

Assuning a, / O, =T and z =t“d, then

a - . .
z'I‘T-I- ud-gﬁ where 'g r+£n

Te have further:

_Bz G z :
ﬂFﬂt‘T?(d-E}nﬂ or
Bt a4 g L ad
a5 (@-3) =1t -
'1=I/—"T5- Ver aF
5(1-4} e
d
d=¢g 4=22a
7 3
whare :
c =
I’tfl—EJ‘
~ssuning BE=25b then
d=e -—--a,}r'n =2z
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wheres E:I.Ht.‘(l- 3 and

O Jot 0, (1-30%) " G d(1-5/8) or
A = =
i 2= T s
1= -3%/5)

The valuaa uts,ca.'n.ﬂqrurnnlﬁlnﬂ;dﬂfirﬂnt wluann:tr-r
are given in table 8-5,

Table 4=5 DimenEiM uf'l—sacﬂunu with tension miuimnmggta
£ T

10 15 20 25 30 35 40 45 S0 55 |' &0
0.706|0.57110.880 10,414 |0.364 (0.325 |0.293 [ 0.267| 0.245 | 0.226 {0.211
0,82%|0.857 |0.88010.896|0.909 (0,919 (0.927 (0,933 | 0,939 |C.543 (0.946
242735 (24875 |2+665 (2884|3011 |2:175 | 3.328 3.4870| 3,611 |3.752 |3.575

ol |3 [ |5

Por sections with tension reinforcements only, if an 1-section is
campared with a rectangular section having the same breadth b, it is
found that the depth of thl'i-anﬁimini 15% more than that of +the
rectangular sectlion.

According to the Egyptian Code of Fractice, an™]-sectlon, that is
not liable to rotate, is to be calculated as a symmetrical T-secilon
of flange breadth B'; where B' is the smallest of:

4.5 t, + b + ha"
1/6 distance between points of zere bending moments,
1/2 width of adjacent Tield.

Zxmmpole ty
Design the |-section shown in Fig. 524 to carry
a bending moment of 8000 kgm. Concrete quality is 4
C200 and normal mild steel.
Solution | Ay Leedd —1
Allowable stresses according to tables 3.1 and 4-2!35 o
3.2 ave: @, = 1400 kg/en® , G, = 70 kg/en® 1.e.-
r = 1400 / 70 = 20 ' Pig, 4—24

Assuming & section with tension reinforcements only, the sectlcn
can be designed by one of the following three different methods:

a) arsing table 4=5, b) as rectangular and ¢) according to Egypt. code.



=205~

a) Design according to table 4—5
For r = 20, table 4-56 gives: n= 0.88 and C = 2,665

g0 that
i1 M BOOD 00
1=C)/gp=2665) e =57 e aad

u 8 000 00 2
"¢ "GN d " T800 x 0,88 x 57 = L4 ca

b) Design as a rectangular secticn
For r = 20, table &4 gives: n= 0.857 and c = 2,33

g0 that -
d = 1.15 x 2.33 |.!‘ =2,66|/8990 00 _on 5 o and
F;T - 70 x 25

o B 000 00 2
A o = = = —— -
8 "0;Nd 1400 x 0,857 x 57.2 et -

¢) Design according to Egyptian Code
E‘=4-5t5+'b=4_.5110+zﬁ=?ﬂ cm

Assuming further O, =k x 70 = 35 kg/em®,
r = 1400/35 = 40 and +table Ylt givweas N=0909 and ¢ =2,84

Therafora:

I;‘u _ BOOD 00
d= o m._E?Bﬂ-V;S—I?E-ﬁlm and

BOOO 00 =128 et

q‘ﬁ
As = 1550 x 0,900 x 51

dssuming 4 = 57 em, then G_ will be smaller than 35 kg/en® and

one may assumes: Vo = 4=t /2 in which case, we
hawva yutnﬁ?-lﬂf2=52¢n and
- ¥ _ _ 8000 00 2
YT, "W x5z ~ 10 o

B. ]-sections with double reinforcenents

The dimensioning of l-sections with double reinforcements can be—
done basically by using the second method explained in rectangular sec-

tions,

7. Triangular sections with tension reinforcements only
For given values of 0. and O, and referring to Fig. 2-17, one hasi

EE?I:I:d-:



2=
Aasuming that Ea.a'ﬂ:-:r and z / d =13, we get:

% n
g .

Tp=Na=a-2 refer to 2=52
or

Assuming further that the total depth of the sectiom t is 1.08
its effective depth 4 or + = 1,08 4 and solving equation 2=5% for

d,
e H_Ebzaéa-&q.uhtaaﬁq-}ﬁl
e © B x 1,084
or
2w G.48 u
i 6, b3 (- %Y)
d:tcl,i‘a-—-HE )
MENE a.- ud
where
l==.1 6. 48
VI-%
Asauming h=Pt‘=1.mlp¢1 then

dE- 5,48 M d.}: & M or
1,mﬁ¢|aﬂ§ (1 =%3) = g Py (1L =-%R)
dn-f/ﬁ ok w
3
[ - ’ & _
¢ l/gzu-;m
M
LB=E-—‘-_[--E 425

3
—-

In both cases:

The valuea of ¢, o' and rl for n = 15 and different values of r =
0_/0, are given in table 4-7.

Table 4-7. Dmmiuning of triangulaer sectlons with tension steel only

10 15 |20 | 25 30 |35 |40 | &5 | 50 55 | 60
0.606/0.500 |0,429 |0,375|0,333 {0,300|0,273 0,250/ 0,231 0,214/ 0,200
0,700 0,750 (0,785 |0.812 0,833 |0,850 | 0,863 | 0,875 0,684 | 0.893| 0,900
5.071|5.879 |6.597 |7.533 |8.376 |9.258| 10,04 | 10.88|11.72| 12,59] 13.42
e'|2.877]3.174 |3 463 |3.746 [4,020 |4.281 |4.535(4.787 | 5,025 5,274 5.503

ol s|l~|Hn
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8. Irianzular sections with double Hiﬂg{ﬂﬂm%

In this case also, one can proceed in the gama way as in the so-
cond method shown 1o rectangular sections.

Exanples
1) It is required to desigm a triangular section subject to H =
5000 kgm if conmcrete (200 and normal mild steel are used., The breadth
of the section b is double its depth +.

Solution

dccording to tables 3.l and 3.2, the allowable stresses are:
0, = 1400 kg/ca® end O, = 70 kg/om® which mean that r = 20. For this
value, table 4=7 gives: n = 0.785 and o' = 3,463,

Therefora, for Fq, = 2, we geti

3
1 i - D‘:'-
dwo [,r"m 5,4;3i(.§%—§-—2— 55

80 that t =57 en and b= 1143 em

u 5 C
Lt ETRT T I o EE C 0 & 791
2) If ¢ is chosen 50 cms only, dﬂtaminn.luanﬂ.i;.
Solution

Using basically the second method explain—
ed in rectangular sections, one can proceed as
followa: Fig, 4-25. :

The maximum moment that can be resisted by
a triangular section, 50 cms deep and 100 ecms
wide, if tension reinforcements only were usad
for g, = 70 kg/en® and G, = 1400 kg/ca® (i,e.
r = 20), can be determined from relation 4—24a
imowing that d = 46 em, o' = 3,463 and B=2.
2 u

1
45!59453 :?—E-;'.'._E ar H:ﬂﬁﬂmuﬂ

The corresponding reinforcement is glven by:

M
= 3250 00 2
A = s
8170, Nd " 3400 x 0.785 x 46 © Ot =
Table 4~7 givea further T = 0429, 50 that z = td= 0,429 x 45
or z = 19.7 cms. Assuming that the compresaion steel lies at d' = &
cas Irom the upper surface, the moment H.a = 4 = Hl will be resisted
by additional tension steel A - Bcting at a stress 0, = 1400 k.sfmz,
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and compression steel acting at a stressa n:ré_ wheres

0y =00 222215 x 70 x 22L=2 = 838 kg/ca®
Therefora ;
.a = HE = o= lm-}u mEE
82 (d = d4') 'I‘II"E (46 = 4) 1400 2
=
i 6 _ {5000 - 3250) 100 _ 5 >
- ={d-d.*} E; (46 — &) 838 5.0 cms

Ay =Agy + Ay = 6.4 + 3,0 = 9.4 cma®
L]

3
-.-H tsEsssEsdssnanannan. B E-D etrit: gy

total =14.4 cms®

3) Dimensioning of sections by the ultimate strensth method
Recent codes of practice give all necessary provisiocns so that
the intended safety is ensured. As stated before, safety is normally
assoclated with adequate warning which, in turn, requires a dssi
for a ductile failure.

For sections to be designed according to this method and refer-
ing to eguations 3-12 to 3=18, it has been shown that:

l. The ultimate resistance of the section must be bigger then or
egqual to the ultimate moment h[u which may act on the section. I:Hl in
to be determined according to provisiona given by relations 31 to 35—
4. Por the general case of dead loads g and live loadsa p, we haves

%'1:5"5'* 1,aap

2+ The ultimate compresslion on the section C is resisted by the
concrete campression zone of height z. The stress distribution due to
C is assumed rectangunlar with a maximom ordinate = 0,85 fr.: and a bei-
ght ¥ = 0,85 z where z ia the height from the neutral to +the
edge of the compression zone.

3. The total ultimate tension T is resisted by the tension steel

only, and for ductile failure 0, = ::'.l"

4. In order to have ductile failure, the ratio of the tension
steel J‘“ must be smaller than the balanced ratio ’p.h. (Refer to equa-
tions 2-69a and 3-=13).

5. To ensure ductile failure, it is recommended to choose:

Paax < 075 My

his ratio corresponds to the minimmm depth of a sectlion with tenslcn
reinforcementa only.
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6. The ultimate moment of resistance of the section O Foro O T 7.
aust be reduced by the capacity reduction factorSL given in article
3=2. For simple bending Si= 0,9.

7+ In order to avoid sudden failure of the tension steel, its ra-

tio is limited by a ninimmm wvalue
ain = D.Uf? ]

except in cases where the chosen amount or tension steel is 30% mope
than the scalculated amount.

« The deflection of a beam is to be checked if the steal ratio

is bigzer than:
0ale fﬂp}’f? = 0.18/¢ refer to 3=15

This ratic gives generally a convenlent design.
Wz glve in the followlng, the design of scme commor Torms of sac—
tions,
1. Hectangular sections with tension reinforcements onl
Refer to Fig. 3-8
and f?' Required & and Age

Given Hu' b, fc

D
It has Dean prowved that:
t& = )11 fjf 0.72 refer to 3=12
M, =520 5 o
M, =m, fcp'hdz refer to 3-16
and W
- u
d=a E;-,TE rafar to 3=17
in whisch
e = _:L_ = l/ 1
l mﬂ- 0:648 1= U.‘I-EE {'
and
E,ﬂ =S17 Yot or
A = n“ refer to 3-18
o2 B
in which

N= 0.9 (1 =0.425%)
Table 4=8 gives the wvalues MK' m,, e a.ndrl._
Sheet 14 gives the wvalues nfnmdqrnrdi:ramthmnrﬁe

Heso.72,
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Table 4=8, Dimensioning of rectangular sections with tension
reinforcements only U S D

§=2/4 :_g 2 lz 3=;_;;; = e n
C.05 |C.0317 | 5.32 C.E58 o.2¢ |c.185] z.90 =
c.05 |c.ozvs | s.1n | 0.B8 23.22 | c.1202| z.78 JE3
2.07 |c.cano | 2.77 | 0.87 0.28 | 0.1557| 2.68 | 0.2
C.08 |C.CS0L | 2.57 | 0.87 0.25 | 3.350. | .38 | ©b.EC
5.02 |G.0381 | &0 .57 o.2e | 0.130 | 2.5¢c | c.7e
0,10 |c.os21 | 5.01 | c.55 9.30 | 0.170 | 2.43 | ©.7ES
c.11 |o.0560 | 3.8 | 0.85 0.32 | c.as0 | 2.35 | c.7E
Col2 |C.0738 | 2.58 | Q.85 o,58 | c.ass | =250 | c.o
C.15 [0.0795 | 3.5& | C.85 0.55 | 0,185 | 2.25 | 0.73
C.13 |0.0853 | 3.:2 C.85 0.38]| 0.205 | 2.20 | 0.75
0.15 |c.0910 | 3.32 | C.B8 c.a0]| 0,235 | 2.15 | €.75
0.25 [0.0835 | 3.22 | C.5% 0.45 | D.235 2,05 | 0.73
0.17 |0.1022 | 3.15 | 0.85 0,50 | 0.255 | 1.98 | 0.71
c.18 |0,1077 | .05 0.83 0.55 | 0.273 1,91 | 0.50
0.19 |0.1132 | 2.98 | 0.83 0.50] 0.290 | 1.85 | 0.57

For given qualities of concrete and steel, the value of @ = r}jrc?
i3 knmown, so that the magnitude nfjpl. o be chosen can be determine’.
However, for min, depth Ju, = U.'.?E,H.h
(for normal cases, these values are given in table 2, page 8s8)

for conv. depth UL = 0.18/p

Having h:nm;.t, the value of ¥ can be calculated fromrelatiion >3-
12. The corresponding wvaluea of ¢ a.ndrl. required for the design are
+hen extracted fromtable 4—8. In normal cases one may assume: (4=27)

For a coovenient depth d = 2.65 ;- and A, = m———
min, depth & A 2.0 |,«" Tu A u
For - max d = - e

_ﬂ 3
:I.'I=II b 8 0,71 £ _4a

Hence, the ultimate moment at fallure for & sectiom subject o
gimple bending with tension reinforcements only (taldng the specified
reduction factor in consideratiom) 1s therefore given biy:

H'I‘.L = ﬂ-_.EE fup b ﬂa Sassassesmes s s sl

ﬂu = 0,71 f:r L.E d ssssasnsnsssasssh

428
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2« Rectanzular gectlon with double reinforcement

L |
If it is exceptionally required to desigm =

T T e
2 section for a limited depth smaller than that “s | E
corresponding to the balanced ratio of steel, : a4 | : "
i.e. (Pig. 4—28)
: ¢ TR .":E.._L' = T
a {2/ 2 429 5
cp ]

compression reinforcement may be used, Fig. 4=26
The neximm ultimate moment that can be resisted by a rectan=ulcr

section with tension reinforcement so that tension failure is ensured,
i= given by equation 4=28 a. Hence

. = 2
"Hll = 0.25 fcp b 4
The corresponding area of tension steel {ﬂ.'?f;}[h} is given by equa-
tion 5-28 b, Hence

L350

Ir %) 5'-&111 th?n H,nz =i - i is %o be resisted by compress-
ion reinforcement A, end additicnal tension steel A a2 50 that

L]
HLI:E tﬂiﬂ f,r (d = 4') :ﬂ.ﬁ.sz IF {(d = dr)
or

1
""EE':‘"a’qufﬂ'rr {d = 4"} =352

in which 4' = cover of compression reinforcement., The total tension
reinforcement is therefore:

.l.' = iﬂl + ..I.EE =33
1t is recommended to have:
L]
1. Ay (% Aay
1!‘- .-L! < 1!-_5 131
2. ¥y 2 a
il.8. Tt < d - 4"
This condition insures that the stress in the campression steel at

fallure reaches the yield stresa by speclfying that its line of action

lies nearer to the outside fiber of the sectlion than the resultant con-
pression C acting on the sectiocn.

3« It is highly desirable, for reasons given earlier, that failure

takes place by temsile yielding rather than by erushing of the conc-
rete, Thia can generally be ensured if condition 2-76 is satisfied,

Hence Jﬂ - /]_' £ ﬂ.'?E!L(-b
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lustrative Examples

1. Using the ultimate strength method, it is required to determine the
depth and area of tension steel of a rectangular section of breadth b
= 30 cms subject to a dead load moment HE = 14 ot and a live load mo-

ment HF = 16 mt,
The materials used are concrete C200 and normal mild steel having
a yield stress f? = 2300 kgfnma.

Compare the results with those determined according to the worlk-
ing stress method.

Solution

a. Design according to the ultimate gtrenszth method

The ultimate moment is given by:

i, = 1e5 HE + 1.8 Hb =1.5x 1% + 1.8x 16 = 21 4 28.8 = 50 mt
165 kgfame
2300 kgfcma

A convenient depth and the corresponding tension steel may be
chosen according to egquation 4-27, Hence

_ 0 x . _ 50 x 107 _ 2
d = 2,65 %“-—3-5 Bhoth cm & A ST 00 =Ty = B2

The minimum depth and the corresponding steel are given by:

d=a.n|:’5ﬂ_1.£5=5_ £ A 50 x 107 = 48, 2
165 x 30 ik 2 0.71 x 2300 x 63.4 Bk

b. Desien according to the working stress method

Tables 3.1 and 3.2 Eive:

~llowable concrete compressive stress O, = 70 kgfnmg
iAllowable steel tensile stress sesncssssaaias O = 1400 kg/ em®

So that = 0J/0, = 1400 / 70 = 20

Table 4=4 pives for r = 20, the values: € =235 & n= 0.857
For ¥ =14 4+ 16 = 30 ot we get:

& |H19..x_1'3..5=35 b A = 30 x 107 28, 2
2 70 x 30 cm S 1400 x 0.857 x 28 = oo

¢: Assuming a depth of 88 cms and determining the steel by the USD

Design compressive stress B e R IEP

Tensile :‘i'ﬂ‘ld.. atresa of ateel FrEssssmsssssan f?

Equation 3-16 gives:
o u, - 50 x 1D5 = 0,120
© fep bd® T 185 1 50 x BEe
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According to table 4-8, the corresponding rlia Elven by: n= 0.82,

So that i
: £ e Hy 0 x 10° R
s~ T,;n1d 23500 x 0.82 x B8 2
d. Check of streszes for the mjn.i.ta.md.gsth of- 63.4 cms and the
na:‘reggm ateel area of 4-3.5 o1 am:nrdi_ng to tl_:e =]
For M=30mt , b=-30cms , d=63.4 cus and a==4a..5¢.-;3
wie hawve:

A
_z:f.r'l:—lq,Vl.bg—E—b.}

o
15 x 88.5 ,_ T 63.4 x 30 =
g = 55 ( 1+]/1+ 15 x 5.5 ) = 36.5 cm
o = 2 x 2 x 30 x 10° 2 107 kpfes?

ST bz (d-2/3) 30 x 3643 (63.4 — 36.3/3)

Such & high value is not allowed.

_ ! - 30 x 10° - 2
%= I; (4= z/3) 48.5 (63.4 — 36.3/3) mae i

o, Required reinforcements A_ and A} according to the WSD

For M=30mt , b=30cms , d=63.4cms |, Gﬂ:?{]kﬁ-‘ﬂz

a.u.d.::rsnlﬂmhyma.whaﬁt r = 1800/70 = 20 and
3.4 = C = ar e = 1,675 an
sheet 12 givas: of = 0.8 B /"'l = 2.1 & or
2l
4, =322 x 30 x 63.4 = 30 cn® and
A' = 0.8 x 80 32 e

total =72 en®
against 48,5 cm° required by ultimate strength method.

Tt can be seen that for a depth of 63.% cms = d_, , the secticn,
calculated mccording to the working stress method, needs 32 cn® comp-
ression reinforcement. It has been proved by tests that the ultimate
moment of the section is approximately the same as glven by the ulti-
mate strength method without all thia uumprlséinn raiuiérrnmnnt. This
means that by using the USD-method there is a wide range for choosing
smaller depths without the necessity of compression reinforcement,
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2« It is regquired t_n desizn the beam given in the previous exarple if
the paximum total depth allowed i= 60 cms,

The theoretical depth lsa, in this case, linmited to: d = 55 cms
The minimum depth without compression steel is given by:

d=EVLTuJIGPb=EI/5E}110§flEEI§ﬂ=55,4 am8 » 55 coms
The maximum momant Hul that can be resisted by the given section,

according to eguation 4—28 A is given boy:

Ly = 0425 £, b @ = 0,25 x 165 x 30 x 55° = 37.4 x 10° kg cm
The corresponding tension reinforcement, according to eguation 4-—

28 © is given by:

gy =¥y, /0,71 £, a= 37.4 x 10° / 0,71 x 2300 x 55 = 41.6 @
The moment to be resisted by compression steel and additional ten-

sion steel is:
Mo = M, =My =50 X 20° = 37,4 x 10° = 12,6 x 10° kg em

Al=d =4, /22 (d-d') =12.6x10°/ 0.9 x 2500 x 50 = 12,2
4 ' on®
The total tension reinforcement is therefore given by:

Ay = Ay + A5 = 4L.6 4 12,2 = 53,8 o

‘Total A_ + A_" = 53,8 + 12,2 = 66.0 ca°

Limitationg:

1. A, {154, bt 4 =53.8ca and A = 41.6 ea®
l-l'5 x "I'I'll'E = EIE-E‘ ) 5358 1931 condition 1 is Batiﬂriﬂd.n
It is known that HH: =4 IJ" Tat g0 that
oy =My / Ag £ =50 x10° / 53,8 x 2300 = 40,5 cm { 50 cam
which means that condition 2 is also satisfied.

3« To wverify whether condition 3 is satisfied, espeeially becausae the
depth 1s small and the percentage of tension steel is high, we

baveas
U= ) 5__..]'{]“ {!LE_' AE‘] _ 100 (55-5-12.2]__252%
I;.Jl JILA bad - 5‘] T 5§ — T
j”b can ©e calculated from equationm 3-13; thus
f
u, = 3536 - 2300 .
6 T p{(5300 + 150 but ¢ =gl =St e
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Py = mrTEstt e300y = 377

0«75 .ru'h = 0.75 x 3.77% = 2.838 » 2.525%
which means that condition 3 is satisfied and it is ensured that dus-
tile failure will take place. _
It is recoomended that a special check of deflection be made if
fo=pmt > 0,18/F o In thia case,
D.18/f = 0.,18/14% =0,0128 is much smaller than g —i' = 0.0252. 4 check
of deflection is therefore regquired.

so that:

3« T=sections with tension reinforcements only

In the T-beam design, the flange ls usually determined by the sl:zb
design, and the web alze —breadth and depth- is often determined by
shear or requirements other than noment e.g. economy. The depth zay
however be chosen ac:-:urd_‘l.nlg to the methods given in the working stress

desipn method, i.e.

P - |
2 DSl 2

Ué Bh- g Br

so0 that the desipn for mcament includes only the cholce of the area of
teansion steel .LE. A cheek of brittle fallure and some consideration of

d = ¢

deflection.

A flange of T=-section provides generally enough compression ares
+o eliminate the possibility of brittle failure in compression. This
is frequently confirmed by a nmeutral axis which falls high in the Ila-
nge and turns a T-beam design into the design of a wide rectanpular
beam.

The ratio of the tenalon steel {u must be amaller than or egual to

0.75 the balanced ratlioe, 1l.e.

ML u.?Sﬂh
and, as C = T, the actual compression block is restricted to 0.75 of
the balanced conditiom; this will generally lead to y { t.. Thus most
T-hea=s are only rectangular beams in flexural behavior. The nethnfis
shown in the analysis, Figures 2-25, 27 and 28 can be used in the de—
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iza as will be sheem In the fellowlng exazple,

]

Zxample

4 Tloor system consists of a 10 ca conerste slab supported by con-

tinuous T-beams 9 ms aspan. Assuming that Hg = 15 mt and JP = 25 ot ,

getermine the tension steel at midspan if high grade steel with f? =

5200 Rgfﬂﬂa and gopcrate C200 are used. dssuae © = 90 cms and b = 30
CoO8.

a., Checlk of the assuned depoth

d = 0.5)/ :;— in waich
My
B, = A B, and B is the smaller of:

B=12t 4+b=12x10+ 30=150ca and 1/3,5 = 900/4.5 = 200
TG

Mherefaore B= 150 cm
azoording to working stress design oethod, we have:
Position of neutral axis (equation 4=19 b) is given by:

: = 0,112 ’-;1 = 0,112 "“1—[’;"’ = 18.3 cms so that
- 3 't
. B 150 5 10
gcoording to sheet 1 havay T - = - — i ———
g 3 we or = 5o 5 and - 18.3 55
A= 0.B4y 80 that B, = A B = 0,84 x 150 = 126 cams and

d.=ﬂ.5|.-"’£t?-_—§+--gu - B oms

Ther=fore, the assumed total depth t of 90 ecms (d = B5 cms) is accept-

ablae,
b, Area of tenslopn steel according to ultimate strenzth theory

f, = 1.5 .+ 1.8 u&, = 1.5x 15 + 1,B x 25 = 67.50 at
If the atress block depth ¥ were egual to the flange thiclmeas of

10 e¢xs, then th.d—fﬂaﬂﬁ-5=mm end
2

Mu = S7s3 = 261 l:i.l.E

A = =—— =
8 St f}! T,.:t D-E‘ x _5-5 x G.HD

Chereforsg fln Asz d = 26.1/150 x 85 = 0,.00205

=0zlylng equation 2-78, we get:

UL, 4 5 00205 x 3500 x ot

A =
T 0.72 x 155

0.0 = 5,26 cas
cP

3]
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z being soaller tham €., then the section behaves as a wide rectang-
ular section with breadth B = 150 cm and effective depth d = 85 cm.
Using ‘I:-H.blu 4=8, we have:

F T‘TEE __'Zﬁwzl 0.0 have 0.8
sl o 155 x 150 = BT e rl s

a 52.5 x 10° _ _
Aol A f’[ﬂ- 5&-‘.30:!53::55 < ca

I£ it happens that 2z » t_, a T-beam analysis is indicated and’
one can proceed in the following manner:
a) One determines the ateel J.ﬂ'_ required to balance the compressive
force in the overhanging portions of the flange (equation 2-79). In-

troducing the capacity redunction fmtur y wWe geti
D.B5 T (B = I
co 8 sy
!'Hl = ﬂ.ﬁ? -q-"_'.'.l-i-

0.85 £,
The force Ay j‘ _"?.T_E (B = b) ‘L' acts at-a lever Ara =

(A - % ta] to provide the reslsting moments:
Mg =4, rr{d-}étaj 435
b) The remaining moment qu = LIu - ¥4 will be resisted by the comD=
resgion in the rectangular portion of the beam. The corresponding m,
is glven by:
i P
Ic.p |- I &
and the required area of steel 4 . = A, = A 4, cED be ealeulated froo
the relation:

M
= 2, 4-36
y 1
where n is %o be extracted fromtable 4—8; and
e) A, =4y + A 437

Tt has also to be checked whether ductile failure is ensured by
satisfying squation 2-84. l.e.

M= fy & 05y,

A check of deflection has alsoc to ba mada if
‘_,{1 - ;111 > 0.18/¢
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whera zﬂ:iaf'bd and }11=.&.31;"hd

Assuming that the dimensions of the T-beam of the previous ex-
ample are limited to: b = 25 em, t=65am, d= 53 cn and £, = 8 en
then, B=1l2x84+25=121cn

If we sssume that y 1s equal to the flange thickness, then:

T e 0.0055 x 3500 x 58
A= DT = 0:0055 and 5w 0TI IN._ 04

z being bigger than ty» & T-beam analysis is indicated, decording to

equation 4-34, we have ;

i o 0.85 :E_{B = b) ta _ 0.85 x165 (121 - 25) 8

sl Kz, B 0.9 x 3800
decording to equation §=35, we have:

g =R Agf (A= %t,) = 0.9 x30x 3600 (58 - 4) = 52,5 x 10° ke cn

= 33,33 -cn°

3
80 that o = My = My =675 ~52,5=15 ut and
Yo 15 x 107
m = 0.01
- fﬁphdztlﬁ_S:EEIEBd! 73
The value of N according to table 4—8 is given by: n= 0.7825
- 15 x 107 " 2
e - £, 4 - 3600 x 0.7825 x 58 - +10 oa

The total amount of steel is therafore:
.-'LB - L'.Hl + iIE = 33.33 + Dels = 424_._'!-3 cm

Hence, we have;
M= A/b d = 42,48/25x58 = 0,0292 and M =4,./bd=o0,023

0
Ay = El.BTE“ﬁDu; ET Zecn) T 9el

il.e. P '}11 = 0.08% = 0,0230 = 0,0062 and ﬂ:‘?S_}lb = 0,157, =0
that U - U, ¢ 0.75 iy, 1.e. dnctile failure is ensured,

Farther, we have: 0,18/ = 0,18/21.8 = 0,00825
i.a.l",u. —}11 { 0.18/¢ , s0 that no check of deflection is required,
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4. Ssetions of other” forms with single and double reinforcements

Following the principles explained with respect to rectangular
and T-sections, any other symmetrical form of section with single or
double reinforcement may be treated.

A3 an exasple, & triangular section subject te simple bending

will be treated for both cases.
4-a, Trianzular sections with tension reinforcements

Given: X , b, rc,:_ and :r?,

Required: © Enﬂ.AE. One may
ggsume hers: %/d = b/bY = 1,08,

(Fig. 4=27) S
Solution iz, 327
We have: C =T or  0.85 fg 12-5 =4 L, but
%:E, y=0.853 z=%d t=1084d b=1.080", le.
A, =M: BT a=0463UDb4d so that v = 0,787 b,
Therefore 0,85 f,, %—i. 0,85y d=0463 b AL  and
nowing that .f! / to=¢ then

0.614 ¥ 2 =fe or y= 1276/ M@ weneuiniiassennans 438

The area of tenslon steel can be determined fromthe relation:
P
uuz:-'.?.-r{a.--?"i}-_n,gaﬂrru-n.ﬁ?ﬁ}ﬂ or

M, =45 T 1 d giving

rl = 0.9 (1 -ﬂ,ﬁﬁ?ﬁj

whersa

Wa have further

2 T 2 ¥
%=nc(a-—f:-n,9—e-‘!.a.55rﬂ Ed-—TJ and
substituting v = 0,787 bl.; & 7= 0.85 Ed., we get:
%:u._aaefbdzrq {l-ﬂ-ﬁﬁ?i}nmchphdz or

=]
=11 = FESAREFOEEREEE R il
o - B E . " - o

op
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in which my = 04266 3 (1 = 0,567 ) and

ﬁ= ﬂ'- EL'-‘\“E FEEsdEFEaEdEASFREESEREES Hl

If b/% :F., and t =1,08d4d them b = 1,08 r.‘.'a.. Substituting
this value in the equation M =m fﬂg b d.z,, we get:

Hy =my £ (1,08 AB) & =&, £, B & where F, = 1.08m,
so that 3/
¥ u
d=¢c isssnsssnnnssnnsnns U=l
fﬂp i
in which _ 3 T
=/ Toa =,

The values ﬂf%.ll » By © and ¢ are given in table 49 assuming
t = 1,08 4.
Table 4-9, Dimensioning of tri ar sections with tension reinforce-
ments only by USD-method

04350|0,400| 0,450 0.500| 04550 0.60010,650(0.7000.750|0.800|0.850
0.722|0,695|0.5671|0.644|0,619|0,5%4 0,568 |0,543 [0.517 |0.491 [0.456
0.024|0,030| 0,036 | 0,043 | 0,050 | 0,057 | 0,071 0,079 0,086 |0.093 | 0,100
6,455 |5.774|5.270 | 4,822 | 5,472 | 8,189 | 3,753 | 3,558 3.410|3.279 3.162
3.380 5;15? 2.952 2,782 |2.645(2.531 (2,354 [2.271|2.208|2.152 |2.100

mn[nu-—"laf*'

For minimm depth, = 0,75 Enowing £, and £, @ andll,
can ba destermined from eguation 3=13; so tha.tﬂ for minimum depth is
known. The corresponding valus of h can then be calculated from equa-
tion 4-38., For this value of ig*. ¢, S, and f] required for the mininm-
um depth and the corresponding area of tension steel can be extracted
from table 4-9, They can ganarally be givem by:

d }q. _E' or > f

= 1, g

*ﬁw
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a,b Toiansulas sestions with double reinforcecents

If it 1s exceptionally required to design a triangalar secticn
sopr a linited depth smaller than that corresponding to eguation 453,
comoression reinforcements, using the saze zethods ‘applied bafore,azy
be used as will be shown in the following examoles
Lxz—ale

A triangular secticn with b = 60 cm is subjected to I, = 12 ot.
If £ = 3600 kg/ca- and rﬁg = 200 kgfca-. Determine:
. The minimma totzl depth t and the naxioum area of tension steel . _.
2, If ths madioundepth allowed is % b = 30 cn, deteraine A_ and it -
if required-.
Eﬂlﬂtiﬂﬁ

l. Sguations &4=43 Bnd Hedily slives

i 4 - I;’_lz_ -
mEin: d = J.4 ?:Fl—h 5?4 5000 = 0.6 = D.3% o f.2s

ain, t = 37 ca

[

=y
maX. & - et} = 1= = e
8 T 0.51 £; 4  «51 X 3.5 X Ou3% 19e= e

2, dax. t = 30 em (37 cu determined in 1.), then, compression rein-
forcenent is reguired.
“nl

A= 27 = 3.4 5560 = OB or !‘:u]_ = 7.680 nt
=] 2
1 = - = 1 -
s T T i
L ﬂ:u—mlf.ul= 12,0 = 7.6 = 8.5 mt
= A4 2
AY = a4 = us = 5.
s 5 0.9 rr {d e d-'} ™ 0.9 x 3.0 x 025 5 7 e
2

5o +that, total amount of steel in the sectiom is given by:

Total i_ = 26.80 emie

This patis beiug wery kigh, a special caeck of deflection is essentlal.



=2 24—

4.5 3Shearing Forces and Diazonal Tension

Egnaral considerations

The dinsnsjions of a beam are generally deterained to meet its flex-
ural reguirements§ im addition, it must be safe azainst pre-ature fail
ure due to diagonal tenslion resulting mainly from the shearing forces.
The analysis of beams subject to shear and diagonal tension 2as been
shown in 2.8. '

Beaas may be designed with cross sections sufficiently larse that
the concrete can resist all ths diagonal tension; however, it is ze—
nerally zore econoaic to use the smaller dimensions required for bend-
ing and to provide the beaa with additional steel called 'web rein—
forcement' to carry the excess shear zreater than that waich can be
carried by concrete alone.

Jeb reinforcement to resist diagonal tension wcay take one of the
following forms: Figz. 4—28.

1, Bent bars; angle of bent with axis of beam lies between 30 and
50 degrees (normally 45 degrees).

2. Stirrups normal to the main longitudinal reinforcement of +the
beam;

3. Inclined stirrups; angle of inclination with the axis of the
bﬁﬂﬂ;) 30°.

The stirrups given under 2 and 3 may be cleosed or open with two or
Zore branches.

4. Any combination of 1, 2 and 3.

The stirrups must generally be properly anchored in the compress-
ion zonme of the beam.,

One of the main functions of stirrups is to make the compression
and tension zones of a iam act integrally and therefore they have
to sxtend over the whole span of the bean, They are generally chosen
5 to B =2 diameter (eventually 5 ma diaseter for s=all beaas znd 10

== diazeter for exceptionally neavy beamns), and egually spacsd, 5 to
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7 per meter. In special casss, it is allowed to change the spacing ,
and eventually the diameter along the axis of the bean, wider spacing
and swaller diameter at positions of low sheap stresaes and closer
spacing with/or bigger diameter at positions of high shear stresses
as shown in Fig., 4-29,

Bent bars are generally a part of the tension longitudinal rein-
forcezent of the beam. The reinforcezent which is no longer needeq
for flexural tension is bent at positlons of high shear stresses as
shown in Figs. 4—28a and 4-29, |

Determination of the amount of web reinforcement
the worki atress— desi method

One can determine fhe amount of web reinforcement required in a
beam in the following manner: Fig. 4-30. y

1- For ths shearing forces Q acting on the beam, determine the di—
agonal tensile stresses at the different points of the beam from re-
lation 2-85 (or eventually 2-87) namely:

q'red.
t=yiy evt. 250

The maximum shearing force Q, and therefore the maximum caloculat—
ed shear stress 7", generally occur lmmediately adjacent to a support.
Numercus tests have shown, however, that the first diagonal crack oc-
curs not directly at the support, but at some distance from it of the
order of the depth of the beam. This is so because at apd ad jacent to
the supports the additiomal local stresses caused by reactions count-
eract crack formation. For this reason, it is generally specified that
the maximum shear to be considered is that at a distance x from the
face of the support, where x = 0.5 d to d and d = the effective depth
of the bean,

It is further allowed that, in case a concentrated load P acts at
2 distance a from a suyp;:urt where a { 2 d, the diazonal tensile stress
es due to P are reduced by the ratioc a / 2 d.
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Fig. 4=30 Deternination of web reinforcenent

2= Draw the saxisum diagonal tension acting on the beam (in the
zone between the neutral axis and the ‘I;ansinn steel of any section)
in the direction of the principal temsile stresses as has been shown
in Fig. 2-32. This direction can however be knowm iomediataly if the
bending moment diagram of the beam is drawn on its tension side; be-
cause in this case, the diagonal tension diagran takes the direction
of the side of the bending moment diagram at the support unﬂm:- con-—
sideration and is inclined 45° with the aris of the beas., It is go=
nerally represented on the center line of the beam a= shown in Fiz.4-30,
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In zones where the shear stresses 7 are saaller than ‘t’l specified
in table 3-2, no special caleculation is essential for the web reinfor-
cezment on condition that this is bizzer than the minioum allowed valu-

ga ziven by:

ﬂnhst:l:l.lﬁrﬁnfthlﬂma: section of the web or
3.5/ J'.' where r is the yileld stress of the
stirrupe.
HZence, for normal nild steel with 1’3 = 2300 h:,.y"l:m y Ein l.ﬂ = 0.15% 5.

Accordingly, for a beam 25 x 75 cas, thse minisum area of stirrTups
to be used per meter is:

ain A, = “—]i_—ﬁéu x 25 x 75 = 2.8 em® i.e. two branch stirrups
5 @ 6 am/m glving an area of 2.8 E.
end for a beam 50 x 180 cms, the minimum area of stirrups is given by:

zin Agy = JﬁzﬁﬂzliED:lEmE i.e. four branch stirrups
2

& Eamflghrin.gmuaanflz.u cl™ .

If the resistance of concrete to shear stresses is neglected (as
is generally the case in BEgypt), the part of the diagonal tension diag
ram between 't'l and?m( Tor sm heavy in Fig. 4=30, iz to be re-
sisted by web reinforcements,

If a part I"c_{ Q.EEVIEP is allowed to be resisted by the comp =
ression zone of the beam, it has first to be deducted from the diag-

onal tension diagram, and

the remaining part , shown f,,.a-"j;?'
heavy in Fig. 4-31, is to > il
be resisted by web rein - N \T ,..-";;
forcement. r *

3~ In order to deter-
mine the web relnforcement,
it is recommended to pro-— T{0.25 V;;;

Rast "[L
ceed as follown:

Choose first the stir- Fig. 4-=31
rups and determins Tat to
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that can be resisted by them from relation 2-95 (eventually 2-93) Foe
ving for vertiecal stirrups: i 5
Loy = ‘E‘H
whare d_, = area of cross section of the stirrups in the seciion of
tha beam under consideration, and
8 = spacing between the stirrups.
If, fer exaaple, the stirrups in a beam 25 x 75 ca are chosen s d
8 mm / 2 with two branches and of poraal aild steel, taen
the allowzble stress in steel .l.cecsesssecenss O, = 1400 kz/cn?
the breadth ob the beam ssssssmsssnsssnsssnnnss D = 25 cis
the spacinz of the stirrups sesssssssnssssnssss 5 = 20 s
the area of two branches @ 8 M@ weessserserens Ay = 1,00 oo

than
Ty = 2202 X0 _ 5.8 xg/e:?

It is however recommended to choose the stirrurs such that Tst is
0.25 to 0.407 .

The area of the main steel to be bent is equal to the hatched zres
4 multiplied by the breadth b of the web divided by the allowable st-
regs of the bent bars O .

Assuming that the average value of the shear stress to be resisted
by the bent bars 23, = 8.00 kg/em®, the length a = 150 cms, the breadth
of the beam b = 25 cms and the bent bars are of hizgh grade steel with
O = 2000 kg/em”, then, the area of steel to be bent Ay is given by:

8.00 x 150 x 25 2
000 = 15.00 cm=

It has to be noted that the area A is to be exactly calculatec.

b— Using the ultimate-strenzth design method

Cna can proceed here as in the previous case using the ultinate
Vvalues of the loads and stresses together with the corresponéing capa-
city reduction factors as follows:

Ao =

The diagonal tension is to be caleulated Fop the ultisate shearing

Torce Qu y wWhers
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The ultimate diagonal tensile strqsﬂ“:u iz given by the relation:

. -F-Eq"
7 ey
In beaas of variable depth, R, 15 to be replaced by <y req Where
2
u tand
:u red ™ Qu - —nfggn— whers

is tke inclination of one surface of the beam with respect to the
other (Fis. 2-33),
Ons can assume further thats

Ta$ 08l £ Touk2:5V 1 Tou = 04 £

4ssuning that the capacity reducticn faztor for shsar is 0.85,thsn

0.85 4_, 2
Tt u = =t

and b a

A.b
Lﬂh iF ! = U.E: !

J
Exa=nla
It is reguired to determine the concrete dimensjons and the stes:
reinforcement required for a doubls cantilever shed (Pig. 4-32) sub-
Ject to a concentrated load ¥ = 12 ton (of which G = 8 tons and P ="
4 tons) acting at the free ends, The materials used are: C200 for con-
crete, high grade steel for longitudinal tension reinforcement and nor—
mal nild steel for compression reinforcement (if any) and stirrups.
Assuze the breadth of the cantilevers = 30 cms and their maximum
depths at the free and fixed ends = 50 and B0 cms respectively
Solution
Average own weight = 245-5—242 x 0.3 x 2500 = 400 kg/m
The bending moment and shearing force diagrams are shown in Fig.
432,
The solution will be made using both the working stress end the
ultinate strength desien methods, in order to be able to compare
the results.



Dinepsionins

a= Usine txe mr‘ﬁm;—str&ss—:}gsi@ matbod

The bending zezent in the cantilevers cause temsion inm the upoer
Ziber woere the slab lies, =0 shat they benave as rectanguler,

pi2™  Z.ol 8 Zalil = o

.J"I""I-q:-!"'?_! .

Lo.E i2,C
- NI 22 ..
Y 11111111 S I

e

Fiz. i3z
The maximun value of the bending moment of 24,8 mt takes place at
the sectlions of fixation. FPor this section, we have:

in which

d=MMens , b= 30 cmg and according to table 3-2, we have:
Uc = 70 kgfem® feor conerete
.ﬂ"ﬂ = 2000 lr.:_r,.r!'r:m.E for hign grade steel

Dalapis

20 that r=2000 /70 = 2B.6 and
5
4 = o je’-wé“‘afrm giving e.= 2.15
According to sheet 12 & = 0,7 and H=0.85 % so that

Ao =32 x30x =188 @ 7419 (19.9 e?)
il'= 0.7x18.9 =132 e® 5S¢ 19 (18.2 cnd)
The ultimate-strength-design method will show whether this compression
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reinforcezent ia really reguirad.
be Using the ELEEEEte—atraqgth—dasgsg_:ethnd
For concrete 200, fﬂp = 1565 kgfnuz; for aizh zr. ataasl :J = 3500 kgf:nz
= 1.5 JS + 1.8 Hp = 1.5 x 16.8 +1.8 x 8 = 39,8 gt
For a daxioun depth of 74 cms, we have:

i = —mods3 !-195 2w 0,145 , table 4=8 gives 7 = 0,805,

2T r bgs 135 x 30 x 78

A RANE . b f;ﬁq-a ® 3300 x 0.805 x 7% 18.5 ca
Tae value of B being bigger thanm 0,71, then we have ductile fzil-

ure and there is no need for compression reinforcement, In sopite of
taat, it is recomcended to put 3 @ 13 in the cocpression side of the
catiisvar.

Digcanal tensiug

a— Uzinz the working-stress-design method

Tza diagonal tensile stress T, at the free end i is given by:

< 12000 2
- ] = = 4] k
L. " 5% 54 0.7 x 30 a5 = 10-2 k/ea —

The “lagzonal tensile stress Ty at the fixed end B is gziven by:

qB wad HB _ R0
BroEmed T BratBogmg tax & taes 3
= _ 24,80 30 _
Tharefors [ red = 12.8 o E = o7 x s = 7.00 tons
3 £000 B4
3o that rﬂ'ﬂ.ﬂ?:}ﬂ:ﬂnj' kg/cas

assuaing stirrups tgo branches 5 @ 8 per meter with Loy =2 X .5 E 1

<ken, em ,
i ﬂ;
st _ 1.0 x 1400 2
Lt =% 2 = Soz20 =233 ke/ea

Tke area of steel to be bent A _y, is therfore given by:

: A.a.b_ 10,2 6 2 30 _ 2
o- TUzinz tha ultizate-streazth-desizn oethod

a: ., = 1.5 :g +1.8Q =1.5x8+ 1.8x48 =19.2 tons

Bk

=, ® = 1.5 x 8,8 + 1.2 x 4 = 20,4 tons

= U




ni | -+ e ]
=l =1 rad T Yu Tatr B an#
vhere tank = WTEE-LE = % and d, = 39.56 at 50 that:
SR, . - ST 2
Qn rad ™ 20 .4 5 £ 0.3 x 60 = 1.2 %, therefore

T - 1a 300
4 u C«87 = 3C x 45

N B0 . ER
Bhu=gEmz0ozm - o8 ig/e=

= 17.3 Xgfea® and

de have further:

Ty = 0.8 ) £, = 0.8 V155 = 10.0 P Mg
2. .1
T o st~y = 0.85 x 1.0 x 2300 = 3.25 o -:-.nE
= 2o S M 30 x 20 el

The distance a for this case is
also equal to 90 ems, Fig. 433, so
that:z

- (1223 + 10 _ x

=.B.75 ecm®° chosen 3 #19

The results are almost the sane
as in case of working-stress—desizn
method.

The bent bars are to be distributed over the lenzgth a and placed
at the cemter of gravity of the corresponding area of the disgonsl
tension diagram, =s shown in Fig. 4=32.

-1 v
Ch Floeas

Special considerations

A E_Et bars in galatiﬁl; deep beans
In deep beams, where the depth

is bigger than about 1/7 the span,
the bents may be inclined to the :
horizontal by an angle varyins hﬂt-J] l

weean §5° and 50 asg Sun-m in Fiz. Fiz. =34

I

4=5%, In such a c2se, only the coapoment of A_, along the diagenmal is

So De egual to the diagonal tensicn; i.e. the area of steel to be bernt
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gshould be increased by the retio l/cosg , ui_-m:*eﬁ is the anzle betwasn
the bent bar and the diagonal making 45° with the axis of the bean,
Fig. 4=34.
b- Beams with compression reinforcements
In beams with coapression reinforcements, the stirrups must be of

the closed box type; they shall not be less than S mm in diazetar spa-=
ced not farther apart than 12 bar diameter nor 40 stirrup dlameter.

g~ fayimun gpacing of bent bars
The maximum gspacing of bant bars should not exceed the theoretical
depth d of the beam if ¥ is bigger than 10 ki/en"; for smaller values

of ¥, the maxioum spacing may be increased to 1.5 d.

Pig. 84-35

If the spacing of bent bars is chosen more than 2d, a crack due
to ddagonal tension may be d.avélupﬂd between the bents. Fig. 4-35.
4 coovenlent arrangement nf. bent bars in simple cases is showm in
fizures 4-28, 29, 30 and 32,
d- Eaunches Vert. haunch Horiz. heunch
The requirements of bending |

aoments or shearing forces can,in l

zany casea, be satiafied by in- | “/[:J —

creasing the depth or breadth of TP

the beam towards the support by Fig. 436

arranzing vertical or horizontal

haunches as shown in Pig. 4-36 a and b. It has to be noted that a wvert—

ical haunch is more effactive in resisting bending moments than a ho-

rizontal haunch; because the bending moment is proportiomal to b 42,
The slope of the effective vertical haunch must not be more than

3:1, otherwise, the principal nermal compressive stress ay prallel to



iz arcessive relative to the

the outersurface of the haunch ( %&:‘:1)
G -

noriz. normal stress 0‘;__'.
According to Fig. 4=37, we

have:

[, da cosf) cos¥= O ds ;
% & Fig. 837
g0 that El a a'i f cosm G=it5
For a slope l:l cnau? = 1/2 and ﬂi =2 u; not allowed!
For a slope 311  cesf = 9/10 and O = 1,110,  mccepted.

4.5 Bond and Anchorage
Generzl cnnsidaﬂtiana

For concrete and steel to work together in a beam,it is necessary
that stresses be transferred between the two materials. The term Lond

is used %o describe the means by which slip between concrete and stesel
is prevented or minimized., Wherever the tensile or compressive stress-

es in a bar change, bond stresses must act along the surface of the
bar to produce th:.changa.

On smooth or plaln bars, bond strength is largely dependent on
the natural =zdhesion between the bar and concrete; but even after =2d-
hesion is broken, friction between the aaterials continues to provide
a considerable bond resistance. Friction resistance is low for smooth
bars® surfaces and is higher for rough surfaces.

Deformed bars give a higher bond resistance by providing an inter—
lock between thé steel and concrete.

In this case, the bond strength is primarily dependent on the besz:r
ing (compressive) strength of the concrete szgainst the lugs 25 sketeh—
ed in Fig. 4-38a and'thu shear strength of the concrete between the
lugs. Adhesion and friction become minor elesments in this cass. The
pragsurs con the concrete necessarily has an outward component produc—
ing ring tension and leads to splitting on weak planes along the ber.
This loagitudina] aﬁlitting of the concrete covering the bar is ususl-
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ly the liziting strength factor when the cover is not sufficiently

thigk, Fi Ta -ﬂ—}B.

H

.".:"d _.‘.:': ‘__.‘ 'P u-'_ .-I'D_ ::--.'
Forces on bar Forces on ¢onc. Como. on cone.
Flezura]l bond and anchoraze bond 315_.4_55.

It has been proved by tests that bond stress in a beaz is neitharp
unifora nor graduslly varying from poinot to point, However, there ex-
ists two ratner spproximate methods for measuring bond; they are call-
el flexural bond snd anchorage or development bond.

Flexural bond is the average bond stress over the entire length
of a bar which is necessary to change the bar stress , say, froo T to
T + dT. This change in stress is a function of di and hence of shear,

snchoraze or development bond is the average bond stress over the
entire lengih of bar within which the bar temsion is beinz changed
Zrom T to zero ( anchorage length ) or from zero to T ( development
length ). Such bond is a function of bar tension and bar lenzth and
is not determined by the extermal shear. It may be considered that
anchorage or development bond deterdinations are more reliable and
meaninzful than flexural bond caleculations.

a= Flexural bond

Consider a short length dx of the beam in Figs 4=39 subject to a
constant shear Q and moments Hl and i, = lll + dil, . These moments will
produce the bending stresses shown in Fig. 4-39.

Pig. 4-39
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The change in the bending moment dM produces a change in tha bar
force A = did/y... Since the bar or bars must be in equilibrium, this
changes in bar force 1s resisted at the contact surface betwesan conc=
rote and stesl by an equal and opposite force produced by the bond
beatween the eteel ond conerote, If the average unit bond streams 43
called 7, and the pariweter of bar or bars is X0 , then

dl' = E’h 0 dx = dd/y ..

r _ a4 1 9 ]

=

Tl R el el - i

This bond stress is caused by the change did in bending mecment and,

ge that

for this reacon, is known as flexural bond.
The allowable valuee of 7, are as followa)
=
For deformed tension bars Ty = 3.2) fnp /B { 35 kg/cu
(R v COUD. ¥ Iy ® l-f}l{ fﬂp 4 28 5
Allowsd values for plain bars = Ji deformed bars ¢ 10 kg/cn®
The ultimote wvalusse according to the ultimate=atrength=design me-

thod ares
For deformed tension bars T = E.!J-V' fﬂp /B £ 56 kg.p"ﬂ.nE

‘e " Comp., ' T = 5--‘-‘-‘-/?;; (55 T
Ultimate wvalues for plein bare = } deformed bars .6 17 kg{uae.

From the above wvaluesa, 1t is clear that the bond betwean daformed
bars ond concrete le double as much ag that of plain bard and hence
its usme is recommended.

VWhen tension cracke are developed at the central part of a beam,
the bond batweon the steel and concrste is brokem at the positions of
the crackses Under heavy loads, the width and number of temaion cracks
18 lncreased and the beam may collapse as the bar is pulled through
the concrete. To prevent this occurance, end anchorage is esesential,
Fig. 440, If the anchorage is adsguate, such a beam will not collapas
even if the bond ie broken over the satire length betwsen anchorages,
Thils is eo because the boam behaves, under these comditions, as an arch
wlth a tis as showm in Fig. 440, in which the shaded uncracked conc =
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rete represents the arch and the tension reinforcements <he tie, In
this case, the force in the tension steel, over the entire unbonded
length, 1s constant and equals T =M___ / F.4+ In conseguence, the to-

Fiz. 4=40

tal steel elongation, in such beams, is larger than in those in which
bend is preserved, resulting in larger defléctiﬂns and larger widihs
of cracks.

In this maoner, one can easily imagine that the cutting off of the
longzitudinal tension bars weakens the tie and reduces the bearing ca-
pacity of the beam. The shearing forcss can however be resisted by the
inclined compresasive forces of the arch.

It iz consegquently recommended to use for ths tension reinforce =

"meats daformed bars giving high bond resistance and, to introduce at
least one third of such reinforcementa to the supports and to anchor
them well bsyond the center line of the supports.
b- inchorage or development bond
It should be differentiated between the flexural bond mentioned

zbove and the anchorage or development bonéd due to the direct pull of
4 bar froo a copcrete block.

T=4 . O
Consider a bar of diameter @ i= ﬁ:’tﬁh ﬂt 5" 8
embadded in concrete for a length [, | . ¥ : Fig. 441

Fig. G-f].
In order to develop a tenslle stress = without the bond stress 2
beinz exceeded, the length [ should fulfil the fallowing eguation:
a0, =, le
where @ is the eircunference of a bar of diazetsr @, 3o that
T 2



~239-

d,
or 1 Ia-%-ﬂ

i -l e Y P

Using the ultimubte-strength-design wethod and introducing the ca-

paclty reduction factor i, we get:

[ T
R
For 2= 0.85, wo get finally: .
L= o P =it
b

Caleuluting tha anchorage length L for a conorete gusality C200
with f::.p = 165 I:g,"'cmz iund different kinds of steel uning both +the
working=streas and the ultiwate-strength design methoda, we got the

rolationas shown in the followlng tuble:

Pype of Anchorage length [
ateal ¥ 8 D 0.8 :D.
Deformad | O, = 2400 8.5 82 | = 2400 B.6 #.°
Plain  |&, = 1400 17.0 8 % |z, = 2400 a7.2 8 2
Deforuwed o, = 2000 12,2 ﬂ_g r& = 3600 2,99 2

Using the slightly bigger wvalues of the ultimate-strongth-design
mothod (U.S5.D.), the roguired anchorage length for different dlameters
is as ghown in table 4=10,

Table 4-10 Anchorage length of reinforcing bars

Type of Anchorage length 1 in oms for diamoters ..... 1o mm
bara 13 16 19 22 25 28 an
Def. normal 30 30 31 41 54 67 88
plain normal 20 i &2 a3 13'?-. 135 176
def. high gr.| 30 33 uy 62 80 101 131

Anchorage length for compression bare is to be chosen bigger than
half that for tension bars end not less than 30 cma,
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Conclusions:

It has to be noted that
a) The results according to both the 7.3.D. and the U.3.D. methods do
not differ significantly; the use of any one is sufficient.
b) If the anchorage length at any section is sufficient, the Zasmitute
of the flexural bond stress along the besm Z, (or Z,.) is of only sec—
ondary importance since the integrity of the menber is zssured even
if oinor local bond failures occcur.
c) The actual local intensity of the bond stress along the embedded
lenzth of a bar is not constant. It varies according to the cracic pat-
terz, the distance from the seetion of maximum steel stress, and on
other factors as can be seen from the schematic distribution of the
bond stresses in a pullout test at low and high forces 7% Fig., 4-42.

oul |~

slip|

top of univer- e —x —4

sal testing na- Pull: =mall medlum near ultincts

ohinear sulled Yoy moving heaa

Fiz. 4=42: Pullout test and bond stress distribution

d) In a pullout test, failure will usually cccur (1) by longitudinal
slipping of the concrete in the case of deformed bars, or (2) by pull-
ing the bar through the concrete in the case of smooth bars, or (3) by
breaking the bar, if the emsbedment is lomg encugh.
e) In case the desired stress in a bar cannot be developed by bond al-
one, it is nui:&ss.uf to provide mechanical anchorage at the end of the
bar, usually by means of a 90 bend or a 180 hook as shown in Fiz, 4-
X Ferguson: Reinforced Concrete Fundamentals. Published by Joan Tiley
and Seas, Inc. ilew York. London. Sydney.
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4% a and be.

£) If the bar is bent at 45 (event. ” }4#>6 cn
60 ) to get its anchorage length in - !
the cumpmsls:l.ﬂn zone of the beam , ¥ L
its anchorage langth may be reduced {a) (v)

to 2/3 | given by previocus equations, ;
provided that r ) 8 § for normal Pig. &=43 %
mild steel and } 12 @ for high grade Hteal.

g) The anchorage for stirrups can ‘na
chosen as shown in Fig. 8-,
Splices

The required length of splice for
bars acting in tension is the same as the mhu:-aga length . Splices
at pointe of maximum stress are not desirable but sometimes cannot be
avoided. Strength seems very little affected by whether the spliced

bars are in contact or separated, so that any of the arrangements sh-
cwn in Fig. 4-45 may be used. Ep]_'i.t‘i-:ing develops more rapidly when

L

Fig. 4-45
several qpl:l.naa are spaced close together laterally and for this rea-
son, it 1s recommonded to stagger the splices so that not more +than
30 to 40 % of the bars (and generally not more than 2 to 3 bars) ate
gpliced at the same position.

4-7 Constructional Tetails
1) Breadth of beams,

Breadth b of the rib of beams is usually chosen egual to the bread-
th of wall underneath. For free choice, b can be taken 0.50 to 0.40 t
for sz=all beans up to 20 ecms depth, 0,40 to 0.30 t for mediuz beans
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50 to 100 .cms depth, and 0,35 to 0,25 t for beaos deeper than 100 caa.
As mantioned before, the breadth of the beam is not so effective as its
depth (e b &E}, thus it is recommended to choose the minimum breadth
gufficient to place the steel and pour the concrete adequately keeping
the rinismum distances shown in Fig. 4=51.

In order to avoid the formation of longitudinal cracks in the ten-
sion zone of 2 beam, its width b is %o be chosen such that it is big-
ger than four times the sum of the diameters of the main reinforcing
bars arranged in one row, if these are plain bars, or, twice the sum
if they are deformed bars providing improved bond behavier.

2) Depth of beams
The depth and longitudinal reinforcement are to be first determin-

ed to satisfy the requiredents of the bending moment. For this chosen
depth, the stirrups and diagonal tension reinforcement are then calcu-

lated in the manner shown in 4=5.

Governing for the depth of a beam is generally its field mozent.
For sections at the support, one may elther add a haunch if reguired
and possible or use compresslon steel (smaller than 0,40 tension steel)
ﬂhiﬁh is generally the field straight bars. of the beam extended to the
support.

If for a beam of approximately egqual spans a constant depth is re-
cuired, one may increase the field moments (for sections acting as T )
and decrease the connecting moments (for sectioms acting as rectangular)
by redistribution of bending moments explained in articles 3-4 and 43,

A further reduction of the connecting moment is possible by round-
ing the bending moment over the support, (refer to Fig. 4=9). A limit-
ed depth for sections at the support will be convenient for ths whole
beam. (Fig. 4-45).

TTaen choosing the beams of a floor in l'building, it is recommended
to linit the nuzber of the variable dimensions to a ainimu= on comdition
that the economy i1s nmot impaired; e.z. all beads in a floor to be 12 or
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25 ems wide and, 40, 50 or &0 cms deep.

Fig. 4415
It is however easier and maybe more economic to standardize the

design than to spare a few number of concrete cubic meters.

%) Hain reinforcements

The main reinforcement of a bean ig +to be choeen with due regard
to its cross—-section. The dlanmeter chosen ranges between 17 mm - 15 ==
in small beams, 16 mm — 19 mo in medium beans and 22 om - 25 mam in hea-
vy beams, In excepticnal cases, one may use 10 mm-diameter reinlorce—
ments in very small beams; and bigzer than 25 nms = dlameter in wery
heavy beams. For diameters bigger than 16 mms, the use of deformed nor-
mal or high grade reinforcements is more convenient and recommended.

Reinforcements are generally arranged in one or two horizomtal lay-—
ers; only in particular casea, in three or more layers.

The convenient number of main bars in small beams is 4 (eventually
2 or 3 in very small beams), in medium beams, is 5 to B bara, more than
8 bars may be used in heavy beams of big dimensions.

Wherever at any section of a flexural member, tension reinforcement
is required, its amount should not be less than: 9;;[;'1_ or

A, nin >-8.4 % if normal mild steel is used,

or A, min » 025% if deformed high grade steel is used
referred to the cross sectional area of the web unleas the area of re—
inforcement provided at every section, positive or negative, is at
least one third greater than that required by analysis.

It is adwvisable, moreover, not to use more than two successive

diameters of tension reinforcements, positive or negative, in one span



of a bean,
4) BStirruo hangers and sidn reinforcement

2l

The area of the stirrup hangera in a
beam may be chosen ) 0.20 A.

If the depth of the web exceeds 65 cm,
one should provide longitudinal distribu-
tion reinforcement, called skin reinforce-
ment; 1ts geometrdcal percentage, referred
to the web section, should be at least =
0.05 % at each of the two faces.

Further-

more, the individual bars of this reinfore

cement should be 3 6 mm diameter and are not spaced farther tham 20 cas

apart. (Fig. 4-47).

5) Area of cross-section of steel reinforceaents

The area of cross-section of steel reinforcing bars use in Egypt is

given in table &4-11.
Table 4-1l1 Area of cross-section of reinforeing bars

Wt
g/ m

Area of cross-section i=n cﬂ? for

1

l

2

3

8 |

2

&

| 7

9

10

&
8

10
13
15
19
22
25
28
32

222
«395
-E]-F
1.04
1.58
2,2%
2.98

5 .85

«83
osn

.283
503
L] ?55
1.33
2.01
2.84
3,80
4,91
6.16
8,04

566
1,01
1.57
2.66
4,02
5«67
7«60
9.82
2.3

16.1

« B48
1.51
236
3.98
6.03
B.50
11,4
14.7
18,5
24,1

l.13
2.01
3.14
5«31
B8.08
11.3
15.2
19.6
24,56

1.41

215.1 /

3.93
6.64
10.1
4.2
19,0
24,5
30.8
80,2

1,70
3.02
.71
795
12.1
17.0
22.8
29.5
37.0
48,3

1.98
3.52
5.50
9.29
14,1

26.6

56e3

2.25
400
5.28
10.6
16,1

19‘-9 22-?

30,4

3444 139,3
83«1 (49,3

2454
4,52
?-W
11.9
18.1
25.5
.2
by 2
554
72 .4

2.83
5.03
7.85
13.3
20,1
28.4
38,0
49,1
ol.6
80.4

The following diameters may also be used: 5, 7, 12, 14, 18, 20, 24,

26, 30, and 34 mm,

6) Coovenient choice of reinforcements
The number and diameter of bars must inerease gradually according
to their area and with due regard to the dimensions of the beam, Table
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4-12 gives a convenient choice of bars for the shown areas 4_,

Mahle 4=12 Coovenient. choice of reinforcementa

és coprenient iﬂ coaoveniant 15 ~ convenient
in :::12 ho el in :::E ot in u':.::.'a reat
Ee3l T 12.10 BELlS 50 .40 Efz2
S .54 S¥i 12.52 | 3819 + 2§16 54.20 of22
S.58 | 2835 + 2723 14.20 5¢19 28,50 5@25
B. 04 agis 17.00 s@1a 29,50 6325
0,59 2535 + 2419 15.00 Sz 3% .0 725
1C, L0 SEis 19.50 7819 39.50 Bg25
11.30 G413 22 .80 a@=22 354,20 o2 5
11.70 | 2{19 + 5§16 23.50 g ze.10 10825

7) The nozment of resistance and the convenient arrengement of the

oain ln_n_ai‘tru.d;inal reinforcing bars

The checlking of the anchorage conditions at the ends of longitudi-
nal reinforcing bars should be based on the bending moment diagraz ,
which should be suitably dlsplaced to take account of the inerease of
tensile stresses in the longitudinal reinforcement: a) when dlagomal
eraclks are formed, (refer to Fig. 2=-35 and explanation giwven under 3,
page 97); and b) when vertiecal cracks are developed along the span (re-
fer to Fig. 4=40).

It can, however, be easily seen from this figure (4—40) that when

eracks are formed, the tension in steel is increased tow=rds the sup-
ports of a simple beam and may reach M___ / ¥.i-
The displaced diagram (Fig. 4—

48), whiech serves as a basis for de= X =
‘signing the longitudinal reinforce=- ¥ ——~ original EID
: — displaced
ment, is obtained by shifting the | %W x -(u.E-ﬂ.?E}d” S
L N""\. _.ifr

|
enveloping curve of the bending @0- :

ments parallel to the cemter line

af the member in the most unfavour—

able direction by an amount x where H:'}"
x =(0.5-0.75)a b7, Fig. A48
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The anchorage length 1 stould be taken outside the displaced dlasren.

Thae mosent of registance :r

% a stress O; in a ssction of effective depth d is given by:

of tension reinforcing bars a_ acting

'he values of k, are given in table 4-5 and sheet 11 and the wvalue ]
127 be assumed in this egquation egqual to 0.87, so that

ur = 0,87 Ls D; d iy B

Mhe phosen reinforcements must satisfy the requirements of the 2ies—
slaced diagran, Fig. 4—4%8 and the diagomal tension dlagram Fig. 4-3C.
The basic forms of reinforcements in & beam =re as shown in Fig. 5

J.g._
Figures 4=28, 4=29, 4=30 and 4=352 show examnples of convenient ar—
ranzenents of reinforcements in simple bezams, sizple cantilevers and

beams with overhansing cantilevers.

It has *o be noted that swinnming lr\; i ‘.l_\_:
I
_j: .
a) wrong

bent bars to resist dlsgomal tension
only &s those shown in Pig. 4-50 a , b) ecorrect
are to be avoided. Fige. 4-50

Bacause of possible settlements of supports on medium and wealr soll,
and +o be able to cover the displaced bending moment diagram over +the
supports, it is advisable to imcrease the top reinforcements a2t tha sup-
ports of continuous. beams by 15 to 20 % according to the possible seittle

ment,

A) Spacing of bars
The spacing of reinforcing bars- 1l.e. the distances between adjacent

bars within a section- should be sufficient to enable the comnreting To
be done in an entirely satisfactory mamnmer. In particular, the bars in
a section should be spaced that the freshly mixed concrete can be proper—
1y placed without risk of segregation and that the concrete surrounding
the reinforcement ean be efficiently vibrated.

“he values stown in Fig. #-51 correspond to normal concreting cast
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in situ. Subject to special Justification, they may be reduced in the

case of factory-made precast meoberh . stirrup
or in the case of temporary structur /[\ hangers
es. ,
Clear distance between beam bars ot

in any one layer shall not be lass
than the diameter of the bars, or
2.5 cn, or maxioum size of aggregate -+ ==

plus 5 om, whichever is the greater. Fig, 4=51 | b s \2-cm

The concrete cover to the rein- 8) #) 2.5 em) max. EEFﬁ‘;un;
forcement— i.e., the distance from the bar to the walls of the form-
work or to the free surface of the comcrete- should be sufficient +to
enable concreting to be dome im an entirely satisfactory manner, so
that, in particular, all risk of segregation is obwiated and the con-
crete can be compacted to the density that is essential to providing
suitable protection of the reinforcement against corrosive agents..

The following values of cover shall be adopted as minimum figures
for beams: 2.0 cm or bar diameter, if larger, for main bars and 1.5 ca
for stirrups in indoor structures. In outdoor structures (if not plast-
ered) 1 2.5 t0°3.0 cm for main bars and 1.5 te 2.0 cm for stirrups,

In foundations or elements subject to water or liguids a minioum
cover of 3,0 em is essential. In elements subject to attack from che-
mical agents, the cover shall be determined Bccording to circunstances
and may be bigger than 4.0 en.

On the other hand, if the cover, in exceptional cases, does exceed
4.0 ea, the designer should provide an additional reinforcing natworx
(e.g. expanded metal) within ‘the thickness of the concrete cover s=o

i8S po aeir eracks aopesr in it,

The MIZ5CO has however allowed that in any particular vertical line
in the méa—nectinn the designer may provide two bars which are in con-
viet wita each other. On the other hand, he should not provide nore than
tTo bars in contact with one anotkber in one and the sane vertical lirve,
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ualess he Zekss speciazl arrangensnts to enable the freshly mixed conce
rate To £11]1 21] cavitiss perectly.

In any particular horizontal layer the designer should not »ro-
vide two bars which are in contact with each other, unless there is
sufficient space on each side of each group of twro bars to inse-~t a
vibrator. On no eaccount should more than two bars be placed in contact
with one another in one and the same horizoatal layer. :
sufficieat

clear space to
insert a vib-

On these conditiors the above re—

guirenents are appliczble to groups of

rator
bers in contact, provided that each
group is replaced by a single fictl =
tious bar with the same centroid as ; Fig. 4=52

the group and with a cross=sectional area egual to the total cross—=sec
tional area of the bars in the group.

.Ta facilitate the placing of the copecrete it 2ay sometices be ad-
vantageous to form groups of three bars as shown in Fig. 4=52: In this
way very good exbedment of the steel and good quality of the concrete
can be ensured.

9) Felding of reinforcing bars

ﬁélﬂiﬂg is allowed only if the welding cperationsa ere carrded out

by a properly qualified welder and are under constant and strict super-

vision.

The method of walding should not cause any icpairment of the me-
chanical properties of the steel.

If cold-treated reinforcing bars are welded, they gensrally loose
their high quality properties and become mild steel having the sane
piroperties as those of the ateel from which they originated. Welding
of gold-treated reinforecing bars ia permissible only on condition that
tests are performed to verify that the oethod of ialding exployed Iin
no way impairs the mechanical properties of the bars (and especilally
the elastic 1lioit and the ultizate strength). The manufacturers of such
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reinforcing steel often supply practical information with regad to this,

Welded splices should be confined to straight portions of reinfor-
eing bars., Besides, they should be staggered in the longitudinal direc-
tion by a length equal to at least twenty times the bar diameter (20 2)
in the case of plain round bars and at least ten times the bar diazeter
10 @ in the case of deformed bars.

Finally, in any one particular cross-section the transmission of
tensile forces by welded aplinaé in bars should be effected by not more
than one-third of the total cross-sectinal area of the reinforcement,

Teld splices are best made by ﬁaana ef lap joints produced by
electric arc welding in longitudinal weld heads, They are to be so ar—
ranged such that the axis of the welded bar is not ;ﬁanseﬁ. The length
of the longitudinal weld heads should not exceed five times the dian-

eter of the bar. Fig. 4-53,
= 8

1

L. le5 @ ;
Fig. 4=53
10 Puckling of beans
According to the Egyptien code, the laterally unsupported length
of pectangular beams should not be more than 30 times the breadth of
the web otharwise stresses in concrete should be reduced duwe %o +the
possible buckling liable to take place in the compressed part as glven

in table 4=13.
Table 8=13 Stress-reduction-factors of slender besams

Slenderness ratio /b 30 - 40 50 50
Reduction factor 1,00 | 0.75 0,50 0.25
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CHADPTZR

REINFORCED CONCHETE SLARS

5.1 Types of Slabs

A slab may be suprorted om two uppuai%& gides only as showm in
Fig. S5=1, in which case, the structural action of the slab 1s essen—
tially cne-way; the loads being carried by the slab in the direction
perpendicular to the supporting beazs,

Such & slab oay be solid, Fig. 5=1, ribbed or hollow, Fig. l1-4%.
| [ -

T T
E Hi . t+ = thickpess of hollow slab
‘:|span af slatllispan of slab H shrinka-e rfmt. 205/rib

i L i *—-=a — — ——— ﬁ* s
L I YA . sloc N
[ 1l i Ede. 5. 2 Cu= 44

; :& ﬁ%ﬁﬂﬁ? ﬁﬁﬁﬂﬂﬁﬁ
| ' tension rfrt. \
= !-- T ~|1g 3= =70 en 10 'cm}g

L L
AL u Fig. 5=2

Fig. 5-1

In ribbed slabs, the coccrete in tension below the meutral axis at the

field of the slab, being generally neglected in the design, is removed

and replaced by closely spaced ribs (distance between center lines is

40 to 80 cos and normally SO ens) perpendicular to the supporting beciis
o carry the tension reinforcement. The concrete above the neutral axis
-generzlly 5 to B cms end called conpression slab- and the tension st-
eel in the ribs form the coapression and tension zones of the slab.

If it is required to have a flat surface for the bottem of the
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&lab, bollow blooka, generally statically not acting, are anrenged Dat-
ween the ribas, as shown in Flg. 5=2, which showa tha crosi=sactlion of
a hollow bleck eleb perpendicular to the ribs and parallel to the sup-
porting besms.

Slabs may be supported om all four sides, as ln Fig. 53, so that
two way-action is obtalned and the load is trensmitted to the support-
ing beams in two directioms.

In cases where the slab is supported on all four sides and the ra-—
tio of length to width of one slab panel is larger than 2, most of the
load is earried in the short directiom, and one—way action is obtained
in effect, oven though supports are provided at the ends of the longer
aide of the slab, Pig. 5-3 a.

b) Two—way slab

If the ratio of length to width is smaller than 2, then the slab
ia a two-way. Fig 5-3 b.

As has been previously shown in Fig. 1-3, it is possible to sup-
port a floor slab directly on columns without the aid of beams or gir-
daras in the form of flat—slabs, The thickened portion of the alab,ter—
med the drop pamel, at the columns and the enlarged column head, call-
ed column capital are to be moted, both of them serve the double pur-
pose of reducing shear stresses in the alab. near the column supporta
and provide greater effective depth for negative bending moments.

Tt im however possible to construct a flat slab without drop pa-
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welg ==d solusn capitals sven in cases o2 ir—azmular colnuan arrangespria
of apzrizent, office ... etic. floors carTying 'ra.ll.a and light Llive
lo=ds,

Agth “wo-way slabs and flat slabs can be of the ritbad or the hol-
low-block type =2 showm, for example, in Flz. 1=5,.

5.2 (me-way slabs

i one-vay slab, Fig. 5=1, Day be considered as composed of & zeriss
of strips —each one meter wide- cut out at right angles to the suppors-
ing beams, Bach of such strips behaves essentislly as a rect. bean 1 2
wide and t ms deep. The width is comparavively big relative to the deo-—
+h, Tt can however ba analyzed by the methods dealing with rectansulor
heams, Tae bending momenss are gsnerally calculated :rlm:- a unit widthes
in this case, the load per unit length on the iaaginary beaz is the
load per unit area om the slab, Since all tha loads ars transaitved to
toe supporting beaus, tae main reinforcing steel should he placed at
rizht angles to these Dealds. 4 amall percentage of aweel, called dis-
tributers, should be arranged in the other direation for the followia
rassons:i 1) to connect the main reinforcements and fix thea in positioa
=) to distribute any concentrated loads That may act on the slab, 5) to
resist any bending moaent that aay act normal to tae main reinforee.unt
in gaae of one—-wEay El-“.hli.‘:iﬁh supports in the longer direction, and
4) to resist shrinkage and temperature stresses.

Spang

For freely supported and f£ixed slabs ..ecsessssccssccses 1= 1.051,

For ‘continuous slabs 1 = distance CL to CL supports ... 1{ 1.051

However, the span nsed not exceed the clear span + the depth of
tha slab, Fig. 5-4.

Ehﬂﬂﬂmmﬂnﬁmﬂm}utﬁtmhﬁ:;ﬂh
built with sufficiently rigid supports may be deaigned as continuous
beans on knife edge supports with spans equal to the clear spans of toe
slab and the breadth of the supports otherwise neglected.
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distrdbuters

! ; L
T

L=1,05L£L +¢ xy = LG

—_ ¥ mno. of bars/a — v 2 L/5

% ne. of bars/m

=

TT\__jimumber of barg T —————= 3355100 p—
) AP B /n

Loads

Loads on different elements of a structure (especially slab loads)
cre to be determined with the utmost cars; ®.%« the dead locad of & roof
51%b 10 cas thick covered with 2 cms thick cement tiles, Fig, 5-5, is

tu be determined in the following mannér:

i) P g spe
S DN NN, s A, DA e
.H':__“‘_“'“_I- B s Fig. 525
% 5 " 10 en Tpey-siab. L g
| lplastar 2 om
Ceneat tiles 2 oms Thick seveesesss 0,02 X 2200 = 48 ¥g/u?
Mortap 1l ecm 1 ssssesesss 0,01 x ilDﬂ =21 .
Sand 5 ome ., sessnssass 0.05 x 1BO0 = 90 Pyl
Isolation 1lem KE  EENEET R = 5y
Plaster 2008 4y ereesseess 0,02 3 1400 =28, 185 ka/a
R.C. slab 10 cmg " sesnssnsse 010 x 2500 = 25 44
Total dead load = 438 4,

The meicht of norazlly used floorings is ap follsws:
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Weight of timber floor with slag or light £illing ;5.. 50-80 e me
"e "y e X 'y ordinary e snse 100120
' py CEZEDt tiles-f1loor on 8800 .eessscsssssses 180-200
Live loads in buildings are given im table 3-5.
iLinioum tkiclkness ::;f one-way slibsa

Concrete compression will seldom cotrol the flexural design of one
way slabs, particularly if U.S.D. methods are used, Flexural designsg
will ordinarily consist in selecting & slab depth which will perait the
use of an economically low steel ratio and which will not ellow unsizht
1y or damagzing deflections. The recommended minimum thicknesses of ooe=
way s=labs ars:

Simply supported slabs IIEG, Egypt. code specifias l.-"'ﬂﬁ
One end continuous ,, 1/2% - —
Both ends continuous 1/28 2 |
Cantilevers /10 i L/:s

However, the smaller thickmesses may be uased if the caleculation of de-
flections, according to 3.2 (limit state of deformation), proves that
no adverse effects will take place.

Bendinz moments and shearing forces

In order 4o show ti:l.u behavior of one-way slabs supported an foup
sides where length over breadth of slab pamel is bigger than 2, it is
desirable to illustrate the physical aetion of such slahs,

4 long parrow slab supported on four sides will +eke under load

& troughlike shape except =mear the ende,
The contour lines of a deflected simply L (:'_ Y )j_‘\
supported long slabare shomn in Fig. 5-5 a 1 J

its bending nooact in the lonsitudizel dire

aption iz ghoem 4w Pix. 5-5 b, O™ b “\I.'JLUV!

For fizel edges, thers ajust Ye a iren- i[‘ﬂ: ﬂE
e : = (-
8ivion Zone arounc the edzes in which thae

slope sraduzlly turns dovnwardsSroam the ho- Fig., 5-5
rigontal edge tangents; the bending moment
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of & fixed slab in the longitudinal dirsction is z:omm im Fiz. 5-5 c.

1t i= clear that in long spans the longitudinal bending =gzen<s
occur not at the r:antlar but at the sidss of the slab, The aotent over
1%z nid-span leagth is small or zero and the short cemter strips act
aloost as one-way slabs,

-lathenatieal analysiz shows that the positive beading soment  of
a zinple slab or the nezative bending moment of a fixed slab in <the
longitudinal direction are nearly the same regerdless of the lonz span
leazth. They are almost the same as they would be for a square panel
having the short span dimensions,

iIn normal buildings (such as appartment buildings, offices, ware—
houses ,.. etc.) the thickness of the slab is generally 10 to 15 cas
and the reinforcing bars are in most cases 8 to 10 mn diameter, The
thiclmess of the slab and the diameter of the reinforcing bars being
smzll, it iz generally advisable not to depend on a full developuent
of the conmecting woment of continuous slaba, Accordingly, the calcu-
1ation of continuous slabs according to the theory of ‘continucus beams
a5 discussed in 3.4 and 4.3, may only be allowed if special care is
“aden %o ensure the right position of the top steel resisting the con-
n2cting acsents during concreting. It is mopre likely to assume purtial
Tixetion on continuous sides of g slab and at the outside supports
built into bricks or masonry walls op connected to relatively heavy
beams.

The Egyptian code specifies the following for one-way slabss:
1. Connecting moments may be reduced according to a parabolic curve ag
showm in Pig, 40,
2« The positive bending moments corsidered for the design of intermad-
1ate panels of contimuous slabs should not be smaller than the positive
moments of the same span if it were totally fixed at +he supports,
3. Negative bending moments at tlﬁ Supporvs of slabs built into brisk
O Zasonry walls in & manner that they develop partial ema restra.nt
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should not be less than L = w 1° / 16. The positive moment in this
field is hnw&éer to be considered as if the moment at the emd is zero.
4, Hezative field mcaents due to live louad are to be considered half
caleulated values due to the torsional rﬂsiﬂtanné of the supporting
beang, in case the slsbs are cast monolithically at the sane ti=e —ith
ths beans.
54 4 glab ghould be coosidered to have fired ends rhen these ends are
sufficiently secured to other parts of the construction hawving sueh
rigidity as to prevent any rotation &t the ends under s1l variations
of loading,
5. In case of equal spansg, or unequal spans with a =ayimrun difference
of 20% and umiform loads, the following walues of the bending moments
nay be assuned:
Hax. bending moment in slabs of one SPAN .sssesssssss A = + I’lE / 8
In case of two continuous SPANS sessssssassanssssss b = le / 10
de = w = 1B
In case of more than two spans:
Center and support of . end SPANS .esssesscsssces U w T w 12 S 10
Center and support of interdor ZpADS ..eeesesss M = * e ]_.'E i
In case of heavy live loads, the negative field moment in interceliate
Spans 18 Ziven DY sesssssassscsssvssssssssssss Oin. M = (z-p/2) l.zf;m
The shear stresses in slabs are generally low, they need to be

checked in exceptional cases of heavy loads,

Dizensionins

The dimenaioning of slabs in norasl cuses is generally wude scc—
ording to the 7.5.D method and the allowable stresses in case of stan .-
ard conerete Cl60-lE60 and noraal nild steel st37 way be caosen aAsc rd—
ing to vable 5-0 whico gives in addition to O, and O, tas values of =

wa X,

B Iae deaign coetfieciants tl and kE are given io table 4=5 ana savet 1]
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Tuble 5=-0, Values of the allowable 8Lres53g DE 4 O 393 tha h T

sioning coocfficisnts of slabs kK, ond ;E

tnicinass ; deaizn
£ eus ﬂ; ﬂ; kl - eguations
s 40 100 | G.430 1250
10 45 - 0,302 1348 d=k ¥
iz 50 " 0.351 1227 |d inem, u in kza
15 55 e | 0334 1227 _
20 50 & 04313 1217 iy B f @
¥ 20 &5 o | G.2om 1208 i, in ca®, 5 4n i

Tne stressea are chosen higher for bigzer thicimesszes of slabs for
the following reasons:
l. dection of slab, as far as concrete 1s concerned, is pore unifora,
<. Uodnner slabs, as far as ooament of rTesistance is concerned, are more
sensitive against possible variations in thickness or laying out of
reinforcements,
bEdsple

it 15 reguired 4o design a one-way simple flour slab 3 28 span if
“he floor cover and plaster are 150 kg/a and the live load is 250 %z
par .':lE.
Aasume thicimess of slab 12 cas 1.8, welght = 0,12 x 250 = 300 g/
dw =150 + 300 + 250 = 700 kg/m , ﬂ:“’lh M=?E§kga

; 3
or @, = 50 kg/er® & 0 = 1400 kg/ea®, x
i |

L]

Q

L_u

".1'

D.jEll azd  k, = 1237,
tnen 0.351 V' 785 = 10 ems  chosen ¢ = 12 cms l.e. (4 = 10,5 cus)

2
. o 85 = 8 @ 10 ao/m (6+28 co™)
end 4 = Ez?{zm = E_-UE Eﬂa r

]
L]

Distributers = 0,2 x 6.05 = 1.2 co’ 586 m/a (1.81 %)
The letails are similar to Fig. 5-4.

T:a gain reinrarcanents of "a slab should satisfy the requirenents of
“ag internal forces One has either to choose the au-ha= and Jizmpter

2% tars reguired mep ceter, 2.2. 5 @ 10 m/a o to ch-n=a “he dlaseiar
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and spacing between the bars, e.g. @ 10 oo @ 15 eas,

In order to hawve & repgular srrangenant of reinforcements over the
intermediste supports of a continumous slab, it is advisable to choose
the gamea number of bers in the different spans of a slab and to bend
half thes® bars as shown in Fig. 5-&.

Tha D=ypitian codes specifies:

1, The reinforcement is to be arranged so as to cover all the tension
zones "according to the displaced bending moment diagram" and extend
beyond the end of these zones to develop the necessary anchorage
length,

2. #in.slab reinforcement in the main direction is to be 0.25% of the
required cross sectional area of slab, and not less than 0,15% of ke
actual section.

3. In continuous slabs of egual or nearly equal spans under normal
loading conditions: at least ome half of the main reinforcement is +u
be bent at a polnt 1/5 of the clear span from the face of the support
and this top reinforcement is to be extended in neighbouring panels
te 1/5 of these panels plus ancherage length or 1/4th the span, if
the arraﬁgament of bars is not made according to the bending momens
diagran.

4. Haximum spacing of main reinforcement in

middle of spans is to be l.5 total thickness maln rfaot
of slab but not more tham 20 cms, "in order * i
to ensure the homogeneityof the tension zone ._l__;'f l\/ \L ﬁ_i_
of the slab and to avoid local cracks due to |—s—}—o i
concentrated loads as shown in Fig. 5-".?“._. 841.5 4 { 20 cns

Howewer, for slabs smaller than 10 cms thick
6 bars per meter may be allowed,
5. Straight reinforcement extended to the supporta should not ba less

Pig. 5-7

than 1/3 of the total amount of positive reinforcement used in the
middle of the span.
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Se: In case of unifornly distributed load, distributing bars normal +o
nain reinforcenent should not be less than 0.2 of the =zin reinforse-
a2ent and not less than & @ 6 mm per ceter.

7+ Ulnimm diameter of slab reinforcement is usually 5 = for straight
bars and 8 mn for bent bars, Bars of smaller diameters may be ussd for
less important work and in prefabricaticn.

The indication of slab reinforcements on plans can be illustrated
oy one of the nanners shown in Fig. 5-8. For smsll scales and simple
standard cases, indication I is generally sufficient; for bigger scal-
‘@3 » 1/50, indication IT and sometimes sections, e.g. Fiz. 5% may be

necessary.

Sunoorts
The breadth of the support of a slab cshould not be less than the

thickness of the slab eand not smaller than 8 ems. 4 hal® brick wall
should not mormally be used as a bearing wall.

5.3 Two-way Slaba

Perforoance of two—way slabs

Aost rectangular reinforced concrete slabs are supported om all
four sides by beams, girders or walls. Fig. 5-3. If the ratio of len-~
gth to breadth of any panel is ¢ 2, the slab bends under 1ﬁad into a
dished surface which means that any point of the slab is curved in
both principal directions; i.e. the loads are tramnsmitted to the sup-
vorting beams.in both directionsand consegiently bending moments are
croated in the same directions. To resist these moments, the slab must
be reinforced, in its tension zones, in both directions (refer e.g.
to Figs. 5-4 and 5-"1). The part of the load transmitted to each of the
supporting beams will be as shown in 4.2,

Grashoff aporoximate calculation

The easiest way to visualize the performance of a two=way sizple
slab, subject to uniform load w/m®, is to think of it as consisting
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of twa sets of parallel strips intersecting

each other as shown in Fig. 5-3, 74

Considering the middle 1 S~wide-atrips, 1a

of each direction, their deflection at the w

polint of intersection will be the same, if }
E 1] —_— 1

the load transmitted to the short direction
x is w, and the load transsitted to tae long
divection y is LT then we should have:

w:+w:r-w (EEEE R R 5'-'1. +'_ Lv —+—

& Tela 5
T 3t 5 L Fig. 33

.lll-
= LR ] .5""2
:

sguations 5=1 and S5«=2 give:
& S
1 _ I

saort direction and the smaller part is carried in the long direction.
This result is evidently apororimate because it considers the two
aiddle strips only assuaing that they are cormpletely seperated froa
tne neipnbouring strips. It however gives a good idea about the PET-
‘Toraonee of & slab if the comditions are the Saue on all four s=sides
(€.g. 3inply supported, partially or totally fixed).
Assuaing tha']‘l;wx- o W, we = fw and }_7;"'[: =)
: - 1 : TPTRE |
tizen o0 = i -I-'Ly = T_{ij o tluilarly f = E_'+ 1
The values of o and f according to Grasnoff, for slabs of symmetrical
edze conditions, a.ral given in table 5-l1.

Zadle 5-1 Load distribution in_ Tmo=tray slabs secordins to Grashoff

X {1012 12.2] 23] 1 | 1.5 ] 1.5] 27 | L8] 1.3 | 2.0
& | 430 [4595 [.692 | JPu2 797 [.834 |.Ba7 [.B93 | .514].028 ].9—11
; 15':' -*i-ﬂ |3|EH -:'.155 ial:l,:; -15’5 il_:_'.!.ﬁ l]-lll.-,;I IGBE !G’J?E Il':ig
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Having determinad W and w?. the bending moments in esech Afirection

is to be caleculated for ita load .and spen (i.e. Wy anﬂﬂLI or w_, &nﬂ'LF).

Zlsstic and inelastic “ehavior of two—way slsbs

The acual behavior of a slab is more complex than that of the two
intergsecting middle strips assumed by Grashoff.

However, & better analysis would result if the =lab were consiter—
ad as ¢amyo§ﬁﬂ of several strips in each dirdction, held to coomon de-
flections at their intersections.

A s%ill better apprﬂ:imntiun.wuulﬂ conslder torsional stiffness of
the strips as well as their bending stiffness. Tith a sufficient num-
ber of strips, one may get better resulta that are ;1caely equivalent
to those obtained from the partial differential equation of flat plates,
but the amount of labour required is exceasivs.

Ewven cinutiﬁ_analwsis of homogeneous isotropic plutes, altoougn it
provides helpful information, yet it may be considered as un exuct sol-
ution for the assumed conditions. The chanze of the stiffnesa of the
slab due to different reinforcements in both directions and cracking
that mér develop are not recognlized in this solution.

The theoretlical study of zlahu.shﬂwu th£$ the total lcad on a slab
is carried not only by the bending woments in the two directions but
also by the twisting wosents. For this re.son, bending mozents in elzs-
tic glabs are smaller than would be comouted in cets of unconnocted ==
rips loaded by W and n,. For instance, for a aiﬁpl: supported sguure
slab (1, = 1_:?r = L) subject to & unifors load.w, tho loud in each divec—
tion, according to Grashoff is L w/2 and the maxiuum bending
aoment is given by: . = w1%/15 whils
Tae exact theory of bending of elastié isotropic flat platcs shows that
actually the maxioua moment im sucli 4 sgi:re slab is only:

. ﬂmix = W 1?321
2.8, in tals cuse, the twist asaents relieve the bending mcmeats by

about 25:2.
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Reinforced conerete slabs are monolithie and if the load in see-
tlons of maximun zoment is inereased until this losation is overstress-
=d so0 that the steel yields » B0 failure will oceur becansa the pneigh-
bouring strips will take over the additional load whieh cannot be CATTI-
ed oy the yielding strip. Such an inelastis redistribution reduces fur-
tasr the mexirmgm bending ooment by a further 250, i.e.

boay = WL2/27

Such values used in reinforced concrete design for Aifferan: edge
coniitions due to uniform and triangular lna..in,g are given in the text
Dogk of tanks¥, They may be used in important structures n.f relatively
taick slabs as in tanks and bridges.

Deternirstion of internal fa:-:mas according to BgFrtian code

The code provides that slabs with gside ratios smaller than 231 shall

be designed as tTwo=way.
The precise determination of moments in two-way slabs with various

conditions of continuity at the edges is mathematically formidable and
not sulted to design practice. For this reason the code provides simpl-
ified methods for load distribution and moments.

In order to get the redistributed inelastic bending moment in a +wo
way slab taking its torsional resistance in consideration, the Egyptian
code allows to assume w_= & w and Wy = fw, where w_ 4 W, { w+ The val-
ues of  and f allowed by the Egyptian code fop slabe of symmetrical
edze cm:_hdit:l.uns are glven in table 5-2,

Teble 5-2. Load distribution on twoway slaba according to Epypt. Code

¥ |1l.00] 1.10[1.20 [1.30 1.40|1,50 [1.60| 1.70| 1.80|1.90 [ .00
& | 9.35| 0.40/0.45 | 0,50 0.55|0.60 0.85 | 0.70| 0.75|0.80 | 0.85
£ *|0.35] 0.29(0.25 | 0.21] 0.18/0.15 0.14 | 0.12| 0,11|0.65 | 0,08
= It has to be noted that f= 0.35/y2.

x* "Theory and Design of Reinforced Concrete Tanks™ by U, Hilal, Publish-

32 t¥ J. Jarzou end Co, Cairo
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dccorcingly, the maxinun bending moment in a square slab si=mple
supported on all four sicdes subject to unifors load ¥ is glven by

- D35 = 12 -“12
Sax . 8 23
whilel is only 103 amaller than the valus of the slastic isotropic flat

L

Plates.

These coefZiclents are to be used for determining the fisld sozsnts
of slabs using the approxi=ate values of bending mooents (d = & laf 10
ur-ﬁ-lzf 12) only because tha connecting moments over ths edges of con-
tioucus slabs are not reduced by the torsiocnal realstance of the slabs,
The connecting moaents uﬁ over the supports of a continuous tro=-may
Bguare alab would be:

2 2

a2, = 0. 1; = E;%— over support of end span end
2 2

Hﬁ = ESEEE—L- = Eé&- ever supports of intermediate spans,

The exact valuss of connecting zoments according to the theory of
#lastio flat plates are in some cases 8lightly bizger; e.g. in a fixed

sguare alab.
' o 1= 1=
dccordincg to Grashoff o, g U5 ® - 2
12 25
e
deccording to redistributed inelastic pguations = ?élj

It can be easily seen that the exact connecting moment is bigger than
the value according to Grashoff by~ 205, but the field mo—ent govern-
izg the design is gensrally chosen blgger than the exact values, 1.e:
e o ZolZ _0.35 912 = 12
10»12 10 » 12 3035
Por heavy live loaids in brliges or factorles and water sTrucyi-es,

the fisld uonents of continuous slabs caa be calculated accordiang to
the theory of alasticity and with +aa load distribution according to
GrashofZ rzduczd by the factors of Jdareus given in table 5-3 which tale

toe torsional rasistasce of the slab in consideration.
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Tzble 5-3. Tortional reduction factors for field moments in continucus
two-way sluba

,:i Wi |ue| 51| 18] 1A )asis |28 17 | 1.8 | 1i9 [2.0

T 85 | JBB | JB7 | JBB| .89 |.90 | .91 | .91 | .92 | .93 | .o

A-::r:m*-d.Lu"Elr, the field wowent in a two-way square fived slab subject

To uniforu load is given by:

2
0.5 'ﬂ'la wl
M+ = 0.85 E =, 3
whioh is approximately the value given by the redistributed inelastic

equations, namﬂirl.

The reduction of the field moment dus +to torsiocdal resistance Ais
usually of sequence only in exterior cormers, and especially in slabs
directly supported on walls, as they tend to craok the slah along 45°
lines of th; aorner panela. For this reason, it is adﬁiaahlu that, in

addition to the oaloulated reinforcement, specisl reinforcement shall bes
nrovided at exterior cornsrs in both i

|35

bottom and top of the slab, for a
distanos in emoh direction from the .
corner egual to one-fifth the long I-U’ top or bogp. |

open, The reinforosment in the top '#Luirﬁfﬁ
of the slab shall ba parallel to the b !
disgonal from the corner. The reine 3
foroement in the bottom of the slad
shall be at right angles to the diag-
onal, or it may comaist cf bars in two directions parallal to the sides
of the slab. The roinforcement in each band shall bs of 8ize and spacing
equivalent to that required for the maximum field momsnt in the slab.
Fig. 5-10,

For two-way slabs, the Egyptian oode givea further the following
simple methods of calculation for normal buildings,
u) This code of practice' i walld only for ordinary buildings with small
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e load (= to 400 l:a.r"':la.'l. Slabs of other st—-uctures sueh == tridges,

I_l
¥y

+iguii ccntelizsrs, storshouses, s.s. 2tc., 2re to be designed socording
to their corresnonding spacial eodes,
b) Uinioum thicknessz¥ B cas
for freely supporsed slabs seisawsas togn = '_1,1_1’5{}
for continuous or fixed Slabs .eese by, = Hz‘aﬂ
where L is the sdeller effective span of the slab.
¢) Rectanzular slabs monolithically _nau‘l: with beana and supnorted an
all four sides wheza tie length is not more than two tines the bread:il,
and zubject to unifora loads can be saloulated in normal gases zecozd-
ing to Sha following sinplified method:
Assune 1’:: and 1? = theoretiecal spans,
m = ratio of length between points of inflection for a losded strip in
direction x to span 1:.,
= game for span 13,.
= degree of rectangularity between lines of inflection of a panel
=3, 1 /1 11:
The portions of the lcad in divrections x and y are:
T, - & w anod wT =B w
The values of X and 8 are given in table 5-3.
d4) Values of m and n; are to be detarmined foom theory of elasticit;.
Ia continuous slabs, if the ratios between the spans in one directica
1ia betwreen 2/3 and 53/2 %he following approxization in deterziniag the
values of o and g may be adopted:
If the span under considferation is conmtinunous at one end only, = = &7
T T e a9 'Y i p9 both eads, 2= W73
@) In abaor=al czses of loading such as heavy concentrated losds or
Leavy unifora partial loading as well as cases of slabs Ireely suzpori—
g4 at four siiss snd of relatively wide spans, the above load distribu-

= Asotaer zood rule for choosing the minimm thielmess i1z that It is

#g24l o the Dznel perineter divided by 180.
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tion is not sllowed and the deslgn should be acoording to acsmowloedged
theories.
f) Reinforcenent in secondary direction should mot be less thun 0.25
of the muin reinforcement and not lesa than 596 on/m,
g) Fleld moaent reinforcement adjacent to a nnntinunun odgs anly and
for a width not excued;ng 'y nf tha shorter diuension of the panel may
be' reduced by EEn. _
h) For other comstructional detaila, refer to one-way slaba,
1} In case of slubs resting on musonry walls, the load distribution
lg wifected according to table S-if, _
Tchble S5<k, Loud distrdbution on slabs sugported on musonry walls

wegording to Marcus

® |rwofi.20|1.20[1.20 | 100 1,50 | 1.60( 1,70 1.80|1,90 [ 2.00
X | #2395 4472 | 582 | 4606 | 650,706 | 4| 778 ] Le0s].8%0 LB
B |.2950.373 | 232 | 212 «1721.140 | L113 | 093 | ,077|.083 | .053

Llluntvative exannle
It in required to deoigm the floor mlab shown in Fig, 5-11.
Aopune Timber floor cover + Plaster sevvusies, 100 kgfﬂa
Live load on alab igliil!!liiiillll!!!l 500 kEn’JmE

Thieknoga of alab L YRR R T I ™| cms

Ooncrete Cle0 and normal milad stedl
Loadi W = 400 + 100 + 0,12 x 2500 = 800 kg/o®
Allownble streamseat (according to Egyptian coda)

0, = 50 kp/en? and U, = 1400 ka/on?,

The solution will be made twice; the first fﬂilmn thes Emtia.n
oode assuning that the ratio of rectangularity ¥ equals a1, /ol
and the 1nuﬂ-ﬂintrihutiunnfantara & and B are according to tnhlu Sel
The bending moments and the currnﬂpnnding reinforcemsnta for lauh &irz
ection ure then calculated with the approximate walusss N, = e A 2T

RN 10-=10
and the second molution will be mads anpguning X a l:rflx dirastly.
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First gelubicz. Ascordinz to Z=zgotisn code
]

ny Load Sdetribublicn

craell 1. T 3-:1.. , . z.l= 11 4 o v =Fw| B -:rE=§—_-,r ]
as =5 | 28 ns- g/ o

S, | 5.00|0.67|4.35 [4.00 | 0.87 | 3.48| 1.25|.475| 380 |.230| 184
'8, | 5.00 | 0.87|4.35 |4.00 | 0,76 | 3.04| 1.43].570| 455 L.177| 142
S5 |'5.00 | C.75{5.80 [4.00 | 0.87 | 3.48| 1.08} .395| 315 |.254| 205
8, | 5.00|0.75({3.80 |4.00|0.75 | 3.04| 1.25/.475| 380 |.230| 184

b) Bendine moments =nd reinforcements in z=2in direction

=12 i
manel] k ﬂI'EfE G=t=1.5 k1=r-§; Ca k., an‘ﬁ rfot. chi:&n
Kgn cm g/ on® cm® ea”
31 10{ 810 10,50 O0.4251 41,5 | 1254 %.50 6210 | 4.50
SE 1= 6810 10.50 0.425 | 41,5 | 1254 4 .60 ST .ol
53 101 510 10.50 0.865| 37 1258 | 3.80 Eﬂlmﬁj _3.85
S, |32 51¢ 10.50 C.465| 37 |1268| 3.EO SP1C+38E  3.65

e) Bending moments and reinforcerments in secondsry direction

-1 = -

hanel| i :5?._%’ 2=t=2.5 kf?%'; % | % [rerpd | == :-.‘:::zen
kg m ca xp/oa o= o=

51 |ao| as0 9.50 | o.u3| 39 |12a2| 3.88 |3P1c+3g8 .85
S, |10] 355 9.50 0,505 | 32.5 |1280| 2.9 af8 | 5.0
S5 |12| 423 9.50 O.482 | 37 |1288| 3.52 390104388 35.85
Sy |12 38 2.50 C.u85 | 34,5 | 1274 | 3,18 sfa 3.0

Second solution

In reinforced concrete skeleton bulldings with marginal beams of
relatively bilg dimenslons, one asy assume that all paznels of the slab
are partially fixed at their edges so that the degree of rectasgularity
A is equal to 1/l . In this case, the tables of calculation can be

~eiue to -one table zs follovrs:
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hanzl] w o & [ )3 | ¥4, | z2=t. B | ﬂ,ﬂ 4o f o,
u:g_f'm"d ksa jeas o= i | o

51 |B00 | 1.23L475 00 | 510 12 (4.5 | 5 8 19 | .230{ 106|450 5.E5| 2104328
430 |3

1.23 "™ p2 (510" | 3.85 5Z10+3p8] v +E31 3P10+378

&
g

.33 acgd | 1.2 " no|sio|™ (4.5 a @ 10 H 121575 13.101 5 P 8
EI_L 2001 1.2 " f2|510)"|z.85 3iﬂlD+§ﬂEli " 121373 |3.1C = @8
ITa the :!.':m-ré table, we howe: E.L_r = w8, and 3 = [;H
and & ue 1

e

la__ - — = = = x
< Ty IA00 x 0.9 € - 1230 x 0.105

sy -

- _x =
o 1400 = 0.9 4 ~ 1230 % 0,p0s

Tais last solubtiom is gensrally convendent for oftice work and gzives =zu®-

ficiently sale results, The detaills are showm in Hig. 5=11.
| Solution 1 4'_ Selution 2 -
5 £ . ap s ; ! 2.0 st |
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5.4 Rikbed and Hollov—block 3lzhs

Derimm assoriine 4o the Zcyotlian Code

maa Ezyptian code gives the necessary provisions for The design
of one and twe—way ribbed and hollow-block slabs as follows:

a) Genazal Te=arks _

1= In the ealeu’ztion of hollow=block slabs, the hollow-blocks are
considered not to be statically acting.
2_ The following conditions regarding dinensions should be complied
with: Refer to Fig. 5=-2.
Yaxioun clear spacing of ribs: e__

divimum width of ribs: 5 ems or L/3- of deoth.
*inimum thickness of acting compressicn slab: 5 oms or /10,

= 70 cma,

3= Iz case concentrated loads are acting direct om the slab between
the Tibs, tae bearing capacity of the compression slab alene shall be

checked.
b) Ome-way cibbed slsbs (ribs in one direction):

1- Disztribution bars ncrmal to ribs are to be 205 of maln reinforce-—
ment with a minirus of 3 @ & mo/m and one bar & =m is to be placed
petwean each Yoo ribs.

For live loads an=ller than 300 kgfﬂ% and spans over 5.0 =ms, at
least one cross rib is to be provided in the niddle of the span , of
a eross section and reinforcement not less than those of the cain rits
and with a top reinforcezent at least }% the bﬁttnm reinforcesent.

3= For live lozds bigser than 300 kgan, and spans from 5.0 %o 7.0
28, %2e cross rib is Yo be provilsd as above; For spans =bove 7.0 os,
“i-ge cross ©ibs zre to be proviled. Dimensions and relnforce-ient c=
abawre.,

) Mmpecsraw »ithed globe {pibs in twe directions):

In thisg srsves, tha cosnzression slab may be partly omitted, d.2.

<hg =ibg zoy have “he form of & T-szection, with a linited width of

“he coupreossion flange. The lcoad distritution is to be tsken s follows
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For slabs with complete cover , uss ths coeflfiziests of darcus siven in
Table S5=4.
For ribs with cover slab pactly ozitted, use $he coeffisisnts of Groz-
hoff ziven in table 5-1.
Tae following nrovisions &pzly to both one-way and So=mway ribbhed

slabs:

1~ Zini-um distributing bers in the codpression slab areto be 3ga
2/,

2- Shaar forces in ribs are to be treated according to article 4.5,

5- Bolid comerets pacrt is to be providad at intermsl supports of com-
tinuous slabs, to resist negative bending -omenta,

4= For effective sovons and bending =moments refar to article 5.2,

5- The breadth of the support over briciwork oust not be less “han
15 ems and no hollow-blocks to extend over tae support,

Sone troes of hollow-block and riobad slaba
—_'-—-—-Il_'—r-u__.-_'_. —— e

Thz'lis> Concrete? hﬂllnﬂ-hg.__ucks. Genaral datas Table 5=5
)

. daterdials requirsd / = Dead loads kg / n®

Dimsnsions of
blocks in cms

2, of blocks concrete oonelit hegomnisy :

1l way| 2 wsy 1 mayi2 way |1 way 2 sy 1wa:*12w.13i

15x20x 50 |10 8,4 10.073/0.083 | 238 | 270 | 300 | 320
15x20 x40 |10.4 |- 8.7 |0.075|0.0085 | 240 284 303 | 336
20x 20 x40 1104 | 8.7 [0,083]0.111 | 255 | 330 | 330 | 380
25 x 20x 40 (10 8 0,100{0.140 | 320 | %06 | 210 | 478
33 x20x65 | 7.7 | 8.6 |0.126[0.175 | 445 | su2 | sgs | 850

o ]

. ;




=-=7 5=

m— I =T = i T
Temas of midbed sisbs

The foras of one and two-way ribbed slzba ars available either in
stzel or plastic sha&ta. the depths vary best—een 15 and 40 cms and the
distance betwean the ceatera of ths ribs vary vetween 50 and 90 cas as

shgwn in Fig. 5=12

Pig. 5-12 Ribbed slaba

[llustrative examole

I* ia reguired to desaign the one=way hollow floor slab shown in
Fig. 5=13 to carry a live load of 300 kg/a°. assuae a floor cover and
plaster of 124 L'.gfna. The paterials used are ClB0 and normal 3ild st—

cel with £, = 2300 ke/ead,

T

Assuie a one—way hollow slab 25 cas taick naving a sompression

slab of 5 cua, hagarit boilow blocks 20 x 20 x 40 cms and ribs 1C cos

wide; l.e, distance petween center linss of riba = 50 cos.
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aecording to table 5~5, the own welght of the slab is 330 Tz/a";
A&acai
Dead load: 128 + 330 per 3° or g = &.zi = 227 kg/a' per rib

Live loadi sees :55}0 Par H,E or P o= E = 150 1 " "
= i

wotol w = 377 o " "
32nding zoasnts and shearing forces -
Toe absolute maxizum bending moments and shearing forces per rib
({50 ems) will be calculated according to table 4=2 (case 2). Hence:

S2nding coments

At 0.4 1 of firat span mace H+=(.080x227+.1002150)5%= 1194 kg
" intermediate support max ii-:{.lﬂﬂxaa?+.ll‘il‘xlﬁﬂlﬁzn lgqg 2w

" ={ddle of inters. span max Me=(.025%227+,0752150)6%a &10 »

woom o w 0 " aax U-=(.025x227-.050£150)6%= &5 *

£ngaring forces

At outside support ' aax Qr=(.400x227+.450x150)5 = 950 k=s

fin Q+=(.400x227-.050x150)5 = 500 "
To left of interm. support aax Q@e=(.600x227+.617x150)a = 1373
ain g==(.600x227-.007x150)5 = 82 "
" gk " " max o=(.500x227+,51B150)5 = 1157 0
ain @+=(.500222P-.085x150)6 = &05 *
If She maximum negative bending moment at the intermediate supporst
is reduced according to a parabolic curve, then its walue will be:
23X, = = 1300 kg 4.
alloiuble streases
For C180, normal aild steel with £ = 2300 kg/ca® and © = 20 cas,
w2 bave: O, = 65 }:g_.r"uma @ = 1400 k.afu:a and ¥=2456 Ju:g"t::a

2izengioning und reinforcenents
Ia a Zollow block slab (or a ribbed slab) of the fora showm i

¥i3. 5=13, the field moments are resisted by the coapression slab and

Ttae teasion etzel im toe ribs, whsrsasz ths goanactiog sZozenrs =t the
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supports ere resisted by 2 solid part, Decause it is geperslly uot con—
wvenient to arrange tae blogks at the upper gurface of the slab whers
the tension zone liea. In order to get a reasonaple economic soluticn,
the preadtn B of tae solid pert snould be { /6 (in our case, B4{1 =),
in order To get whis result, it is advisakle %o aake a redistribution
of the bending moments by reducing the connecting monents over tae ine
cermediate supporta by about 15%, i.e. am- = 0,15 x 1899 = 220 kg n.
iecordingly, the bending mouents used for the desigm are ‘l;hﬂ-E.t ahown
natehed in Fig. 5=14.
Jetersination gf_breacta B_of the solid part_

“he hreadth of the solid part is to be chosen such that the mo =
ment of resistance s, of section a-a with breadth b = 10 cms 1s suf-
ficient. X can be dazersiped according to eguation 4=156, nanely:

i

d = 0 fﬁ
in waich
d = 22.5 cna _E’E = allow. stress = 65 kﬁfﬂﬂz b= 10 cos
¢ im to be chosen for u"___fu:: = 1800/65 = 21.5 " and o= 0480

being the maximum allowed ratioc of compression steel, Hence sheet 12
gives ¢ = 2.1 . Thersfore
22,5 = 2.1

=x
a5 x 10
Plotting this value on the bendirg noment diagram, one can deteraine
the Sinisun value of the breadth B of the solid part. In our case, &

Eiving Hr = 750 kg =

brezdth B = 1.05 as is ample.

middle_sgchion of outsids spans 4+ = 1500 kg 3/rid (50 cms)
a=u11/2 or 22.5=01k]/2252  giving  k; = 0.4l
L. e Q.30
aegording to table S=3, we geliforc; = Leod ‘:.g.r’q.'f' and L =0
.|:r = 39 ] _.H.,u. ‘:E = 1=62 BO nhati
Boonn - i3l o 4 B 2 1 2 2
iy e _'LdﬁE =5 4.556 oo chosen 1819 + 1915 (.80 =)

£l

shown izn is besed on the asgumrtion that toe neutral aTis
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lies inside the coapression slab i.e. 2z { 5 ems, if not, the cospress-
ive stresses in the conpression slab sust be checked; they zust be
snaller than the allowed value of 65 kz/ca®, Heace
z:n_m—lIlB E]Jl+§—%;-—2-l} -%i‘/l*'zﬁx%éﬁg— 1} lS.Ekm
This wnlue is bigger than 5 cas and can be accepted if the aa&inm
3tress in the coapression slab is saaller than &5 k:afnaa. The actual
—axizua coapressive stress can be calculated according to sheet 4.
Thus 8= t./d = 5/22.5 = 0,222 and = A./b4 = 100 x 4.8/5022.5
or (ua-ﬂ.ﬂaﬁﬁgi?inanluﬁd and -0, = ¢, & / b & or

o, = 2 % 130C 00 _ 490 ig/cud
50 x 22,50

2

i.8. a compreasion elab of 5 cas ia sufficient,.

g£iddle_sgection of intercediste spanm X = B30 kg m / rib (50 cas)

The mozent in tnis section is ouch saaller than that of the pre=
vious section and the depth is the saze; =o thntaéislwud one
can assumea kE = 1300, hence

B30 2
A = m = 2.85 ca‘e chosen 1016 + 1913 (3.34 o)
Segtion gver intermediate supporg H = 1080 kg = / 50 cas
22,5 = X a]*gé'% or k 0485 1.8, ( = 35 kgfca® and k, = 1273
A 1080 = 3,80 mtE chogen 2 @15 (%02 cuEJ

8 -~ 1275 x 0.225

Diszonal tension
The marxiaua diagonal tensile streass taxes place st section a-a

where 4 = 1217 kgs. Hence

1217 j
I'm - ey e 353 a B.2 ky’c-nz acceptable.

The displaced bending aoaent diagram , the moment of resistance
diagram and the details of the slab are shown in Pig. 5=14,
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We give iz the followimg some applicatioms of hollow and ribbed
slabs,

Figs. 5=15 shows a ome-way hollow-block saw-tooth roof with a spam
of 7.5 ms. In the Ei?nl roof, the hollow slab is supported at its
lower emd om a y-beam coatimuouns over the maim columms havimz 6.0 a8
between ceaters, and at its upper end om a ridges beam comtimuouns over
inclined posts every 2.0 ms. The posts are agaim Bupported on the y-
beam. The roof cam be assumed as a oms-way simply supported slab. The
span being relatively big, a hollow-block slab, 25 cms thick, seesms
to be a comvenieat solutioa. The compressiom slab is 5 cms thick, the
hollow blocks are 40 x 20 x 20 cms, the ribs are 10 cms wide with a
distance betweem cemters of 50 cms. The temsiom reimforcement of each
rib ig 2 4 16, The maiam ribs are commected together at their cemter
by a distributisg rib 10 cns wide amd reimforced at its bottom by re—
inforcements of the same order as that of the maim ribs amd at its
top by 2 @ 13 whose area is bigger tham half the maim steel., The roof
is provided with a tie 20 x 20 cms amd reinforced by 4 ¥ 13 to resist
the horizomtal thrust of the roof dus to the fact that the loads are
vertical amd the reactiom at the ridge beam is imclimed and alomg the
axis of the posts which means that the reactiom of sach pamel at the
F-beam is imclimed. The horimzomtal compoments at the imtermidiate y-
beams camcel each other, i.e. the fimal load om them is vertical.

This system 1s generally used im factories where imdirect light
without sum rays is reguired. Ome cam satisfy this requiremert by
simply arraagiag the wimdows betweem the posts to face the morth, Tt
is also advisable to make tha imclimatiom of the roof smaller thas
iﬂ with the horizomtal to be able to comcrete the slab om ome shut-
Terimg. The detallimg of the cormers of such a roof is to be carsful-
ly dons.

Fig. 5-15 shows the roof slab amd the mais girders of am air com=—
ditiosed wollex textile fastory. The air conditioning ducts, 10 ms



=27%=

SECTION X - X

EEA A

!

Loy B

> wmﬂﬂmﬂﬂ

¥ ._‘__.‘.\1-__..-_..‘1.._&1...1...1...1.\.“

_ Tkt

S O A 5 O O ™ = "5 I A O O

_ Hih‘

g

T 1

-

S

_ 40

7ia

S

H_uta

NORTH _LIGHT SAW

TOOTH HOLLOW - BLOCK SLAS %,

Wi

nfLa

Fig. 5=15

1

i i“



=2 B0=-

Spart, have a trapezcidal sectiom 1.5 ns clear depth, their clesr wid-
th is 1.00 @ at top amd 0.80 m at bottom, The sSupporting columms aps
arracged below the ducts at distamces of 24 ns.

The walls, top amnd bottom slabs of the duct have beem chosem 20
cms thick, so0 that it was possible to use (the 1.9 ms high) trapesz=
oldal sectiomn of “the ducts as continusus maim girders 24 ms spam to
support a ribbed roof slab B.60 mas clear spamn.,

The ribbed slab is oms-way amd 30 cms thick. It is composed of a
solid compressiom slab & cms thick amd ribs arranged every S0 cas, The
ribs have a trapezoidal sectiom 24 cma deep amd B/10 cms wide. Im or-
der to distribute the load over the ribs amd to assure their combimed
actiom, two stiffemimg ribs havimg the same sectiom as the maim ribs
fre arramged im the lomgitudisal directiom parallel to the ducts, Ia
order to bhave adequate space for reslstiag the commecting momemts two,
40 cm2 long, solid parts ars arramged adjaceat to the ducts.

The reimforcemamt of the compressicm slab is S@#8/0 mormal to the
ribs amd 4@5/m parallel to tham,

The maim ribs are reimforced by 2416 (high grade stesl) at the
bottom im the spam and at tha top over the supporta. Ths stiffening
riba have 2415 at bottom amd 2413 at top. L

Amother good example showinmg the use of cme =md two—way hollow-
block slabs to cover wide spame is givem im Fig. 5-17. It shows the
detalls of the roof of a mosgque 15 x 15 ms. The slab is assumed fix-
ed at the perimester of the outsids octagom. Its middle octagomal part,
10 ms wide, is a two-way hollow-block 8lab 25 cms thieck. The outsids
parts are 75 cms ome-way hollow=block slabs to resist the megative
moments of the fixation. Thegs firisg momeats are trassmitted to tha
triazgular parts at the cormers amd to the heavy wall beams at +the
cemtral parta, Such beams cam resist ths firiag moment of the slab by
their torsiomal resistarzca, To resist the megative momemts of the roof,
Tthe slab, outside the iutermal octagon, is composed of a 25 ems lawer
comp, slab overlaid by 40 coa hellow=blocks coversd by 10 cma slsab.
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?c:fﬂgﬂ;zze ns filat slabs

A £lat slab is a concrete slab zemerally reinfoarced in twoe Airesn
ions parallel to the sides of the slab as to brimg the load dirsctiy
%o the supporting coluoms, without the help of amy heans or girders.

The reinforcemeats are arranssd At the lower fiber im the niddle
of the spams amd im the upper fiber at the supports.

Im order to overccze the possible pumch of the columms throuszh
the slab 2ad te resist the high bendimg moments amd shearimg forces
&% the supportiag columss, their heads should be accordimg teo oms of
the feollowing arramcsceants. Fig. 5-18.
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Only the parta of a colums head imside the limes of 45. cam be
assumed as actimg.

It bes been foumd that a flat slab with spans 1, amd 1, benaves

as if it were composed of two systems of frames or comtimuous bezms
according to the way im wolch the commectiom bhetwesm the supporting
coluans awd the slab is introduced in the calculatioms. If the joint
betwesm the columms asd the sleb is assumed rigid -as it actually is-
and the relative rigidity is comsidered im the calculstioms, then the
Systens ere comtinuous frazes, If this rizid commectiom is megleated,
then the systems are costimucus beams. In this last cage, the colucns
aust be desigzed such that they cam resist a specified bending momsn=.
Ca= of Lke two systens hasspans L1 amd breadth 12, tha other has
apeRn IE 424 hrasdth 11, Zazh z¥stexm is to be ealzulated for the full

dead rxc live leads. Accordiecly, tie Digzer Somemts cccur im tas di-
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rectiom of the bigger spams. Ome should coopare this with the two-way
slab supported om all four sides whars the short slab strips carry the
larger load amd larger momeat. Im such a £lab, the lomg slab atrips
carry less load amd less momemt, but it should be moted that the lomg
beams have to carry heavy reactions and large momenta, Two=way alab
momeats im both directioms are reduced because the beams hslp to carry
the momemt. Im the flat elab, im comtrast, the full load must be car-
ried im both directioms by the slab aloas.

Flat slzbs,being thinm members, are mot scomomical of steel, but
they are ecomomical im their foro-work., Simce forawork represeats a
comsiderable part of the cost of reinforced comcrete, ecomomy of form-
work oftem meams over-all acomomy.,

For heavy live loads, over @ 500 kg/m, flat slabs have lomg bees
recogmized as the most ecomomical comstructioa. Im more recemt ¥ears,
flat plate floors have proved ecomomical im multi-storey apartmeant
buidisgs amd warehouses. Reduced beight of storeys resultisg from the
thim floor, absemce of beams and the smooth cellimg seem to be factora
im the over—all economy,

Desizn according to Egyptiam code

1) Hotatiom
It is gemerally meamt by the term flat slab, a reisforced comcrete
beamless solid slab with or without drops, directly supported by col-
umes with or without flared colums heads. Fig. 5-19,
1y = Length of the pamel im the directiomn of the span.
l2 = Width of the pamel at right amgles,
1) amd 1, are measured from the ceaters of the columms,
1 :-!hunrmguurl,lmtz.-
D = The diameter of the columm head, ar the largest circle drawm in-
side its sectiom.
¥ = Total load per umit area of the pamel,
t = Total thickuess of slab,
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a- The total thickmess of the slab should ia mo case be less tham
the greatest of the followimg values:

15 eas,

1/32 for ead pamels without drops,

1/36 for imterior pamels, fully comtimuocus amd for emd pamels with

drops,

1/40 for imterior paamsls, fully comtimucus, with drops.

b~ The dianeter of a columm (if circular), or the side leazth of &

rectamgular columm should im mo case be less tham the greatest of

the followimg wvalues:

1/20 of the pamel lemgth im the aames directiom,

1/15 of the height of the floor,

30 cms.

g= Whers columm heads are provided, the heads of imterior colu=zas,

amd such portioms of the heads of exterior columms as will lie with-

im the bulldimg, should satisfy the followiag requiremeats:

The amgle of the greatest alope of the head should mot exceed 45°

from the wvertical. .

The affective dlameter D to be imcluded im the desigm should mot be

more tham 0.25 1.

Where the columm amd columm head are Iﬂtfﬂf circular cross-sectios,

the term diameter used im this article should be deemed to meam tie

diameter of the largest circle which cam be drawa withim the sectiom.

4~ Plat slab pamels should be assumed divided imto field and coluzm

stripa as follows:

The width of each of the field and columa strips should be takea

as half the width of the pamel; im case of slabs with drops, the

width of the columm strip is equal to the width of the drop amd the

width of the field strip equals the rest of the pamel.
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37 Degigs of flat slebs as gomtimucus_frames

Fiat slabs if mot deaigmed exactly accordimz to thesory of slaztizity

aay be desigmed as follows:

A= The beadimg momexts amd shearimg forces may be determimed by aa
amalysis of the structure as a comtimucus frame and the follcwimg
assunptioms may be made:

The strusture may be comsidered as divided longitudisally and tresns-
variely iato frames comeistimg of a row of colunms and stripa of
=lab with a width squal to the distamce betweam the cemter limes of
pamcls om each side of the row of columnms,

Lach frame may be amslysed as a sgeparate frame with columms above
arnd below assumad fixed at their extramities umdesr full dezd zad
live load im each directiom, and im positioms giviag maximum imter—
%2l forees, The spams used im the amalysis should be the distamces
between cemters of supports amd differemce of moment of ime-tias is
te be takem im comsideratiom.

b= The slab should be designed for the bemdimg momemts so caloculat=
ed at amy sectiom, except that proviziom meed ot be made for Ereat-
i megative moments tham those at the critical sectioas for shear
imnediatly adjacemt to columm, as showm is Fig. 5-19,

The beadimg moments for which provision is made should be divided
between the columm awd the field strips im the proportions givea im

table S5=6t
Distributiom of bemdimg momemts betwesa columm
amd fileld strips, expresssd as Psrceatages of
Momeata
Total negative or positive momemts
Columm strip Field strip
ldegative momemts 75 & 25 %
Positive mooemts 55 % a5 o
[

o= Then the coluns strip is takea equal to the drop paasl, taem the

field strip will be greater, amd the distributioa zust be 30 corpacted
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that the field strip takes greater part im proportiom to the imcrease

im its width, amd the coluom strip smaller part, 80 that the the to-

tal mcosats are the sames as above.

loads.

a) This method appliess omly whers the followimg conditioms are sa-
tisfied:

The slaba should comprise a series of rectangular panels of approx-
imately constant thickness arranged in at least three rows in two
directions at right angles, and the ratic of the length of 3 panel
to its width should not exceed 4:3.

The lengths or widths of any two adjacent panels in & serles shoul’
not differ by more than 20%. End spans may be shorter, but not loo- -
er, than interior spans.

Where adjacent spans differ, the length shsuld always ba taken as
that of the longer span in calculating the bending mozents.

The drops, if any, should have a length in each directicm not lear
than one-=third of the panel length in that direction. For exterior
pancls, the width of drop at right-angles to non—-contlnuous edge ,
measured from the csenter line of the column, should be aqual = B2
half the widtk of drop in interior panels.

Depth of drop should not be more than * and not la2ss than & of the
glab thickness. '

b) Critiecal sections for bending moments of interior panels, rully
continuous are as follows:

Positive moment along center-lines of the panels,

Negative moments along the edzes of the panal on the line joining
+the center of colunns and around the perimeter of the calumn hsad.
¢) The bendinz moment for which provision is made should be divided

besween the column and field strips as shown in table 5-7, where:

H"-LE EDE
Hunl_n {_11"""?} L IR RN R R RN R 5"'”'
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in whizh 1; = length of panel in direction conaidered,

L, = . M " » DPerpendicular direction.

Table 5-7 Empirdcal distribution of bending mozents in flat slabs
Distribution of B.l. in panels of flat slabs in percentage of i
Strip S o B ﬂugggit Exterior pamel Interior panel

type |= ve A +ve M |-=ve M |+ve i
with drop e = 25 50 20
Column B 35
¥ -
atrip without A 80
— - 30 30 45 25
4 10
i with drop u = 20 15 15
atrip without A 10
dcis B 45 20 15 15

Typea of end supportag
A = po beams,

B = beams with total depth equal to or more than three times the
alab thickness.

Kote 1: When the columm etrip is equal to the width of drop, the width
of field strip is increased to a walue greater than % of the breadth
of the panel,and the bending moment in the fisld strip should ba !ln-
ersased correapondingly . The bending moment im the column strip
is to be nccn:ﬂiﬁgﬂ: decreased. However, the sum of both bendin; mo-
ments in column and field strips should mot be less than the sum
of bendi=-s moments (positive and negative) whick is resisted by both
the column and field stripes together.

Hote 2: When exterior panels are smaller in length than irterior pa-
nels, then the bending moment may be modified accordingly.

d) In case of heavy live loads, the negative bending moment &t the
mid-spana of interdor panels should not be less than the wvalues
given by the following relationss



ip: M = (g =2 p) lE (1, = £ D)2 S=5-
Column str yeH =5 & 3 b &0 1 3 L T T T T
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L] g i - E D 2 AR L
Field !‘I:I‘I.,_'p H =ve = ':E 3 P] lm‘:ll 3 ] . sesne D=

5) Bending moments in panels with snd without mergins] beaas
a= Flat slab with marginal beam of total depth egual to or more than
three times slab thiclkness:

x The bending moment in half column strip nd;jacnn‘h to the baean will be

0.25 the values in previous tables,

£ The total load to be carried by the beam should comprise the loads
directly on the beam plus a uniformly distributed laad equal ta .25
the total load on the panel.

b- Flat slab without marginal beam;

x The bending moments in half column strip will be 0.5 the values in
the previous tables,

6) Bending moments in_columns
8- Internal and external columns should be designed to resist bapd—
ing moments equal to 50 and 90 per cent respectively of the negative
moment in the column strip specified, These moments should be appor-
ticned betwean the apper and lower columns in Proportion to their
Etiffnesses. In internal columns, the direct load acting with the
moment may be reduced to allow for the panel on one side to be fres
of imposed load,
b= In the case of external columns carrying portions of the floors
éand walls as a cantilevered load, the specified column moments may
be reduced by the moment due to the dead load on the cantilevered
portion,

7) ghear stresses
The shear stress at the eritical sections shown in Fig. 5-19 should
not exceed the allowable values given in tabla 3.2
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8) Arzangement of reinforcements in flat slabs
a- The slabs designed according to the empirical methed are to be re-
inforced in two directions, the reinforcement should be =o disposed
that each strip is reinforced over its full width.
b~ In each strip or band at least one third of the positive reinfor-
cement should extend in the lower part of the alab to a distance
greater than the line Jjoining the center line of columns.
¢= The negative reinforcement in the top of slab should exrtend into
adjacent panels for an aversge distance, measured from the line join—
ing the centera of the columns, of not less than 0.25 1, and no bar
should extend less than 0.20 1 from this Jin;.
d- The full area of negative reinforcement should be provided for a
distance of not lees tham 0.20 1, measured from the line joining the
centers of columns. The full area of positive reinforcement should
be provided for a distance of not less than 0.25 L from the center
line of the panel.
e= In flat slabs supported ca columns without heads, or when the dia-
meter of the head is less than twice the average wldth of the top of
the column, two-thirds of the amount of reinforcament required to re-
8lst the negative moment in the column strip should be placed in a
width equal to half that of column strip and central with the column
and the rest to be divided on the remaining width of the column strip.
f- At all discontinuocus edges, the positive and negative reinforce-
ments should extend to maintain a proper anchorage.

Column heads are to be reinforced by !
reinforcements 1 and 2 shown in Fig.
5=204 they must be sufficient to resist
the bending moment from the worst posi-
tion and the bending moment mentionad
in articlies & snd 5., The minimum rein-

9) Reinforcement of column head I_ _1-
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Torcemant ies given by:
a~ Por rectangular column head: 1/25 of area of negative reinforce—

ment / m' of column strip in direction considered x length of per=
pendicular panel to this reinforcement,
h-.Fur circular column head: the sum of reinforcement 1 and 2 ob—
tained as above are to be distributed aleng the perimeter of the
column head,

Illuatgitiva_g;nuﬁlg

Toe method of design of normal flat slabs is 4llustrated in tha
“ellowing example whick contains the design of the roof and one of
the floors of a bullding 20 x 28,5 ms, The height of each floor is &
©s. The live load to be carried by each of the floors is 1100 kg/m,
#n additional load for roof cover aof 200 ksfne and for each of tha
loors of 100 kg/u” ia to be considered in the design, The materials
ieed are concrete C200 and normal mild steel with fr = 2300 kgf:ng.
Fig. 5=21,

The columns are arranged every 7.00 me in one dir;ntiun and 6,50
ms in the other direction. The spans in both directions being approx-
imately equal, the empirical method given in the Eﬁ:ptinn code shall
ba used,
4= Design of the second floor

Chosen dimensiens

The spans being relatively big (1,,. = 7.00 ms) and the 1ive loads
relatively heavy (p = 1100 kg/n®), the slab 1s provided with a drop -
panel. %

The chosen dimensions are as follown:

Slab thicimess ...... t_ = 20 cos ) lpay/36 = 7,00/36 = 19.40 caos
Drop panel ....vevs.. 250250 ons 0.32 - 0.40 Ypax, = 0.357 Loy
Thickness of droDsssevansss 8 cmg 0.25 - 0,50 'I:ﬂ = 0,80 t:
Column wevscevesnsens 50 x 50 cus ) loax/20) /15 ) 30 cas
volumn head D sseses. 150X150C cos -~ 2/5 lma: = 156 oms
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Fig. 521
ul-‘l'siﬂﬂlmlillliiizfl:mm t)}t’ a3 x20 =60 cus

Loads

FLOOE COVEE asessessssssnssssssssasessl00 kg/u
Slab 20 cms thick 0.20 X 2500 wesesss 500 ™
total dead load g = 600 "
live load p -m "
total o -1-'?; "
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Bemding mnmegﬁg

As the slab is provided with a marcinal beam whoas total depth ia
(30 cme) bigger than three tizes the slab thickmess (3 x 20 = &0 cas),

then case B table 5-7 governs the design.
Bending moments in longer direction: Span 11 = 7.0 ms, breadth LE = 5.5
According to equation 5-7, we hawe:

¥ b 2 0% 1.9 x 6. 2 x 1,5.2
H'DIT{I.]--T:I 5—‘25-'6—'2{?!{1"“—5“5-} '#’D-Dﬂl‘t

This bending moment shall be distributed between the column and fiald
strips according to table 5-7 in the following mannarg

Exterior panel Interior panel
Strip i
= V@ M + v | - ¥a M + Va |
Bt m & mt m t

Column | .35x40 = 18,0 | 25240 = 10.0 SOEHD = 20,0 20180 = 8.0
‘%iﬂld 2040 = B.0 | 20280 = 8.0 15080 = 6.0 «15x%0 = 6.0

LTutal 22.0 18.0 26.0 1%.0

Assuming that the breadth of the column strip is egqual to the
breadth of the drop panel = 2.5 me only and not IEIE = 3.25 ma, then
the breadth of the field strip ahall be increasad to 6.5 - 2.5 = 4 pma
and the bending moment resisted b¥ it shall be increased correspond=
ingly i.e. by the ratio 8/3.25 = 1.23. The remaining bending moment
shall be resisted by the coluan 3%rip and distributed over ita bread-
th of 2.5 ms in the following manner:

T Exterior panl Interior panel
Strip
- ¥a i + Ta M - Ta o + e ¥
Bt m ot m %t m it
Total q 22,0 18.0 26,0 14,0

[field 42l 1.2528,029.84 |1.258,029.68 [1.23%6.,0-7.38 | 1.27%6.007.38
"/ 1 9.88/2.0=2.85 | 9.68/5.0u0 .a¢ 7.38/4,0=1,85 |7,38/8.0=1.85
Dol.2.50] 22-9,84212.16 | 16-9.86 <8, 12 26~7.38218.62 |14-7.38 =552
T/ M12.36/2.50 = 18.16/2.50 = [18.62/2.50 = |5.68/2.50 <
5 m{ 5,888 3,268 7448 2.658 |
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- Dimensicning

The depth of the flat slab ocutsids the drop panels is %o be destar—
mined for the maxrisum fisld momant of the axterior pansl of tha column
strip i.e. max. ¥+ = 3.264 mt/m. Thse depth being chosen = 20 cas,

hence dw £ -~ cover = 20 = 2.5 = 17.5 cas and
4=k E ar 17.5 = tll..-' 23-‘ giving k; = 0.306
For normal mild steel {-'r'. = 1800 tp"ﬂe table 4=5 giwves
0, = 62 kg/fem” { 70 kg/ca” allowed and k, = 121&

u =%
Tharefore Ay = E‘.::-’! i = 15.8 l.‘-’lE chosan B §# 1&/m
For the marimim nagative momant at interior columns M = 7.04848 =k,

t = 28 caa » d = 25,5 emna and

25.5 = k; % giving 1k, = 0.295 i.e. @, = 66 kg/ea’ and

Tana chosen 12 @ 15/m
k, = 1206, so that Ay = LB = 20,2 em®

The reinforcemants required for the other sectiocns are to ba deter=
mined in the same wayj; tha results are given in the following table:

Strip|Position | t d Wa | ky Pe k, A, Rfmt
co | cm kg m kg cm®
Ext. =ve| 20 |17.50| 2860 | .355 | 52 | 1233 | 11.4 | 3)816+3)913
= +va| 20 [17.50 | 2460 | .353 52 1233 | 11.4 =
Field]
Int. =ve| 20 |17.50| 1850 | .407 | 43 | 1255 | B.4 78 13
"  sve| 20 |17.50| 1850 | 407 | 43 | 1253 | B.a -

Ext. -ve| 28 |125.50| 48648 | 366 439 1238 | 15.5 8¢ 1s
Columni ™ +ve| 20 [17.50| 3264 | .306| &2 |121a | 15.4 "

Int. =ve| 2B |25.50| 7448 | .295 | &6 |1206 | 2&8.2 12 § 16
"  sve| 20 |17.50| 2656 | .340| 58 |1229 | 12.3 | a4@l3+aP15

Punching and shear stresses
The punching shear streas {2",—_- Q /b d) on a vertical section a

diatance d/2 from the edge of the column head, and concentrie with i%,
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should notexcesd the allowed wvalue of 8 kg/cnm® (table 3.2). Hence

b = & (column head + slab thickness) = 4 (1.50 + 0.255) = 4 x 1.755 or
b= 7,02 ns and d = 0.255 ms

The total load on the pansl is given by:

1.7 x 7.0 X 6.5 + 0.U8 X 2.5 x 2.5 = 77.35 + 1.25 = 76.6 tons

The punching shear at the section described above is:

Q = 78:6 = (1.7 + 0,08 x 2.5) 1.755°= 78,60 = 1.9 x 1.755 = 72.7 tons

hance ?'F = 5‘&% = H.U? kgfma low

The punching shear atress on a vertical section a distance d/2
from the edge of the drop panel and Parallel with 1t should not exceed

a8 kgfnm?.
b= 4 (2,50 + 0.175) = &4 x 2,675 = 10.70 ns and d = 0.175 ms,
R = 78.6 = 1.9 x 2.675° = 65.2 tenas hance

E;=‘iﬁﬂﬂégaggfgﬂ = 3,48 kgfom® dow
In checling the unit shearing stress in the slab acting as a wide
beam, the presence of the drop Panel ower a portiom of the width may
be neglected.
The load per meter of slab in the 7 m span direction im:
1.7 x 6.5 = 10.05 t/m" and
The column reaction is
10,05 x £ = 35.18 tons
4t a distance d4/2 = 0,225/2 from the column head (= 0,75 + 0.1125 =
0.8625 ms from column centar line) the shear § is:
R = 35,18 - 10.05 x 0.8625 = 26,51 +toms bence

r gl 26510 . 5. 2
0.87 b d  0.87 x 650 x 17,5 = 2+68 ks/ca®  low,

Desim of the parginal beam 7 ma span

This beam has to carry its own welght + the wall losd + 1/4 load
of panel, i.e,
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- Loads
Own weight (25 x B0 cms) 0.25 x 0.6 x 2500 = 375 kg/m!
Wall load{3.2 ma high) 0.80 x 3.2 x 500 = 1280 "~
Slab dead load (1/8 total) j-:mr x6.5x G007 = 975 =
total g=2630 ™
Live load (1/4 total) 2 (7 x 6.5 x 1200)/7
ar P=1B00 ™
total w = ;'E &
The displaced redistributed bending moment diagram, the moment of
resistance diagram and the shearing force diagram as well as the de—
tails of reinforcements are shown in Fig. 5-22,

| ¥ .
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Rotasg:
= In this case, the reinforcements per meter of the column atrip

pardaliel to thae glvon marginal besam may be seduced to half the amount
of the intermediate column stripas,

b~ In case no marginal beam is arranged (e.g. at exrpansicn Jointa
of flat slabs) or when the marginal beam is made to resist its own
weight and the wall load only, then the reinforcements of the coluzn
strip per meter parallel to it is to be chosen the same as those of

the interior column stripa.

Bending moments in shorter directiom: Span L, = 6.5 ms, breadth 1, =7
ma,.
w 1 2 2
1 2D 1.7 x 7.0 2 x 1,5
oo ommi ] o e} = (6.5 = o SO0
o 10 { = 3 10 [: e 3 } _E'E ot
Disrribution of botween column and field strips

r— L —— i)

Exterior panal Interior panel

Strip

= va M + Ta M = wa M i t + v M m -

m t m &
Column) ~e23X30 = 12,6 | 25236 a 9.0 .50x36 = 18.0 L20x36 = 7.2
19.8 lE.El 25.4 12.6

Total

{
The breadth of the column strip 1s 2.5 ms only (smeller than 1/2=

325 ma}). Tha breadth of the field atrip = 7,0 = 2.5 = 4.5 m3 and the

bending moment resisted by it is increased by the ratio %.5/3.5 a 1,27,
The remaining bending moment shall be resisted by the column strip in

tha following manners

Exterior pansl Interior pansl
Strip -
- v M + va M - va M + va M
m t m m i mt
Total Hi 19.8 15.2 P 12.6

Fla/8.50) 1.27%7.229.14 | 1.27x7.2=0.14 1.27x5.4=5.86 | 1.27x5.426,.86
Nl.l"|I | grl“;ﬂ'!ﬁélm ?r.l#fﬂ|_5=2-m E;Eﬁf“lE#l.E? EIIB%JI#‘E!:]..E?
Col/2,5a 19.8-9.18 4 | 16.2-9. 1%, o EE.%.BQE Gi| 12+6=5.85, 24

" ,f'f m 1‘}'5,5!;'2‘__!_—: 4"25 ?E.I:EIII;E.E-E[E"E I—Eif“hf’?-.é El E"" EETuf;Elﬁﬂl_:&D
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The reinforcements reguired in the different positions are shown
in the following table

Strip|Position| ¢ d i/m | T. | k& |4, Rfmt
cm cm | kg m ) k.;fcm'ﬂ em™

Exh. =ve | 20 | 15.9 | 2040 | .352 | 52 1233 | 10.4 [3@16+3@15
" ave|20 | 15.9 | 2080 |.352| 52 | 1233 | 10.4 o

FLelal o, —ve| 20 | 15.9 | 1570 |.a01]| a4 | 1250 | 7.9| & ¢ 13
n  sve|20 | 15.9 | 1570 | 01| a4 | 1250| 7.9 n
Ext., =ve | 28 | 23.9 | 4260 | 366 | 49 1238 | 14.4 | 3@19+3¢156
"  sve| 20 | 15.9 | 2820 | .299 | &4 1210 | 14.7 "

Column| Int. -ve | 28 | 23,9 | 6620 | .294| &5 1206 | 23.0 |6@19+3@15
" sve| 20 | 15.9 | 2300 | .332| 56 1225 | 11.8| 6 @ 16

The shear stresses in the slab in this direction are aleo iow and
nead not be chacked.

The marginal beam (6.5 ms span) cen be caleculated in the same way
explained before.

The details of reinforcements in plan and secticns are shown in
Fig. 5=23.

b= Daaign of roof alab

Chosen dimensions

Slab thickness .eesesety =20 cms ) 1 /36 = 19.4 cas

Drop panel .eesssss 00 drop panel live loads are small
ColUMD sessssessssss 40 X 40 cms L ay/20 ) 0/15 ) 30 cms
Column hesd sessssss 150x150 cms ~ 2/9 lnu.t = 156 cms
Marginal beam 25x70 + 12x50 cms t) 3t, =3 x20 = 60 cas
Loads

el

RoOf COVED ssossssssssssssasssnnasnss OO0 kgflz
Slab 20 cm8 thick ssssssssssssnssasss 500 "
DL g = 700 "
Ll. p =200 = fTotal w = 300 ke/n°
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Bending moszentat according to table 5-7 case B.

ionzar direction: Span 11 = 7.0 ma and breadth Iy = 6.5 ns.
iccording to egquation 5-4, we have:

w 1l 2 2
2 _ 2D 0.9 x 6.3 R R Al ™ o
T et o e (7.0 =18} w210 u

mhis bending moment shall be distributed between the column and Iielc
strips (3.25 ms sach) according to table 5-7 in the following manner:

EZxterior panel Interior panel

Strip

- TR o + Ve | - TE | 4+ ya M
m € i . 5 1 =
Nol/5,.25 «30x21.06=6.32] « 30x21,06=0.32 A5X2L 05085 J25x2 L. c5=25.27

————

" J‘r o ﬁa}EHE‘EE"ll?‘E El33f3l25=1195 9-“5;}-2552-?2 5“2?;3125'1.52

F1la/5.25 «20221.06a4,.21] .20x21.06=4.21 e 15x21.06=2 ,256] .15x21.05=2 .25
n /o 4,21/3,2521.29|4.21/3.25=1.29{2.26/3.25=0,69 2226/ 3 .25=0,.65

E;msnaianinm and reinforcenents
t = 20 ems d = 17.5 cma k, =4 ! P u T, & k;, froz table 4=,

Strip|Position | t 4 /m ky ' e iy Rfot |
em | cm |kgm kgfcma cm®
Ext. + 20 { 17.5 1950 <396 45 1242 | B.9 7?8 13
Noluan | Int. - ” n |20920 | J3248] 58 |1221 | 13.7 | 10k 2 13
" = n " 1620 A350 40 12601 7.8 BaRl0+3 015
Ext. ; o " 12"313 IW 3’4 1-2?5 51.5 " ? E' 10
Field 2
Int. + " ke &%0 856 25 1302 E.GQ_ 78 10

Punngégg and shear stresaes

Tha;punuhing shear stressfp on a vertical sectlon a distancze 4/2
from thqmadgn of the column head and concentric with it can be cal-
culated as follows:
b=# (1.5 + 0.175) = & x 1.675 = 6.7 us and d = 17.5 ms
The total load on the panel is: 0.9 x 7.0 x 6.5 = 41.0 +tons

1000 P
Thersfore TFI 5_*-_-?0 s 1705 = 3.5 kgfea
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The load being low, it is evident toat the unit shear stresz in
the slab acting as a wide beam, at a distance ds2 from the coluzmn

head shall also be low and needs no check.
<arzinal bean: Span 7.0 ma , section 22 x 70 + 12 x S50 cas. Fig. 5=24

Usn weight + 1/4 load of panmel i.e.

2500 (0.25 * 0.8 + 0.12 x 0.5) +

1/8 (7.0 x 6.5 x 0.9) / 7.0 or
® = 525 + 1465 = 1990 kg/n

The depth being relatively big and the load

being relatively low, straight main rein-

forcement of 3 P 16 top and bottom shall

Load

w

ha ﬂ.ﬂl'plﬂ' FiEi E'-E'q'-.

Design of shorter direzticn Flg. 5-24
The design of the shorter direction can be donme in the same WAy

but with & span of 6.5 ms and a breadth of 7.0 ms. In tha details
shown in Fig., 5=-25, the reinforcensentas of the different strips are

shown as followa;

Strip | Position Rfmt.
Ext. ¥ & 9 13
- + 3P10+3813
Ext., ¥ 5@ 10
Fleld -
l Int. + b

Dezlsn of the colucsy

Waen & flat slab is desigred by the empirical method, the columng
are designad for the followirg internal forces:
The interior goluzne are to be caleulatsd either for the maxious

dead and live loads 51 plus a minigps beading mozent about any of the
two prineipal axes of the colu=n equal to F,.t/10, =zere t = the dep-
t3 of The column ap for the asaxizum dead load and live loads zn bt

Si-8 o0 tie colump under snmodsanaed dy, + a bendinz zecany B

(35
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50% of the nsgatlive moment of the columm strip + a zinimum extra cead-

ing zoment equal to RE.tfln-

The exterior columns are to be calculated for the maximum dead and
live loads N + a bending moment equal to 90% of the negative moment of
the column strip at the sxterior column + an extra minimum bending mo-

zent equal to N.t/10. _

.In computing moments in columns due to gravity loading, the far
ands of columns which are monolithic with the structure may be cﬁnsi—
dered fixed.Purther, the moment of imertia of the columns may be ass=
uzned infinity from the hnttﬁl of the column head to the top of the
slab and the bending moment at the head is to be distributed on the
columns above and below the joint under consideration relative to their
stiffnensa,

Adccordingly, the internal forces acting on the interior columns of
the given example can be calculated as follows:

Zop column 40 x 40 cms

a- Casze of maximum normal forca,

Zdax. DuL + L.l of T00fususonnssanssns Hy =70 x 6.5 x 0.9 = 41.0 ¢
Aln. extra Bads secesecincisniieiinas Xy = Ky % =4lxiz= 1.6 ot
b- Case of maximum bending moment, .

D.L # 1/2 Bul seenecesnceeses By = (7,0 x 6.5)(0.6 + 2% =363 ¢
50% of =ve ¥ of col. Btrip... M, = 0,50 x 3.48 = 4.74 mt

din extra E-H' L R Y Y YRR %1 = 55.3 k4 %{;ﬂi‘ = 1.45 mt

Total uz'llﬁli'-itl.iil-- E.l‘:—‘.l i)
First floor column x o0 cma
d= Cage of maximum normal force,
Zax. DL + L.L of second £1o0or sevees 1= 7.0 x 6.5 £ 1,7 = 77.0 =

<3x%, leoad froa roof + own Welght cevewe = 41,0 4+ 2,0 = 43,0 ¢

Tntal N1. LR B la'::'!ﬂ t

= N, 1-1.: = 1endad & 5.0 =t
= L

":I—'-|l EE'UI‘S. BtHl -|-I--IlipII-l-lliIIIIh'-!';|':
i

3
£
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| b= Case of maximum bending moment,
D.L. + 1/2 L.L. of 2nd floor N, = (7.0 x 6.5)(0.6 + 32%) =52.4 ¢
Load from reoof + own weizght = 36.3 + 2.0 = 38.5 ¢t
Totel HE reamEsEan 55:;__;
50% of =ve ¥ of col. Strip seeees = U3 X 18,62 = 9,31 ot
21n extra Buls cecsesescinnssane ® 90.7% ggi = 4.54
Total My sessscsessane 1385 mt

Ground floor column 50 x 60 cas
a- Case of maximum normal force,
dax. D.L + L.L of first L£loor ssssss Hl = ?tﬂ 4 E‘-E X l-? = 77.0 £

dax. load from 2nd Zloor + own welight = 120.0 + 3.0 =12%.0 <
Total Ny seseesesess 200.0 %

Min oxtra Bule seccessssccavesssssass ¥y = 200.0 x %ﬁﬁ = 12,0 =t

b~ Case of marimum bending moment,

D.L + L/2 L.L of 1lst floor B, = (70 x 6.5)(0.6 + léi} = 52.4 t

Load froz 2nd floor + own weight = 90.7 + 3.0 ‘w95, 7 %

Total Hy sesessssnsss 1451 %
50% of =ve d of col. Strip ssse. = 0.50 x 1B8.62= 9.51 ot
Tin wxton BMe sevinssnsnassmens m 461 X %ﬂﬂ = 8.77 mt
Total Eeasnssssnans 1B,0E z=
The bending mozents of case a shall be assumed positive or nega-—

tive and constant all over the column of any of the floors.

The bending moments on the columns of the different floora of cace
b are shown in Fig. 5~25 a, b, and c. The total bending moment diagra:n
acting on any of the interior columns is gilven in d.

The internal forces in an exterior column can be treated in & sizni-
lar way, noticing that the maximum bending moments and normal forces,
normal to the outside face of the column under consideratiom, take
place at the same time. For an outside intermediate column, the <Iwo
cases (a and b) explained for interior columns have to be investigated;

but +his last case ia genmerally nct governing.

S pTs

Tt is however &dvisable to reinforce each. of the columas, 3teliir
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or exterior, symmetrically, sc thet unsyametrical lcading can be rpe-

Lok

b
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£S5 Ao F'ig.. 5-1-25 o it Eeleryn
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Elastic analysis of flat slabs as continucus framea

The design of rlat slabs according to the empirical method is al-
lowed only if the basic conditions specified in the code are satisfied;
in other cases, an elastie fraze analysis is #szgntial. The chief com-
Plication of such an analysia ias the determination of tha relative
3tiffness of the alab and the columns,

Slabz and columns are usually wvarlable section membars and the
solution is simplifisd ir wa azsume that the value of 1/EI for =zlaks
is taken as zero for ths width of the coluzm head. Likewise, for cole
umns 1/EL ia coneldered zero from the bottom of the column head to tha

top of the floor above.



" Ribbed and hollow=-block flat slabs

Recently, it has been possible to conatruct ribbed and hollow-blo:zk
flat =labs as that shown in Figz. 5-27. In such slabs, the existancesf a
solid part with or without drop panel at the column heads 1s essentizl.
The 8.0 x 8.0 ma panels of the floor shown in figure are ribbed, 28 cas
taick, distance between center linee of ribs is 50 cms and coverei by
an 8 cms compression alab,

It can be noted that the middle part of the column atrip is also
ribbed due to the fact that the negative moments there are low.

Basically, the design of such slebs is the same as that of solid
fiat slabe with proper consideration of the principles of ribbed and
bollow=block slabe explained in article 5-4.

5-& Flat Plates
Plat plates are reinforced conmcrete solid, ribbed or hollow slabs

supported directly on columns without the help of beams or girders. lu
this system, it is not necessary to arrange the columns in rows as 1a
flat slaba, but they may be irregular as shown in part b of the build-
ing given in Fig. 5=-28 which shows the general layout of a twenty sto—
rey building in Cairoc. The bullding is 45 x 45 ms and is composed of
two main parts. One part @ 23 x 21 ms is used for offices and the se-
cond part @ 45 x 24 ms is residemtial.

In the section of offices, the columns are arranged in rows at ll
= 7.2 ms in one directiomn and lE = 4,8 ma in the other dircetion, The
live load of the offices (not including the weight of the partitionsl
is 300 kg/n®. The position of the interior partitions of this sectios is
not fired, For convernience of design, it was declded to make this par+
as a flat slab supported directly omn columns without capitals. 4s fTasz
conditions for the application of the empirical method of flat elabs ars
not satisfied {Ilfla}-l.ﬁﬁl. it was caleulated as 8 continuous frame of
variable moment of ipertia.

In order to have a consistent design, the residential saction oI the
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building, Fig. 5-28 b, was also made as a flat plate with stiffening
beama around open spaces and supporting beams,which have to give the
required architectural effect, at the facades. Both the supporting col-
unns and the walls in this section of the building are irregular. Such
slabas are analimzed by "the yiald line theory of flat phtns"!. Their
thickness i3 generally 16 to 30 ems and reinforced by a mesh 6 to 7 @
13 to 156 mm/m in the lower surface, the splices lie on the lines con-
necting the colusms. The upper surface, except in the central part of
the panels, is reinforced by & similar mesh spliced mid-way between
coluzns; moreover, the top reinforcement must be ilncreased over the
columms, for a distance about 1/8 panels from u:ﬁ side, to resist the
high bending moments and shearing forces there.

In the shown building, the wind pressure is resisted by the floor
slabs as rigld dlaphregms transmitting the wind load to the reinforced
concrete stair-case and outside walls.

TYield-line analysis has been werified by tests; the calculested
load nermally underestimates the actual lcad results and the engineers
nay use the yleld-line :I-ejlthnd-l- with confldence; it zives a comserv-
ative estimate of strength in moment and the slaba designed by this
method will be entirely satisfactory at working loads.

Flat-plate floors have been found economical and otherwise advan-
tegeous for such uses as apartment and office buildings where the
gpans are moderate, and the loads relatively light. In this system ,
the construction depth for each floor is held to the absolute minimum,
with resultant savings in the overall height of the building,

= Refer for example tos

1- "Reinforced Concrete Fundamentals™ by Perguson. Published by: Joha
Wiley and Son.

2- "Design of Concrete Structures™ by Winter. Urquhart. O*Rourke, Nil-
son. Published byt M¥c Graw-H111 Company.
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CHAPTER 6

REINFORCED CONCRETE COLINS

ABD

ELEMENTS SUBJEOT TO ECCENFRIC PORCES

B«l General Comsiderations

Colums are the main supporting elements- of structures, and henca,
they must be carefully designed. They are mainly subjsct to normal
cogpressive forces with or without eccentricity, However, as has been
rreviously explained in 2+3y DO columna are likely to be purely arial-
iy loaded sven if design ecalculations show & compression member to be
free from any bending moments,- Iuperfactions of construction, such as
slight beanm eccentricities and deviation from straightness or vertic-
ality, will cause unintentional bending moments. For this Treason, it
is recommended to design compression members for an adequate minimum
eccantricity e equal to 1/10 of depth (or breadth) of cross section of
member. Therefore, a column is an element that is generally subject teo
eccentric compressian,

If the normal stresses in the section of a column are all compress
ive or if the 'I;;nniln stresses are amaller than the tensile strength |
of the concrete, "cases of small. accentricity”, one can assums that
the full concrete section is acting (refer to 2.7 a).

In cases of"big eccentricity=, glving high tensile stresses, such
that the comcrete in tension is nmﬂd, then the concrete in compres-
zion only shall be Assumed as acting and the concrete in tension is
neglected (refer to 2.7 b). '

In case of elements subject to eccentric tension, if the normal
force lies insids the section, then the comgressive atmsﬁaa are either
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zero or small and may be neglected, this case is called "eccentric
tension with gmall eccentricity". If the normal teasile force is out-
side the section, then we have a case of "eccentriec temsion with big
eccantricity”.

In the following, the dimensioning of sections subject to eccent-
ric forces with small and big eccentricity, both by the ¥W.S.D. and
the T.5.D.-methods will be given.

In cases of eccentric compression, the allowable compressive stre-
sses in concrete have to be increased gradually from 0., of axial coc-
rreszion to g, of siowle bending according te e/t or e /d, where e, o

]

t and d bave the szme definitions =¢ given before, in the “ollowing
Saonar. Tidle 5=l
Table 6~1. Allowable comp. stresses in sections subject to eccentric

forces

ill. streases O, in xgmz for concrete
Cle0 | C180 | C200 | C225 | C250 | C275 | C300

Case of ecc. loading

ixial comp 2.0 | 95 so | 55 60 65 70 | 75

small ecc. |[0C§(-33| 50 | 55 | 60 | 65 | 70 | 75 | &0
[ -]

Med, ecc. pBC f{l-ﬁ 55 60 | 65 70 75 go | 85

€5
Big ecc. ﬂ—} 1.5 &0 s5 | 70 75 8O gs | so

1) Eccentric compression with small eccentricity
In this case, the whole concrete atut':l.nn is assumed aa statically

acting and the normal stresses can be computed by the squatioma of
Sawvier, 2-99. Fig. 2-39.
Apoplication to rectangular sections

A rectangular: secticn can be computed according to equations 2-99
if the pormal forece H lies inside the middle two—thirda of the section
in which case: e=t/3. Such sectiocns are generally designed with sym=




- b
metrical reinforcement and with the maxizum Stress J, in the section
equal to the allowable value. Table &6-1.

The following methods will be confined to the case of syumetrical

reinforcementg only EL_! = 4_").rig. 6=-1, Sheet 15,

?il'tl.l.ﬂl mﬂ. ------lliiipil-i-iil--ii-i-it-iill -Av = h t += E n A.B

‘fit"tﬂlﬂ_'l. oomant of inﬂ'ﬂiﬂ. L L B — I.', = % + 2 n AH lz
Assuming A.s:{ubt a = 0,447 % il.e. aE=D.EtE E n =15
Then Lh=btL+30M) & I, =bt E%E +6M)
therefore
N Nex 0,5 ¢

G‘.:: E —

S bt (1L+ 300 I_
- ( H e Gsrs @

= i N e

G'G'htﬁ+3m*bt{l+$+laﬁl'1:'""5_1

Case 1 Determinstion of steal reinforcement for Blven dimensions and

concrete guality. i.a.
Given b, ¢, J.» ¥ and e, anuireudxu_ and the corresponding 4, such

that .I.ﬂ = ABI'

L g
Asgumea g m_k and ttg than
k k
1 + 30
£oge12p
In gheet 15, the values nrfﬂm Elven as factors of k = ?-‘ﬂ—h—t- and
b a8 )
tl‘
Example

e/t = 15/60 = 0.25 { 0.33 a case of small eccentricity,
According to table 6-1, the allow. concrete comp. stress = 70 kg/ca2.
- 100 000 |

Theraf k = N -
s 0. P %" 70 x30 x5 = 079
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SHEET 1 E
Case 1: ECCENTRIC FORCES WITH SMALL ECCESTRICITY (%.S.D-METHOD)
Dimensioning of Symmetrically Reinforced Rectangular Sections

k=ﬁ% .I.s-.l.:':‘).t'ht n=15 a = 0.447 ¢
$.p 1 Fni.uﬁl u.ml ! 0.15 il ’T‘ — A O
RN ! . N
e o e it?l"*é +
el S I I R -t ol ol v mar e ne
L7 PO = ——— 1.7 f 5 _E | g
NN NN ] | pai : "F—"'f'l Ao le s s =l Ac |
e | gLy H I
1.6 S‘x . . - L6 : L :
R 0.20 AT
1'5‘- * ] T L | T 1_5
1.4 - = . 5 1.4
L3 e R 1,3
1.2 R
L1 x“‘m - 1.1
T | 1
1.0 ~ T T 10
f | i
ﬂ.g h‘!’.-.:" ; e Dq.g
. P
uf"& 1 : 08
| I I e ] ""'---..._.
o7 T T Wy e iy O s o e e A
0.6 1' . : ; . 0.5
i ! i
05 =1t 30.5
I B | I - |
0.5 i W : : i 1 i _ Dats
0 e RN i W ERE ‘ 0.3
-3 i N ! I L L
0.2 | o | | — 4 | | : 0.2
S Ery 5 : ] 1 Py ! s 0.1
o L — J i | ] i I
0.0 L | : S | i =0 : -.——':-'-::-'i‘ri
(4] 0.05 0.10 015 0.20 0.25 0.30 0.33



For { = o/t = 0.25 and k= 0,795 sneet 15 sives A= 1.75%
0 that A, = 4," = 30 x 60 x 1.75 / 100 = 31.50 ex® on each side,

Case 2 Determination of dimensionas for a given ratio of stesl and
coocrete quality. i.s.

Ziven: b, ratio of stesl rﬂ-j.u.fnrcaﬂant(u such that A, = .i.ﬂ', |

end e. Required t.

The breadth b is to be assumed, The depth t is to be determined in

the following manner:

sgquation l-6 gives:

" 1 B e 1
a.ﬂ_ﬁ'l*i}u +b:§.E‘I*u{H

Azgsuming E_:EE i - m:ﬂﬁ and é—Tl-lmls,, then
t-?+V'§#+xu5 Frssssnannnn D=3

The valuas of 4y and & are Eiven in table 6-2 and the curves shown in
shaet 15,

Exazple
If, in the previcus exacple, the maximum ratio of steel in the
cross section must not exceed 2.0% (1.8, M= 1.0%), determine the re—
guired depth t.
¥ - N 100 000 _ .o ¢

——

0. b 70=x 30

Hence, for M=210%  , w=0.769 ana § = 3.485 so that

=,

ol
v- 22620789,/ 5 006f , o o -

depth uhua&n_: 75 oma
and Ag = 4," = 30 T 72.8 x 1.0 / 100 = 21.7 ca? 6@ 22

2) Eccentric tension with amall gccentricity
—*—_ﬁ_ — ——e
Due to a normal tensile Torce N acting between the relnforcements,
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SHEET
ECCENTRIC FORCES WITH SMALL ECCENTRICITY (W.5.D. — METEOD)

16

Dizmensioning of Symmetrically Reinforced Rectangular Sections

1.0

.9

0.8

0.7

0.5

Table 6-2: Values of .y and & for different M percentages

A% 0.4 0.6 0.8 1.0 1.2 1.5 1.6
ny 0.893 | 0.837 | 0,806 | 0.769 | 0.735 | 0.704 | 0.676
5 4.658 | 4.189 | 3.807 | 3.485| 3.215 | 2.988 | 2.788
A% 1.8 2.0 | 2.2 | 24 2.6 2.8 3.0
.Ii’r D.Eﬂ-"} EI.EEE U-EI}E 'D-E"BL DiEE U'.,';'.-H 0-525
5 2.613 | 2,459 | 2.322 | 2.199 | 2.089 | 1.989 | 1.937
1.-15'=Pht a= 1% a= 0,847 ¢t
A5
22 ot B o8B 1,0 1.2 1.5 1.6 1.8 2.0 2,2 2.8 2.6 2.0
S l L?/.t"gf}- .
\\. 5 ! _.-l""'l
N i
- i | :
+ ‘\\ : AN
i : i
! y 'l
: 1 i
1 i - i
| I ; '; 4.0
| i =3
A : |
f! L ; 5.0
7 - | i
f! [ : "\\‘h T 1
F i T T
| I : i : Eb‘ | \\ : E’D
; I g Tnyd - : »
sl E'_:—E.—ﬂ. + }{_HF"L\,; H-.E£| “"""f.,__\qﬁ\
[ I v 1 ' { i 4 =
' I i i | o ; { i E_:-u‘ra“
0 2 &% .6 .8 1.0 1.2 1.5 1.6 1.8 2,0 2,2 2.4 2.6 2,8 3.0
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Taking soments about the upner reinforcements:
TdaN (e + d/2) Tai o then
A, = 5; (1/2 + e/d) 64
Taking moments about the lower reinforcements:

65
d Fig. 6-2
3) Eccentric compression with big sccentricity
a) Rectangular sections with tension reinforcements only (a.' = 0).

Pig. 6=3
Given: M, N, b, g, and 0. Required 4 and A

Assuning zafd then =3
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Palting acomants about the temslom ateal,; wa get:

:E=Hnl-ﬁrﬂ-an!?‘{d—#3} in which
e, =8+ t/2 =4, and o = M/N so that
4 a ;
d = l} h_ﬂ - (H ﬂ} in which _kl = l/ 2 J o
o - _ ¢! —Ei 2
d 2 T ERERE RN ] E'-E b u mh -

Taking moments about the center of cnnpru;i&n. wa gat:

; 2z
T3¢t=ﬂ{-a-1ut}-la-ﬂr=t, but T = 4 T lnﬂ.j'nt'ﬂ—g
g0 that " ' o

s s " 3= 2/3 a il =-5/73) g
| B

= == ssssesss (6=7 &) in which Xk, = O, (1 = §/3)

85
.I.H:-—-kad ":"a

The area of steel can also be determined as follows:
If the sectlon were subject to a bending moment equal to HE cnly, then
the area of tension steel Lgn that would have been required is:
i 5
j‘ﬂ.n. .)‘.[n b d= EQ'-"E
Therefore, the area of tension steel required for an eccentric comp-
regslon N can be given in the form:

H
'l-ﬂ I.}In b 4= —&: AR R R R ERE B LR R B L B RS {E-? h}

‘:1&1:2 nnd.c&r,uu have the same values given in case of simple bend-—
j_n,;. Por k, and k, refer to table 4=5 and sheet 1ll; for ¢ nnd.fuu refer
to sheet 12.

It has to be noted that M, = N eo_ ¥ =¥ e, hence the depth re-—
quired for a section subject to a bending moment M and a normal comp-
ressive force N is bigger than that reguired for a section subject To
a bending moment only, the increase depends on the ratio of N with

respect to ¥. The assumed depth can however, after one trial;be cor—



=32

‘racted.
The area of tension steel is smaller than that which would hawve
been required if the section were subject to i only.
Example
Given M = 15 mt, H = 10 ¢ (compression), b = 30 cms, Concrete C200
2

and normal mild steel with min, IF = 23500 kg /em®. Required 4 and L!.

According to table 3.2, U, = 70 kg/ca’ and O, = 1400 kg/ca®.
ezl incat/ N in ¢t = 1500 / 10 = 150 cas

Assume that we have a case of big eccentricity; if the section wars
aub;jnﬂtnnhdin;hmti:lﬁﬂnﬂtgnmlhthm

[..-"H
ﬂ.u-n -!g“h' in which

Table 44 gives, for ﬂ'lfﬂ'c = 1400/70 = 20, ¢ = 2,33, S0 that

I,l‘ 000
d, = 2.33 %mlﬁa-m cma

Thu-hpthd:l..nam:hatbiggarth:ndutlamnﬂ-?ummtu'ﬂ
. cus, Hence, u!-n+ﬂ2-ﬂ.=l§ﬂ+?§f2-5-1&}.5m, and
H:Hialmﬂﬂﬂ'tl-ﬂﬁ_ﬁ-lﬂﬁﬁﬂ kg m 50 +that

?ﬂtclr‘%ﬂiﬁ—g-i Eiving o= 2,57

ar:.uard.tng.tn table 4-4, we get for & = 2.37, the values:
r =ﬂ.ndfﬂ_¢ = 21.25 and A= 0.992% hence

.= 1400/21,25 = 66 kg/ca®  and  the area of tension steel is
4g= 30 x 70 x 0,992 / 100 = 10 / 1.4 = 13,70 cu® chosen 5 § 19
As e /d = 183.5 / 70 = 2.62 » 1,5, then the solution as a case of &
section with big eccentricity ia Justified,

It is clear that the solution is ni.u.i.iar to that of simple bend-
ing using M_ instead of M and the area of tension steel A, is reduced
by the amount B/ ,.
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b) R aections with double ore « FPig. 6=3
1l- Use of curves
It is easy to prove that in case of rectangular sections subject
to sccentric forces with big eccentricivy, the equations 6=6 and &7
are valid® so that the depth d and the reinforcements 4 & 4." can be
determined from the relations:

x
d=c —i. £ =g, ba=-Bc a0d &' =ClU b d erreens (6=8)

where ¢ and U, bawve the mame wvalues given in case of simple bending.
(Sheet 12).

Example
I# in the previous example, the maximum depth t ie limited to &7

cms only, determine 4, and A"

d =%t = cover = 67 = 3 = B4 cms & 8 = M/ = 1500/10 = 150 cms
5.15u+;5-3-1?gm . M_ = 10 000 x 1.79 = 17900 ke=
Az the section ies of limited depth, it mast be decigned fo the maxi-

mum allowed 0 = 70 kg/cn® and O, = 1400 kg/cm- . Hence,

vl = -—M— = ™
d = B4 Glf?ﬂxﬂnﬁﬂ Eilving e 2s1ll

For r =0, /0, = 1A00/70 = 2C and ¢ = 2.13, sheet 12 gives:
X = .22 and t,l.l.‘:|I = l.235% so that

L = 30 T 64 x 1.25 / 100 = 10/1.8 = 24.0 - 7.1'= 16.9 am®

8
chosen 6 @ 19
La't 22 x 268.0 = 5.2B :-.ma chosen 3 @ 16

iiﬂl L

2~ Direct method

Having determined z = §{ d=n d / r + o, the reinforcements cen
be directly determined by taking moments of arxternal and internal
forces about the compressiocn and tension reinforcements, thus
+ Refer to "Design of Reinforced Concrete HRectangular Sections"™ by K.
Hilal. Published in 1944 by the Renmmissance Bookshop. Cairo.
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Mot iUt {d -an -0, 2 (273 < av) or
b ( z2/3 - d‘ J
s * *E'
1.“ = 'IIE 'l:li o } L LR O e fEr-E']'
and
ﬂa. ::Hu :l.s'ﬂ's'{'ﬂ'd'.]+ﬂ'c§2{d-'5f3} ar
, M, =0, bz (d = 2/3)
j..a = D’al E:di- ﬂ.i} LR BB O - {E-—lﬂ}
where
ﬂ' ' = nﬁ ;'—: LR R R R L - {5"‘11)

Jdinjmum steesl

-0 sections of limited depth subjeect to eccentric compression with
medium eccentricity ( 0.8 { o./a ¢ 1.5 ) the minimum area of stesl
{1 + 1 ') does not always correspond to maximum O, but to a smaller

stress. This can be explained ag follows: Fig., 6-4,

:

4

In cases of medium eccentricity,
the normal coapression force N |

is relatively high and G; is ge- [* 'A;'
nerally low, Pig, 6-4 a, If the
section is designed for tha max, .
allowed values of ::Fc and r:rﬂ. Pig. ||

-

- "'dl' sl ..
6-4 b, the helght of the comp - +’-—I-—— e G
! ] i
ression zone is assumed gmallep
than what it should be {z@ { slj. Fig. 64

7he result is that cnoe Bay need for the compreasiocn reinforcemant At
an amcunt bigger than that required for the tension gteal L i in some
other cases, one may get high values for 4.' and negative valuss fopr
4_+ Both cases give a weak design because AB must be bigger than A *
or egual to it,

The design for minimum (4, + A_") gives ganerally a convenient
design,

The streas O, giving minigom {lﬂ + EE‘J ¢an be determined from
the following relation:
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'
d A ﬂ.L5

g = O
do, &0

The compressive stress O, should be assumed equal to the maxrimum
Llowable walue, otherwise, no cempression reinforcements would have

pen required.
As g iz a finotion of z, the condition for minimum reinforcements

an also be givan in the form:
d 4 d 4’
= B
iz + = = 0
Substituting O, in equation &-9 by the value n O, (d = z)/fz, we

got: M ' 3+ 0, hb 32 (2/3 - ar)
‘a'_ncr=(a-;1r}{a-:) 63 3

Substituting 0, in equation 6~10 by the value n O, (z - d')/z,

ma get: 2
A M,z =0, b 3% (4= 2/3) o
e " Tno, @-a9 (z-an .

Differentliating these two relations with respect to z and equat-
ing to zero, we get:
! . d M_a' 3
- 2 —E+J¢b[-§-+§{ﬂ+d'}-dd's]:
(d - IJ (z = 4a)
TR ﬁ] =0 6-12
[{ﬁ -2 (z-a")?

Assuming I:-gd., 0,/0, =y O /o =V, then ¢ = L/(1+V)

and 4'/d = f§ = 0.08, eg/d =l then
: = (d = ar)
ll!'l-l.n"fa.-ll'[:ﬁ 5, ]-Ia{l-lgﬁj
= H L—-—E
Enhntitr'l:tlns these values in equation 6«12, we sﬂ:
¥ u_g 0,08 ] -
q o |: *? (0.92 = 0,08 V)2
[_a_h.va-ly-'ﬂ-n.iﬂ > - ¥ ]
5 (1 +V)3 Ve  (0.92 - 0.08 V)2



3 than

0.08 -
(0.92 = D.,08)2

5 ey
V2 (0.92 - 0.08v)2
This equa.ticm shows that U and respectively d/n O, =v

= M_/0, b a° and = e,/d.

tiun of 1...-"1:
Therefore, for esch value of =

7,/9,

Jolning the points having the same value of £ m e;/d together,

2 ['L'.".E#"JE - 1.149 - 0,38

anod

| =

B=13

3 (1 +v)3

iz a func-

and § = e /d , the value of r =

corresponding to the minimum reinforcementa can be datermined,

wa

get the dotted serles of curves shown in sheet 12.

The relation between 7, and
A, + A_! is shown in Fig. 6-5. It
is clear from the figure that al-
though the minimus value of A_+4}
corresponds to a certain walue of
EFS. yet it does not change much
for any other close valuas of O s

A As *Ae

5

ds
Fig. &-5

The main change is in the distribution of A  + Ag' between the tension
and compression aides of the section, that one may caleculats R
for any reasonable wvalue of Og 2nd distribute this total amount im a

convenlent manner, e.g. A," = 4 or A" a ) A, @8 can be seen from

the following exampls.
Example

Given t=65 cma, d=51 cma, b=
30 cms, F=24 t, and M=12 mt,

The materials used arag C200 &
oormal mild steel with .f?:E:E'DD kg.a"mg
Regquired: 4. and 4% 20 that :

Ao+il is minioum, Fig, 6-6.

VT‘
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g = M/F = 1200/2% = 50 cms ’ 13-5D+E;512-4-?E.5ﬂm
i.e. e /4 = 78.5/61 = 1.285 and M, = 28 000 x .785 = 18840 kg m

iuthntﬁl-nl}%_ glving e = 2,08 lﬂﬂﬁhi.{d:

1.285
sheet 12 giveat r = 0 /0, = 16.5 1.e. Oy = 70 x 16,5 = 1155 xg/ea”

further X = 0,18 and Fntl.?ﬂl g0 that

s, » 12 x 30 2 65 = 23ux @ 33.1 = 20,9 = 122 @’
A =0,18x33.1 = 6.0 " @&kaA

e

A+ A7 = 18,2 "™
Assuming @, = JACO kg/ex® and O, = 70 kg/ca® 1.6, = 20
For ¢ = 2.74 and r = 20, sheet 12 gives (X = 0.37 and M = L.3865%

g0 that
l. 25
Lsi—ﬁijﬂ:ﬁﬁ—m # 27.,0 = 17,1 = 9.9 ﬂ:a

.l.n' = 0,37 x 27.0 = 10:0 " a=4i

Mmoo

Ay * A" = 19.9 b

-

This example shows that the minimum amount of &, + A 7 equals 18.7
ems? and eorresponds to O, = L155 kg/en’. For a stress O, = 1800 kg/et®
she total amount of A_ + A,' equals 19.9 cu® wiich ie only & 5% more
than the minimum value; but in the first solution 4,' was @ J &, and
mth-aumdnﬂuﬂmli'mwm-quﬂﬂl.. The choice -
depends on the convenience of the design.

4 Eccentric tenalomn bd
Pmmhtﬁ-m:muhm-ﬂmmhﬂumnm, we
;ﬂfﬂnmm-uﬂm,mruum“hﬂm:m.i—?.

t
a = U/N o -.:i-i-rnw{t g l:"": M

L' |
s _ H .
d= e e a, » “u-i‘dﬁhl*'ﬁ; and .l.*iﬁtuﬁ‘ﬁi B=1

It has to be noted that in sections subject te eccantric tenmsion
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es E
Fig. 6-7 _l..av S b ¥

og (& ¥ (M, d{d an 43 85, inwhich d, and A__ are
the depth and area of steel which would have been required if the gec-
tion were subject to M only.
Lrxample

Given M =15 mt, N = 10 ¢ (tension), b = 30 cas, T, = 70 kg/ca®
end d, = 1400 l'..g;,.r‘c.u:E. Required ¢t and .l.ﬂ. {Assume La‘ = 0),

@ =Min ¢ en/N in ¢t 3 1500/10 = 150 cns  mesumed big eccentricity.

[,.-‘ 15000 _
G_EJ} m:lﬁz.#:ma. Asgume d = 57 cas (daﬂ.udt-ﬁﬂ-:m

,ﬂ -
aﬂ=a-t..-"2+¢nﬂr=15{}-Eﬂ.-"2+}-125r:m.s<a. a0 that
¥g =N ey = 10 000 x 1.25 = 12500 kg { U and
57 = g | fmm22dQ0__ giving c= 2,38 80 that shest 12 gives;
70 x 0,30
o
for X= 0, r==22a220 o D’a=%‘!=?ukgm3 &4, = 1.07%
=]
oA o As07 10 _ " 2
i-ﬂ; -15.E nﬁjnbd"'ﬂ_ﬂ 50 IEEIE? -I-l‘q'-lE-} "'?Il Eﬁ.ﬂr 11 NS
Assume that AT, T = 55 CES {d. a 51.5 mﬂ-}. then

gs.lﬁn_?+5.5=msm and ¥ =10 000 x 1.26 = 12600 ke m

51.5 = ¢ [fﬁ—?% giving ¢ = 2.10 =0 that sheet 12 sives:

g
5 1500 i
for ':'T = *-'ET = 20 and e = 2,1, £ = 0.25 aad r,llﬂ = l.25a

e
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- 53 = %E%i X 30 x 51l.5 + %%I = 19.3 + 7.l = 26.40 :ma

A'=0M bd=0.25x19.3= 4,80 "
total = 31.20 i
The minimum area of steel A, + LE‘ for sections of limited depth
subject to eccentric teslion corrssponds generally to the maxrimum all-=

owablea values of ﬂﬂ and ll'_‘F".

&3 Dimensioninz by the U.3.D.-method™
Safety provisions

It was pointed out in Art. 3.2b that in ultinate strength desizm
adequate safety mergins are established by applying overload factors
to the design loads and strength-reduction factors to the theoretical

witimate strengths computed for members assumed to be perfect in wori-
manship and made of materials having exactly the specified strencgth.
It bhas also been shown that the strength-reduction factors are differ-
ent for different streased membara.

For eccentrically coapressed members, the reduction factorss$: wers
given by the following:

For tied members: 51 = 0,70 and for spirally reinforced members:2 = ,7:,
The difference between the two values reflects the added safety fur -
nished by the greater toughness of apirally reinforced members.

There are various reasons why these coefficients are considerably
lower than tnoseof bending wherefl = 0,90. For one, the strength of
under-reinforced members subject to bending is not much affected by
variations in concrete strength, since it depends primarily om the
yield strength of the steel, while the strength of axially loaded mec-—
bers depends strongly on the concrete compression strength. Because
the compression strength of concrete under pite conditlons is less
closely controlled than the yield strength of mill-produced stesl, a

® 'Design of Concrete Structures' by Winter. Urgquhart, O'Rourke, Nilson
Fublished by McGraw-Hill Book Company.



T4p down the long, narpow Torm, is mors aubjeét L0 segrepation than in

huriznutallr cast beanms, Finally, tha Consequences of g ¢oluan fallure,
547 in a lowar 8torey, would pe Rore catastrophic than that of a single
boam in g £1gop Bystem of the same building,

The capacity-reduction factors for COZpressed meabers zay be inc-
reased linearly frog 0.7 in axially loaded Dembers and membeps with
83al]l accentricity to 0.8 in membars wiyh medium eccentricity and 0,9
in members with big eccentricity and simple bending,

Loteraction dis
———=—=-20n dlagran

The study of the failure of Dembers subject tog eccentric forces in
stneral has shown tha considerable coxplerity of behaviop and of corres-
Ponding strength caleulations, The situation is mape easily visualized
if the results af the corresponding caleulationg are graphically 11lys—
trated in the 8o-called "intermctiap ddsgraz’ proposed by ¥oitney,

For a given cross section and re-
1nrnncement, an interaction ddagran H?
has the gansrg) Bhape shown in Pig, g. I
© plotted in terms of ultimate axial
loads ag ordinates and ultimate 0o, =
Dents as abcissag, Any point on the Mo — .2
CUrve, such aa polnt &, represents jg;?f ;
8 Palr of walues Hau and Hau which, I

theory, will just fail the meaber, Fig, 6-8

For concentrdie compression {Hﬁ = 0), the cupvs starts at 4 with
the strengty § ou °f & centrically loaded member. the portiog 4d b bew
longs to that Trange of smal]l eccantricities in which fallure is inj-
tiated by crushing of the Conorets. Point b Tepresents the balanced

conditions i.8:, undar the Simultansscus action of the load Sy and the
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corresponding moment il..m. the concrete will reach its limiting straip
(say 0.003) simultaneously with the tension steel reaching its yield
streas r:,. The portion b ¢ represents the range in which failure is
initiated by yielding of the tension steel. rmu;r the end point o
refers to the momant capacity 4., in simple hund.‘l.n.g i.e. when H = C,
Any inclined line through the origin O has a slope whose reciprocal
represents the centroldal eccentriclity corresponding to the particula-
combination of ultimate values Hu and Ilu as shown in Fig. &-8; that

is e =Y /N .

In order to simplify the design of eccentrically loaded members,
thu curves shown in sheets 17,18&19 are drawn. They are somewhat ap-—
proximate in that they bave been calculated on the assumption that tue
compression reinforcement has yielded when ultimate strength is reac:-
ed; an assumption which is satisfied in most cases. In the given gra-
phs however, instead of plote of llu versus Ku* convenient nondicen -
sional parameters bave been selected (Ny/abtf,, versus N e/nbt°f )
which,taken in conjunction with the radiasl lines for various e/t ra-
tios and the interaction curves drawn for various values u:l':lﬂt m, for
dimensioning or analysis of sections, where

A+ A" 4
I"'[""-'*L IR E R Y E o """"'-L sszsmmen B=15
2 Rt S "o 1, o
Examples
A column 30 x 65 cma utnhmmaﬂrnrﬂsuﬂt, Hp-lﬁt,

!5-4tundipnﬂ:lt. Assume a minimum guaranteed cube strength of
concrete = 150 kg.r"mz, glving rcp = 135 r.gfe.lzl and normal mild steel

mith £ = 2300 kg/ca’,

L =5, +1,8H =1.5x4+1.8x8 = 6+ 18.4 2204 nt

2 = %ﬂ = Eﬂ.#f‘l-ﬂnﬁ = ﬂls na 3 ii'rt 3 ﬂ._ﬁ'ﬂfﬂ-ﬁ'j = D-??

e, = @ + t/2 = cover = 50 + 65/2 =~ & = 7B.5 cas, as,-"d = 7H.5/61 =

1.29 winich means that we have a case =f medium eccentricity & 2= Q,°C
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S5HEEY® 17
LTERACTION DIAGRAM FOR DESIGR OP STLISTRICALLY ASINFORSST RECTANGULAS
SECTIONS SUBJECT TO BCCOENTRIC FORCES, (U.5.D-WiTEOD). For A/t = 5.95
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LITZRATIION DIAGRAN FOR JESIGH OF STMEEZMAICALLY RETTFORDID oIROUL
SECTIONS SUBJECT TO ECCENTRIC FORCES, (U.5.D=MZTHOD). Por &0 = 0
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35 h-
Wt = 6l/65 = O.94 80 that Bhewt 17 can be used,

5, | _
E= - f“ = e g = = = 0.,1% , E -% =, 1943,77= C.lyg

4
Sheet 17 gives Ay 2 = 0.2 where Ila—agﬁ—--ﬁ%uaﬂ
e

Therefore & z 20 = 0,20 i.0. l'ut- 0,01 and
aF equation 6=-15gives: A, + A2-= total 4 =l B then

4y + A} = 0.01 x 30 x 65 = 19.5 ca® and Ag = A = 19,5/2 = 9,75 ca,
It is however possible to reinforos the sectien such that Al = R
Hence J.‘;%:HTE: 13,0 em®
and A w2x19.5% 6,5 i
tﬂhlilﬁ'-ﬁ“a
Por this new distribution of reinforcements, the wltimate load
tntmhmmwmmﬂm.whwwmnmﬁﬂm
at Fig. 2-45. Hance
lum;ﬁtﬂ%m;hiﬂﬂ;#ﬂhrﬂﬂﬂ;:#hﬂhm“
mmm-tul.thm'a‘-ﬂ;-:rnmwuﬁ,m
T -l'!?nH.O:Ed-EB.H t
G-qu,,l E-E:E-j-“-ﬁ t

The resultant of the ioternal foress (Cy + €, = T) should be equal to

N /. Heoce
E/fsC +C =7 whare il = 0.8 and
F
ﬁ = 14,95 + 384 7 29,9 = 5.8 7 ~ 15,95 or
¥, + 11.96
i 37

Ehlugnitud-ut:(udﬂnpnﬂﬂhﬂmhhtmuhrhﬂﬂs
scments about the point of application of H . Hence
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T x 78.5 = Cg T 21,5 + Ec (y/2 » 17.5) or
29.9 x 78.5 = 12.95 1 21.5 + 384 ¥ (3/2 + 17.5) ar
¥ = 21.0 can i.0. 2 2 7/0.85 = 21.0/0.85 a 25,75 cua

glving N, = 21.0 x 2.752 = 11,96 = 57.79 = 11.9 = 45.83 } 0.8 t

The givan calculations can only be correct if ths Btrains in the
compression and tension Etlil.E; and £  are bigger than its yield

strain Ege Fig. 6=9, Th'r' . |
| T
E = f-I = EEM = _1..- 1‘D & "L.-'ﬂ_'_ | ! —ﬂ'— S
¥ E; 2100 000 1000 Rl v | e B
- 2 - 4¢ &5 ‘#I_.-_E_"'T——J;—-
E; o EE p or l Tgs
= 'm} {E‘#'Eﬁ - ﬂ.} = EiE 25 il'#
24,75 1000 : _?2' '-[ﬁ}. _L -
o s =
5 e =
= 2003 [6] = 28,72) . 4.40 Fig. 6=9
28.75 1000

£l and E, are both bigger thnn:ET. Therefore , both compression gnd
tension reinforcements are in a Flaeld state at failurs.

Jimensioning of rect. Sec’. with tension reinforcements only subject

2 accantric forcasn

It is however posaible to design rectangular ssctions wlth tension
reinforcements only subject to eccentrie forces with big eccentricit-
i1ea by using the following squations:

/i u_¥* b
gu a1 #* i
d = L+ —. and -l.E = - —— R A SR e eSS E—'\-l?
S
rGF b f! ? d IT

~¥e sign for eccentric compression and +ve slgn for eccentric tencsion.

Yalusa of ¢ and ? are given in table &4=5 and aheet 14, Tha application
of these equations are shown in the following 11lustrstive examplen,

iilustrative examples

1) Given b = 30 ons, ¥, = 50 mt, E, = 25 t {compression), ¢
2
Ez/em” and fF = 2300 kgf:ne. Required + apd as.

cp = 165
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e = Wu = 50/25 = 2.00 ms assume & case of big eccentricity.
If the section were subjected %o a bending moment il1Il only, then
a convenient depth wuold be:

g xrl
165 x 30

than aﬁ-EM+95fE-5-E#E.5m&l.u- 25 x 2.425 = &0.6 ot

d, = 2.65 = 84,4 cm assume de= 9% em & +t = 95 cm

5
60.6 0 = ot
i.a. S0 = & 165 x 30 or e m 2,57 = 2.65

Tharefore, the chosen depth is asceptable. Table 4—8 gives: | = 0.8
55 f 1
60,6 x 1 25 2
‘l (i -—l— - E'B — 12-1 | =4 24. '3
8~ 582230090 0.9zx2.3 ¢ o

2) If the maximum depth t equals 70 cms (d = 65 cms) and assuming d'=
4 ema. m-ninnj.-ud.t;-

e, = 2004 70/2 =5 =230 cas and My, =25 x 2.30 = 57,50 mt

65 = ¢ V@ Eiving c = 1.91 { 2. Hence,
o

compression reioniorosmant is reguired,
M,y 0.25 £, b & = 0,25 x 165 x 30 x 65° = 52,5 x 10° = 52.5 mt

By = Mpyy/e, = 52,5/2,3 = 22,8 ¢, Hp = K, = By =25 =228 =
l.. L]

R
Bul ul agd X lnE &0 2
Ys1%071z,d Af " T 500 TEE C a2y w3850 o

- is resisted by additicnal vension steel A _, and comp. steel 4.

T ] | -'¥a
.Iﬂ -l' -.ﬂ.l. f:r (d ar) hanoe ..l.' —‘_r-_—”f - i.®

. 2.2 x 230 S
wl‘bﬂllihﬂmbﬂ'l l'r-u-gta-i (Eﬁ*ﬂ-.}t.‘“

Taking momsnt of K . about line of action of comp. steel, we get:

L ] - b | - - L 1 2% - El
Hﬂ LM =nd, I:'" {d = 4') where lé L. (d =d') = 230 169 n:

= The capacity-reduction factor (i is already included in this part of

the eguatian.
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E. e
2 % 2.2 x 169 2
Therefore: 1‘3.1‘11& d-d'}.ﬂ- T 2.3 = l-.!;ﬂ'? om
Total tension steel A, = 38,5 + 3,07 = 41.57 ca?
Emd@ﬁhiqm-ull.ﬂz-dﬂuﬁmmhnm.

3) Assume that lu = 25 ¢, glven in exazple.l, is tensiom. Detarming
t and A, . Use high grade steel with f, = 3600 kg/ca®,

dy = B4.4 cus.  iseume d = 75 cas & t = 80 cms, then
€ =200~ 22 4 52165 cmus  mnat Mgy = 25 1 1.65 = 41,25 mt 4.0,

T V%g:ﬁlgf ar ¢ = 2,61 = 2,65 therefore

the chosen depth is convenient and table 48 Elves: 7= 0.81,

than l!-ﬂ.51:m=?5+u-913‘5-159+'?‘? IEEEI‘.IE

4];Lthth|1uttn.-p1-nrlnmtrutmim.th-linmhptht
is aqmmsnm(dnss ems), dssuzse 4' w 4 cma, Determine 4, & A}

% =200 =22 452175 cus  ana gy = 25 x 1.75 = 43.75 ut 1.,

55-;IK-EZLL_£EI;E ar r.-i.,ﬂﬁ{ﬂ comp., rfts ars required.

uﬂﬂ-n.zﬁr“h#-0.25:15513&1593.735.4:191:;“

Hﬂ = 36.8/1.75 = 20.8 ¢ therafore lﬂ =25 - 20.B = R.2 ¢

«% x 3 20.8
‘ﬂ'ﬂ.lxiﬁmziﬁ*ﬂ.‘ath -25.94-5.4-32.5:-‘?
=
c lon gtesl 4t (] 8.2 x 1
ompress eel A2 13 given by: ‘l'u.axz.jr,ﬁﬁ-n -?mz

Additional tensiop steal ""IE is given by:

Ea depth being snall -g = 1,.86- deflsction must be checked .-
% Normal mi3g,
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=& Col in ban

The methods discussed permit rectangular columns to be designed
or anpalyzed if bending is presant about anly one of the two princi- |
Pal axes of the section. This gives the general case in the majority
of structures. There are other situations, in which axial compression
is accampanied by simultaneous bending about both principal axes of
the section. Such is the case, for instance, in corner columns of
building framas. Pig. 6-10.

Pig. 6=10

] : -
Dimensl of goctlions b U.S.D.=mathod

Fig. 6=11 shows the cross- ey=MyN,
gection of one of ths cornar .-"\-"+
columnse of the frames shown in ¥y

iHy b 4 <

Fig. 6-10 umnder the simultana— %

ous action of a concemtric load JJL
=L

moments M and l,- The result-
ing action is the same as when -
the load N is applied with ec- Fig. 6=11
cantricitiesn:

¥ and biaxial bending by the 1? & X=X J S
|




lent stress block of depth ¥ = 0.85 z,
= G.Gﬂ'ﬁl Y] 'tGl-}-

It is possible to design such a bilaxially eccentric columm an
the basia of the ganeral assumptions of ultimate-strangth theary
that have been utilized inm all other situations (rectangular eguiva-

ultimate conerete strain Ecu

a) Rectenzular sections with tension reinforcements only: Fig, 6-12

Conditions of equilibrium at Tfajilure:

Hu -0+ T=0

ﬂu Wy & ¢ Tot

These two equaticns Elve:

RII

5y

Tet
Assuming:

o

or

*"E:_T‘ﬂ

N, -0.85¢2 4

+ A f =0

e 2 F

Yat1l = the verticsl distance (parallel to d,) between 0, & O

Dﬂ

2

E

= the canter of Eravity of the

=

concrete compression zoae,

tansion reicforcement, and

6~18

6-19

E=20

whare

wharse
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4, = M, b d,. Zquation 6-19 can be given in the foru:

! a
Ny € % Ce85 £ .M bdy.y,, but  Fig 6-11 shows that = . 82
et =t

Bo th=t

By eg) = 085 £ L b &1y, or X_, = 0.85 R
Introducing the capacity-rednction Factoril = u.':f, then
Mgyy =2, 0.85 £, 4.7 b af = 0.765 £, 4 7 b 4,2 therefore

= & ul R in whi h E ——]-"r—-_-_ -
dl 1 Ltﬁp b = nl Pu-?ﬁﬁfuerz ssss Do

Replacing e_/y., in squation 620 by l.l.f:*nﬂ and introducing the
capaclity-reduction factorsi, then

H e . §
a "8l o
"'l -E.I_—-I e s F—:, assuming ﬂrﬁtl = 0,9 '2‘ d‘l = ?1 d,
then
A m _._H'ﬂ.'l.__ - !n =22 whare D9 % (4]
s T T71 4 ﬁrz 1 =097 = 0.9 3 y/4

H'mmﬂ&mﬂ?mulmmmlthmdlm#.
can be destermined. The assumption is to be checkesd such that conditicn
6-18 is satisflied. Introducing the capacity-reduction factor 52 = 0.9,
we gets
ﬂlu-D.HEI@AbH+1. Irlﬂ
ullll:l.ngf,fﬂ.ﬂ-ﬁ:turll. and mowlng that l.l-i',.l‘.n‘]:ﬂl. then

r
QE, ~AH by + uba £ =0 or

28, |
;‘h d1+!t-ll.

HMe = 55T e

For 4 and ¢, values given in table #~8 can sproximately be used;
(assume ¢; = ).

Tha abowa design shows that rectangular sections subject to con=
cantric compression plus donble bending can be designed as if they

wars subject to ¥ and M__, onoly.
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Exampleg
1) Determine the tension stesl required for s rectangular section 50
x 80 cams subject to B, = 30 ¢, M, = 60 ot and ¥, = 28 nt taken about
ths hoprizontal and vertical axes of ths section.
The materials used are: concrete with a minimum guaranteed prism st-
rmﬁhfﬂp-lﬁsw“amuﬂm:taalﬂthf,-mw-ﬁ?.

ﬂl-ﬁ%-ﬁ-z-ﬂ“ and ‘.1'2-n+u;£hﬂ-1nizt}“
Mewy = 30 x 2,50 = 69.0 ot  and d) = 80 = 10 = 70 cas, then

70 = o, IHMEE’IE giving o, = 2.43 )2  depth acceptable.
Table 48 gives 7= 0.765 therefore Ty ™ 0.9 :-n.?ai = 0,706, then

591105 - 30
#'IEEWIQ-'?E:iﬁ‘ﬁ'ﬁ'ﬁﬁ'ﬂ-u'gdnﬁg.?u& choasn
8 #22 (A, = 30.4 o),

I,f' 1
L] - ﬂm-?ESﬂn? whars

c = 2.43 and 7= 0.785 so that Mo = 0.28

Equation &~22 glwves:

28,
uation 6-23 gives Al s 0
= & ° u.aﬁt,,u.l**’”' -

A b 4

30,5 ; 3600
'}Jlb—Ldliﬁui——hl-ﬂ:?ﬂ-uqm and -Imfhﬂpimlﬁs.u
Sence, the right hand side of eguation 623 gives:

0,9 x 30 0DO 0.87
0.85 x 165 x 50 = 70 & 100 * 2

l.0,, condition 6=23 is satiafied:

B = 0,055 + 0.22% = 0.279

2) It is required to determine the area of steel and the minimum depth
of cross section of & column 50 cms wide, if tension reinforcements
uﬂrmudtw‘ﬁnnlﬂut,%lnﬁuﬁa.ndlﬂ-}ﬁlt.
issume f_ =165 kg/ca® and £ = 3600 xg/ca®.

The solution can be dons as followsa:
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%, 60
‘I'IT.W-Q'E“I' aspune ¢, = 75 cma, i.e. ‘1‘?5"1”’,32
0,1 = 60 + 75/2 = 10=87.5 cms and Moy = 100 x 0.875 = 87.5 nt

For minizum dl.ﬂ-th ﬂl = 2 ¥ ? = Q.71 i-lg ?1 - G-g x 'Dq?l = D.639

?'5: -
g0 that m&-apmﬁ;;; = 65 cma 1.0. ﬂl-?sm

B7.5 .I 1"5 100

and A - s >
5" 3500 x 0.639 = 65  D.9 T 3.6 ~ o6 = 30.9 27.7 cem®
chosen 8 # 22 (30.% cm®).

Cheack nuuu.rd;l.n; to equation 6=23:

¥

= 2
Equation 6-22 givea 2 = V{W‘:—ﬁm i.m. A = 0,06
bt ;
20.45 3600
D- A e [ ]
"HIEH::EE' 933% and ..G.EEIIEE.ESB so that
L E, 0.9 x 100 000 0.933

5o T, h:tl_"-’u' ST 1 =50 e ' 100 X 2548 = 0:21 # 0.25°

ﬂmﬂ.ﬁmuﬁ-muﬂn.

An approximate U.S.D.-method has been developed by Borie Bresler™
and has been verified by tests. Eresler's equation can be given in the
form:

- —l]"—' * - 'i YT I TR RN E"'I-’-.' m 'hi':h

1 3
fa Sy Tyg Tog

lli = ultimats load far h.lu:i.l.l banding 'ith eccantricitian L and a

> i
B, = - " when only sccentricity L is :pruunt (n = 0),
Fou = - " " = " A T " (ey = 0) and
Fog = " *  for comcentrically loaded column (e =e, = 0).

Equation 6-24 can be umsed in ths following manners:
Given ths service normal load ¥ and the bilaxial bending moments M, and

¥ "Deaign criteria :I'.'.':vr reinforced concrete columne under axial load
and biaxial bending", By Boris Bresler. Journal of ACIL. Vol.57. 1960.
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¥ about the two prineipal axes x and y, one proceads in the desigr
b

follows:
1- Determine N, ¥, and Hﬁ. U=l.5G+ 1.8 F,
2- Compute e, = Hmlfﬂu and ey = ] ;m”u'

%- Assume dimensions and reinforcements of cross sectlion. Compute a/ft.

G- Calculate B = IEID.EE fcp.]jln andtp,q for each two opposite side
in the directions x and ¥.

for uniaxial bending

5= Compute N, = 0.85 £ A, + f_ A, N, and N

e

about the x and ¥ m: raspet::;:iﬂu from theﬂint:a:actiun diagrams

glven in sheets 17 and 18.

&~ Determine N, from equation 6-2&. The dasign ultimate load Eu must

be smaller than or egual to £F, = 0.7 H,.

Equation 5-24% 1s valid provided K, » 0l B_ . They are not reliable
where blarial bending is prevalent and is accompanied by an axial force
smaller than Hﬂw.r’lﬂ. In the case of strongly prevalent bending, fail -
ure is initiated by ylelding of the steel, and the situation corres -
rpondas to the lower tenth of the intersction diagram. In thds range, it
is safe and satisfactorily accurate to meglect the axial force entirely
and to ealculate the section for biaxial bending only.

Exaaples

1) Design a short column subject to the following service loads:
_.E-mt,ﬂpzzz.zt,lzsslﬂlt‘ HIP-Ent, HTE=5mta.ndllTp=
2,5 mt. The materials used are comcrete with f__ = 165 kg/ca® and high

P
srade steel with IF = 3500 '.h:g..l"l:.l.z-

L
]

1.5 x40 + 1,8 x 22,2 = 60 + 80 = 100 ©

u
4, =15x10+18x 50215+ 9= 24m e = === = 0.24
Ha=lsx 5+ 18x 2.5 = 7.,548,5 = 12 mt eT-l-%-.D=D.12

sgsume sross section 80 x 65 ems, reinforced by 14 & 19. Fig. &=13.

Tharefare: e/t = 28/65 = 0.37 and HJ,J"IJ = 12/40 = 0,30
I':, 2a00

R = =
0.8% f::p 0.85 = 165

= 25.8



A, (10 # 19) 28.4

A= =33 ot Ty R +-—-E“"H'L-r
. s 19
25.8 x 1.09 : e —
@A)y = === = 0,281 Rl il W,
1 ' ” :
. & %
‘-. ( 8 #19) 22,7 = R
r'HW' - -— = =, BA5% iBl5
X 80 x 65 + rssigm i
4
25.8 x 0.285 Y
{.{U‘EJI - 2 I;Jﬂ. a 0,228 Fig. 6-13

K =0:B5 Iup 4, + t, A =0.85 x 165 x 40 x 65 + 3600 x 39,7=507 000 kg
Using the interaction diagram, shest 17, we get:

For o/t = 0,37 and (L) = 0,281 K_ = 0,475 80 that
b |
Xa
‘:iu!‘-ﬁlr?i;;-m::garlﬁs “Inizmmﬂ“ and
Far -’lh = 0,30 and (m z"t}:; = 0,228 :,,_ = 0.520 g0 that
K K
. . - b -
:’.mﬁzn-htfﬂ-mzﬁﬁtlﬁﬁ u:!.-lﬂ 278 000 kg
Equation 6=24 glvear
1 1 1 1 1 1 1 1
e A e o B, 208 278 507 o

H, = 153 tons @0 that K, = 0.7 x 153 = 107.1 tons } 100 tons.

This means that the section and reinforcement chosen are convenlent.

2) Assuming an average load factor of 1.6 and & capacity reduction fac-
tor of 0.7, determine the safe axial service load of a column having
the same section and reinforcement as that of Fig. &~13. Materials
used are C250 and high grade steel with £ = 3600 ¥g/cmt,

¥inimum guaranteed cube strength of concrete C250 = 0,8 x 250 = 200
k.sf’mg. Corresponding :E_? a 165 kﬂ'_ma.

Fou=085 £ &, + Ty Ag= .B5 x 165 x 80 x 65 + 3600 x 39.7= 507 000 kg

Min, ix.i"t or an,/b = 0,1 and (m "u.‘::l'r = D.2B1 & {mfut}f = 0.228.



Sheet 17 glves:

A ru Fru
Kx-u-ﬁ-htf@‘mlés_llﬁg oF Hﬂ-}?ﬂﬂﬂﬂtp

.| .|
Ej' a 0.77 = LA SR - or N__ = 330 000 kga

bt fop 80 x 65 x 165 Ju
Equation &6-24 givest
1 1 1 1 1 1 1
i * = or - - * e glving
Ny gy B By R_ 370 330 507
B, = 269 t = 0.53 K
0.7 B,
Ths safe load = =117 %

If the bending moments due to the minimum sccentricitiea /10 and
b/10 were not considered, then the safe load would have bean

0.7 « By 0.7 X 507

= t
1.6 1.6 ek

which is about double as much as the case of biaxiel loading.

5-5 Buckling of slender compression members

The UNESCO™ proposes the following simple method for checking the
spitical strength of slender members subject to compression.,

The analysis of the critical strength of uniaxial or biaxial bend-
ing in the limit state of instability, i.e., the caloulation of . the
limiting values Hﬁlmmmmﬂmwmﬂh{ direct
(longitudinal) forces is reducible to the-ultimate strength analysis
by conventiocnally introducing a complementary eccentriclity (in the
ﬁir-ntimufmnrthlmpﬂ:ipﬂnuufth-:nﬂml to the di-
rect force. :

For practical purposes, the above assumption consists in tranafor-
ping the analysis for the 1imit stete of instability into the usual
of the uwltimate limit state for eccaeatric compression.

Censider a mesber subjected to that longitudinal compression. At

= NESCD "Reinforced Concrete™. AD international sanoal. Poblished 1971
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any particular cross section of that member the direct force has a tot-

al eccaentricity comprising:

.ﬂ. tha kmown or intentional eccentricity due to deliberate structural
arrangementes;

b= the accidental or inevitable eccentricity due to imaccuracies of
conatructiong

c= the deflection due to the flexural deformations arising from the
two foregoing eccentricity components (a) and (b).

Tt thus appears that, in terms of sctual structural behaviour, con-
centric compression is merely a hypothetical ideal condition; in real-
ity, bending always complicates the issue. For thie reason the wvelidity
for applying the standard theory of elastic buckling of reinforced con-
erete members may well be guestiomed. Accordingly, for checking a mem-—
ber with regard to the limit state of instability, it appears edvisable
to turn to an analogy calculastion based on the knowledge of the maorioam
Aeformations of the member in the ultimate 1limit state and enabling the
eritical buckling strength to be estimated in a simple manner by Bpply-
ing the usual ultimste strength analysis for eccentric compression,

In short, the enalysis for buckling involves adding bending moments
(referred to as the Yadditional bending moments') to the initial load-
ing system on which the design of the section for the gltimate state is
based. '

The anslysis of the critical strength in the limit state of instab-
i1ity is nessesary for all compression members whose Euler slenderness
ratio A exceeds £0, Otherwise tho ul‘t-inltﬂ strength analysis (l.e. the
mwuﬂmm“nmlmh state of failure) will
suffice.

In sccordance with Euler's theory, the slenderness ratio 4 of &
nember is defined as the ratlo of the effective length 1y, to the B
jus of gyration i of the concrete cross section in the corresponding

plane: A= 1,1
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The effective length ' depends upon the structural features in
any particular case, If 1 denotes the geometrical length of the membes
under consideration, the effective length 1, iz equal to:

b = 3 1 4f the member 1s free at one end and fived at the othery

= L if the member is hinged at both ends;

= 1/y/2 if the member is hinged at one end and fixed at the other;

L, = 1/2 if tha member can be considered fixed at both ends,

In the frequently encountered caae of a multi-storey building in whico

the continuity of the columns and their sections is assured, the ef-

feetive length 1, mey be equal to:

1, = V2 if the ends of the column are either rigidly fixed to a
foundation block or are joined to floor beams which have
t4s same moment of inertia as the column in the direciien
considered and which extend on both sides of it;

L, = 1/1.15 4in all othar case-.

The geocmetrical length of the member under consideration can be
chosen according to Fig. & 14 for the given speclel constructional

systems:

A A ] o ror i

b Ty
b 1 1 1 1
| B R FAACEEELT T m—
flat slab fl. mushroom £l. =ribbed fl. braced cols. heunched
beams
Fig. &=-14

Limit state of inatability of exially loaded coluans

The analysie of the eritical strength of coluans for concentric
compression in the limit state of instability, i.e., the calculation
of the limiting welue of the force assoclated with instabllity, is
reduced to the ultimate strength enalysis of such columna under the
alfect of the additional moments:

M, =N tE /3000 O
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where N i1a the axial load on the column, t the total geometrical
depth of the section (measured parallel to the buckling plane), E, the
instantaneous modulus of elasticity of the concrete, and o, the Euler
critical streas.

The Euler critical stress for columms of constant croas section
is given by the formulas

% '12‘:&1! l‘%"‘n
where I is the moment of inertla of the concrete cross saection in the
buckling plane, and A is the cross sectional area of the concrete. On
introducing the radius of gyration 1 and the slenderness ratio
the expression for the Buler critical stress may be written in the
following simple form:
g, = 2 E,. 72 .
The additional moment t0 be introduced in the ultimate strangth

analysis is therefore:
¥ =H2% t /30 000

The analysis of the critical strength for concentric compression
in the limit state of instability is thus reduced to the analysis of
ths ultimate egtrength for eccentric compression by application of a
conventionally introduced eccentricity e, &

0. =73 £ /3000 =kt 6-25

to the compresaive direct force N, ealculated according to the theory

of first ordar.
Thnnmmnnﬂngimmnlmatktnrmtmluuﬂnun

cular sections as shown in table &3.

Table 6-%. Values of k for rectangular and circular sections (diam, L)

A= 1 /1 | 42 50 |[55.4 | 62.2 | 69 76 | 83 90 | 97
1./% 12 1 | 16 | 18 | 20 | 22 | 24 | 26 | 28
1,/D 10.8 | 12.1 | 13.9 | 15.6 [17.3 | 19.1 | 20,8 | 22.5 |2%.3

E .059 | .c83 |.202 | .129 |.155 .193 | .230 | .270 |.31%
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1imit state of stability of eccentrically loaded columns

The analysis of the critical strangth of columns for eccentric
compression in the limit state of instability, i.e., the calculation
af the limiting walue of the buckling moment and the corresponding
direct (longitudinal) force, is reduced to the ultinate strength ans-
lysis of such columna by the introduction of an additional moment:

In =N E, (t + an / 3000 CL

which should be added to the initial system of loading (M and X¥) as
obtained by spplication of the theory of first order to the structure
sonsidered. This caleulation procedure is applicable only on condi-
tion that the initial eccantricity e, of the direct force N doea not
excesd the total geometrical depth t of the section (measured para -
1lel to the buckling plane), 1l.8., e, { t.

Por columns of constent cross sectlon the additional moment to
be introduced into the ultinste strength analysis is (with dus refer-
spce to the expression for the Euler critical strese given sbove):

M, = B * (t + uﬂ} / 30 000

The analysis of the eritical strength for eccentric coxpresalon
in the 1limit state of instability is thus reduced to the analysis of
+he ultimate strength for eccentric compression by application of a
conventionally introduced complementary eccentricity L

o, = }? (t + lu} S 30 000 = k (t + nq} =25

to the compesaive direct force N, calculated according to the theory
of first order.

The determination of the load capacity of a slender column sub =
jeet to normal forces and blaxial bending about the principal axes
of the column due to small sccentricities cen now be easily done as
shown in the following illustrative example.



S at
Exesple

hssuming that the frees height 1 of the axially loaded eclumi given
in example 2 is 7.35 ms, determine the safe load.

Assame 1y = 1/1.15, then thes buskling length of the column is givem by:
1, = 7.35/1,15 = 6,4 us

&0 _
h?ﬂg-g;iﬁnﬂ. then tlhere im no danger of buskling in x-direction,
m?-%ﬁum} 15, then buckling must be considered in y- "’

sédording %o table 6=3, .w-xﬁ-u.miw-hmm 56 that

total o, « 0.1 x 40 + 8,08 = B.08 cas = and EI‘%E'@*EW
L] .
We bave further: % « 0.1 and
(n fig)y = 0.228 (mpy), = 0,281
Sheet 17 gives: '
R H _—
rxiﬂcﬂﬁti—ﬁ;;#mﬁm or Fﬂt.ﬁ?ﬂﬂﬂ'ﬁkﬂ and
1’. .hi‘tﬂ*ﬁlﬁ s 165 ar l:mta 000 kgs

mﬂﬁn E-24 givess

R TR s I8 T T S 18 thet
e il g o " Fo*3sm e 507
Ny =239 ¢ f.e. the sae foad 15 B o 222233 . 100.5 vous

1.6

soments in gglumns of bBuildiogs

e Lo L LA P A - e

Girdeprs of reinforeed concrete pulldings are genérdlly cast mono-
ijthically with the supporting columns. 1f i exact calculation as &
building frame is dome, it is allowed to sonsider them s freely sup—
ported on the interics columns and rigidly comnected %0 the extérior
ones, This means that, in case of approxisetely equal spens, interior

columns #ey be assuned as arially loaded; whersas exteplor columns &re
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subject to normal forces and bending momentsa. The bending moments at
the joint of girders with u;tarinr columns may approximately be esti-
mated in the following manner: Fig. 5=15.

117

I

A.ammalu.Ilnnd&tnbathammnn‘bnu:tj.nuﬂunfthngiﬂ-rnr

span 1, the lower column of height h,, the upper column of height h,.
Thelr relative rigidity can be given by the factors:

I, 1 .
au-—-—-l rafarence wvalusjg
1 Iq
eq = 3 - %— relative rigidity of lowar ecolumng
ey = Eﬂ W l— relative rigidity of upper COLTmn.
b, I '
Then, the fixing moment at the exterior column is given by:
- 8, % &
“n=u.,_._]-"-_2'—-l' -E-E"?
1+ ¢y + Sy

4 which ¥ is the fixed-end moment of the loaded span 1,. This moment

will be distributed on the columns in proportion to thelr relative 1.~

g | -

Hl = A  — and % = “= - E—-2B
8 Toy *6 % *= %

Tor girders of top floor: Gy = o and M, = L
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The sense of the moments can be adjusted by the syatenm
of arrows shown in Fig. 6=15. “c' calculated according to equation &6-
27, causes tensile stresses at the upper fiber of the girder and com-
pressive stresses at its lower fivers. It will be represented by an
arrow starting from the tension side and ending on the compression
gide, Further, it will be resisted hr.ﬂl and HE such that they ere in
equilibrivm with it in megnitude and senss. Hence

My, + B, = M, 6=23

Their sense is opposite to M, and thus defining the tension and comp-—
reggion sides of the columne at thelr connection with the girder. This
can however be. verifisd by imaglning the elastic line due to the loesds
on the girder and shown dotted in Fig. &=15.

rhe interior columns are to be designed for the maximunm normal force
F plus minimum bending moments due to accidental eccectricities {nx =
+/10 lnﬂ.ur = b/10), Exterior coluans are to be designed for tle maxi-
puz normal force N plus the maximum bending moments due %o loading on
gider according teo Fig. 6=15 plus bending mements due to accidental
eccentricitlies.

6~7 Constructional detalls and remaris

1) Types of columns
The main types of columns arel

a) longitudinally reinforced columns {sometimes called tied columns )
with main longitudinal steeal and. thin lateral ties (sometimes callad
hoops or stirTups)j
b) spirally reinforced ¢¢1uﬁms with main longitudinsl steel and close-
1y spaced spiralsj
&) eross reinforced columns with main longitudinal eteel and closely
spaced thin lateral ties in tha form of successive meshes;
d) composite columns, in which & structural steel or cast iron membder
is thoroughly encased in a concrete column of type & or D.

Tn the following, we £hall deal with eolumns of types a,b and c.



=353

The longltudinsl reinforcezents should not be less than 0.8% of
the croas gection of & column and are generallyarranged symmetrical
on every two opposite pidea of tha crosa section.

Lateral reinforcement, in the form of ties or spirals, serves se-
veral functions, For ome, such reinforcement is needed to hold +the
longitudinal bars in position in the forms while the concrete is being
placed. For another, transverse reinforcement is needed to prevant the
hizhly stressed, slender longitudinal bars from buckling ocutward by
bursting the thin concrete covar, Closely spaced spirels and mesh ties
evidently serve thess two functions. However, in any tie plans, a suf-
fleient number of ties must be provided to position amnd hold all bars.
CUn the other hand, in columns with many lonpitudinal bara, if the col-
unn sectlisn la croased by too many ties, thery interfere with the place-
meat of concrete in the forms., To achieve adequate tying, yet hold the
nuaber of ties teo & minimum, the Ezgyptian code glves many rules for
“ie arrangement.

?1g.6-16 gives the arrangemant of longitudinal and lateral reln-

forcezent in different types of columns,

ST lﬁi.-sl.-grlg: L= g I 5 l £ *
I ] T

0 K K
3 |

i

e
d
Tied Columns
odin, a L
f s spaﬂing I
i adid B cms
Y {8,/54
Spirally rfd. Column Cross rfd, Column

Flg. 6-16
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It has to be noted that in tiled columns, the ties are =0 arranged
that every cornar bar and altermate longitudinsl bars heve lateral
support provided no ber is farther than 15 cms-from a laterally sup =
ported bar,; that the corner of & tie has an included angle of not more
than 135°.

8kin reinforcements (min, 0.05% of cross section) camn be arranged
aslong the unreinforced sides of the column without the need of croes
ties through the breedth of the section.

2) Laps of longitudinal reinforcements

For coovenlence of constructien and exeeution, laps of coluan re—
inforcements are generally made just above floors by one of the fol-
lowing methods: Fig. 6-17.

§_
e J"'r W - L [ .I £ f

7 1
| B
i L :
"
&b |
I"FjI.;_“ : max sloos
Pig. &17 |

If a lapped mﬁsiunnpliu is used, and iI the bars are offeet
st the splice, the slope of the inclined axis of the bar 1s not to
‘exceed 136 , and the porticns of the bar above and below the offset
are to be parallel to the axis of the column, Horizontal support at
the offset bends, provided by tles, spirals, or parts of the floor
construction, should be adequate to carry a horizontal thrust assumed
egual to 1} times the horizental component of the nominal stress in
the inclined portion of the bar.
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3) Requirenents of thes Egyptian codas

The Beyptian code gives, under ths same heading, the followlng re-
strlctions:
a) The minimum amount of locgitudinal reinforcement in eolomms with
ordinary hoops is 0.8% of the required concrete area but not less than
0.4% of the actunal area if lbgTr{ls. or thi.{ﬁﬂ. For highar slendsr-
ratio it is recozmended to choose the minizum reinforcement according
to the following relaticns:
Min percentage of steel

nin..i. = 0.25 + 0.015 lhfl =30 a
of the required aresa of concrete.
For rectangular sectlions
min., 4 = 0,25 + 0.050 /b 630 b

af the required area of concrets far special cases of light live load.
5) Minimus dimensions of & supporting column are 20 X 20 cms, smallar
dinensions are parmitted in special cases of light loads and the side
ratio of the r-utungﬁln: ecross ssction should not excesd &1l or else
the sccentricity of loads (if any) is taken into consideration.
¢) 411 columns shall have ona longitudinal ber at esach cormar,
4) Maxrigum side_length of column in which only cormer bars &re used is
i5 ems., otherwiss, intermediste baers are placed with maximum apacing
af 30 cms. Theas bars mst be held by special hoops.
a) Maximum spacing of hoops to be the least of3

15 timea the dismeter of the smallest longitudinal barj

the least side of columnj

25 cms.
£ Winimum diameter af longitudinal bar is 13 ma.
g) Yinimom diameter of hoops to be ¥ dlameter of biggest longitudinal
bar and not leas than 6 mm. and thae least wvoluma of hoops is 0.25% of
volune of concrete.
n) Hoops as well as splrale are to be placed also within depths of

7= T Tul -8
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$) Spirals shall have a circular or nearly circular form.
j) Maximum piteh of spirals is 8 cms. or 1/5 corg of sectlion whichever
is the smaller. The minimum pitch is 3 cms. The pitch is to be main-
tained constant.
k) The use of additionsl reinforcement with a view of reducing the

colump dimensions 4is cxpensive. An economic method for obtaining a
smaller section is to use a richer cozcrete mix.

1) Maximum percentage of steel for concrete up to ClBO or less is 357
and for higher grade concretes is 6%.

m) Minimum Bplicaﬁ are to be 25 dismeter in length with a minimum of
40 ems. For columms under full compression, where welding is more eco—
nomical, splices mey be dispensed with. The secticnal area of dowel
bars, shall net be less than these of columns themselves.

n) Loads on columns should be properly calculated, teking advantage
of the peraissible reduction 1n live loads in multi-storey buil’l.izs.
o) In both tension and compression sldes of rectangular columns, sub-
jected to exall eccentriclty (emall eccentricity is that which gives
tensile stresses not more thao X the compressive stresses), the mini-
mam erea of steel is to be 0.2% of the mctual comerete section on con-
dition that it is not less than 0.B% of the required aection.
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CHAFTER 7
BEINFORCED CONCRETE STAIRS

7al Genernl Jongiderations

4 reinforced comcrete stair is generally composed of inclined slabs
for the flights and horizontal slabs for the landinge suppurta&mbrn-
ken, inclined or horizontal beams and columns,

The n:l.npl of the inclined slabs, depends on the number of the steps
in each flight and the dimensions of each step, i.e. its rise and go-
ing,

To have a comfortable stair, it ie advisable not +o Arrange Loow
than 12 etepe in one flight with the following dimensions for each s=tap:
(Fig. 7-1)
going i g

- b

Eige: 14 = 2C cms (normal 15 - 15 cms), going: 25 = 35 cme (normal 28—
30 cms). )

The top miurface of the inclined slab of a stair may be stepped as
snosm in Fig. 7=1 &, in which case, the steir can be used during the
constructicn of the bullding. In order to protect the outside corners
of the steps and to prevent their cuipping off, at least 1 § 8 and
stirrups 5 @ 6 zo/c zust be arranged as shown in Fig. 7-1 a.
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The correct execution of such stepped slabs is time consuming and
some prefer to make them with a constant thickness ts and formulate
the steps either by plain concrete poured whan covering the steps with

the stair cover, 2+ g+ marble tiles or by usiog reinforced mogaic tri-
angular steps. (Fig. 7=1 bJ.

One has to note that the tilea on the landings of stepped stairs
need 6 cms £ill while they are constructed directly on the reinforced
concrete stepes using 1 cm mortar in between, (Fig. 7-2, details a & b)
7«2 Loads

mmmmmam“m_umunmmnm: the
nm,.unlmmwnzmmmtum.mnmn,
mﬂﬂthnnnﬂmmorﬁmmz,humﬁsnthﬂthntutﬂh;ma
lies generally between 900 and 1100 kg/m® horisontal; a concentrated
1uﬂﬂtmmmmmﬂm:mmmnm1umq
100 kg/m on the edge of the landing has to be considered in the cale
culations of cantilever stairs.

The main structural types of reinforced concrete stairs are:

7.3 Captilever Stairs

In cases where thare is no poasibility to make aoy ‘bn;u..mnpt
the ta.'t.‘l.—bmi, to support the stair (Fig. 7-2), one may use this .‘I.T:pe
of stairs in which the stair slab is assumed as a simple cantilever
fixed in the wall-beam. The fixing moment aof :I.'.h.- slab, being resisted
by torsion in the wall-beam and knowing that the torsional resistance
of reiaforced concrete is low, 1t is recommended, in' this cass, not
to hn'e big spans for the wall-beams. In the case of the stair shown
in Fig. 7-2, if this system is used, it might be advisable to arrange
a coluzn at the middle of each longitudinal wali-beam (shown dotted
in Fig. 7-2).

* le

It is reguired to design the stair shown in Pig. 7-2 for an apart-
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ment bullding; the materials used are (200 and normal mild steel .
The stair will be assumed of the cantilever type [Fig. 7-3).

Daszi of tha £ y "

Each step in the flight, shown heavy, will be replaced by a rect-
anzular one 30 x 20 cms as shown

Each of the aspumed steps (30 |
x 20 cms) will be designed far =
its own welght, cover and plaster,
auniinmlm&ufﬁiﬂkﬁnz and
ac:rnnﬂntrﬂzﬂdlﬂﬂnflﬂﬂtsat

its free edge. Therefore, the uniform load per step is given by:

Own weight 0.30 x 0.20 x 2500 = 150 kg/m
Cover 4 cma 0.30 x 0.0 x 2000 = 28 =
Plastar 2 cms c-?;n r 0,02 x 1500 = 9 m
Uniform live load 0.30 x .'5.50 =105 =
288 =

Bending moments um=2m=£:-§f+1ﬁu:1,zs = 350 kgm/step

Dinensioning and reinforcement: ¢ is assumed 20 cms, therefore d = 17.5
cms

=)/ v or 17,5 = K |/ 222 glving X = C.513
izcording to table B-S: For O, = 1400 g/ cm® O, = 32.5 xgfes” and
Ky = 1280, So that A_ = s = wmedP0__ = 1,56 cu° 3 § 8 / step.

E, 4 LleB0 x 0.175



Design of landing

The thickness of the landing is chosen 12 cms, Assuming a concer-
trated load of 100 kg/m at the free edge, then .

w = own weight + 6 cns sand + & cme cover + 2 coe plaster + 350 ksfﬂa
= 0,12 x 2500 + 0,06 x 1500 + 0,04 x 2000 + 0.02 x 1500 + 350

w = 850 kg/m® and M. = 850 x i_ﬁif + 100 x 1.25 = 790 ksn/m .

d = 10 cmn than EEEIQ?B‘D or k, = 0,355
Table 4~5 gives T, = 52 {60 kE{uﬂE and  k, = 1245

or

a0 that

.79 o :
by = 1245 x 0.10 = 6.35 cu;ﬁn chosen 8 £-10 om/m

Distributers 0.20 4 = 0,20 X 6,35 = 1,27 cu° chosen 5 @ & ma/m.

In addition, a mesh 5'ﬂ 6 mm/m is arranged in the lower fiber of the

flighta and landings. The details are ghown in Fig. 7-3.

7«4 Cross—gupported Stairs

If in a stair, it is possible to arrange the string beams B, and
the cros¢ beams B, (Pig. 7-5), then, both the flights and the land~
ings are cross—supported; they act as simple beams with the span equal
to Eh.ﬁ breadth of the flight or landing. This system is supposed o
be very economic because the epan of the stalr is generally sazsall.

For the case shown in Fig. 7=5, the flight acts as a simple cne-
way slsb of span 1.30 me supported on the wall-beam on one side and
on the string beam on the other slde. '

In normal cases, & thickness t_, of B cme end mein groes reinforce—

ment of 6 @ B mm/m are generally sufficient for the slab. Distributers
nsy be chosen 5 @ 6 mm/m. The details of reinforcements of a cross =
section in the £light is shown in Fig. 7=G.

The string beama 31 are inelined gtreight simple beams supported
or. the landing horizontal beams B,. Their borizontal span ie 3.15 ms.
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Tasy carry thelr own weight plus the loads from the stairs. They may te

LAR | 73 L
1 r beam 1

i, l=t3a crm

T~ Pig. 7-6
balwthlatmmﬂmmndum:nrm. T=5q

The horisontal landing beams B, are
simply supported on the wall-beams 35

Jezlt zezi
m34|npm-19ﬂ5:}gﬂnﬁrlﬁﬂ- { |
They carry, in additiomn to their owm

pa - LS |
weight plus the load from the landing,
the two concentrated reactions of beam b SEE
Bl :Hﬁr ?‘-?}- EE! 7=7

The wall-beams are either straigat {@«Es beam BEJ or broken (e.g.
beams 35 and :B“). They may be simple (e.g.- 23 and !'q..} or continuous
with the floor beams (e.g. beam B,? ). They carry their own weight, the
#all load, the load from the stalr slab plus the concentrated rcaction=z
of the landing beams B,. Sketches of the reinforcements are snown in
Figs. 7-8 a, and 7-8 b.
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Pig. 7-8 b

7.5 Loagitudinally Supported Stairs

In some cases, it is only posasible to support the stair in the
longitudinal direction (Fig. 7=9). In such cases, the span of the
stair slab is 13: This being relatively big, the bending moments ,the
thiclmeas tﬂ and the reinforcements will be blg and the design may be

uneconcale.

If 1, is say #.50 ms and the load ias @ 1100 k;ﬂ#a, the maximm mo—
ment ¥ . = 1100 x 4,5°/8 = 2750 kga . This needs a thickness t_ of @
20 cos and main steel of P 16 mm every 15 cas.

Hence, this system ia to be used only if there is no other —ore
canyzaizsnt systen.

Tae Jetails of rziaforcemsnts a—e shown in Fig. 7-10.
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Fig. 7-10
Tn addition to these basic systeas, stairs may have many cther
structural forms &S, :I.'ﬂ;:l:' exasole, the free standing stair showm in Fig.
7-11. This stair is supported on tae lower and upper floors without
amy supporting beams or coluzas. I5s slab is subject to axrial forces,
teniine moments, sheariag 2apees =nd torsiopal moments. The displace-
—amtg of the intermed-ate lanéinz zave a big elfect om the intermsl

sfammgz =={eh nust be caTels I=- Zprerzinczie
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PANELIED ZEAMS
8.1 General Idea
In relatively big areas with T..,jlr & 1«3y it might be convenient

o support the covering slab by a system of beams of the same dimen-
gions, called "panelled beama' similar to those shown in Fig. B8-1.
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fiz. 8-1
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8.2 Approxinate Jethod of Caleulation of Simpls Panelled Beans

fme of the simple approximate solutions of such a floor is To as—
sume that i1t behaves like a two-way slab with spans 1:: and 13_ in whien
the load is transmitted to the outside main girders through the beams
Boas Boo BF ©vees Btc. according to the dotted lines shown in Fig. E-
1; %this means that, if the torsional reaistance is neglected, the load
on the floor w will be distributed on both directions x and y in the

ratio w and Wy where w_ + v, =W and w, =&W , W, = B

The values of o and p depend on the ratlo o= 'L:r/l: and are to be
extracted, according to Grashoff, from table 5-1; i.e., the bizger
load and bending moment shall be in the shorter direction x and the
emaller load and bending moment shall be in the longer direction 7.
Fach of the beams B, 1is to be dimensioned for the corresponding total
bending moments of the strip By and sach of the beamsa B;r is to be di-
nensioned for the total bending moments of the strip a_.

In order to simplify the =alcul&1::l.un;n, the parabolic bending mo—
ments of a two—way simple glab will be replaced by trapeziums in the
form shown in Fig. 8-=2. That 1s:

mhe maximun bendingmoments and reactions of beam B, are egqual to the
areas M4 and wﬂ respactively,

The meximum bending moments and reactlions of bean Bﬂ are equal to the
areas M . and W_, respectively, and

The marizum bending moments and reactions of beam B, are equal to the
areas H? n.nd.wr respectively. .=« 2LCs

8.3 Example of a Simple Panelled Floox

A reinforced concrete floor with 1? = 12.00 ms and 1 = 9.CO as is
zimply supported on all four sildes, carries a live load of 300 kar"dz
and is supported by a system of panelled beams, spaced at, 3.00 ms in
both directions as shown in Fig. B—2. Design the beans and detaroine
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w, = 0.76 T 900 = 684 kg/ns and w. = 900 = 534 = 216 kg/2°

Bending moments
Mayimum bending moment in beam Bﬂ is given by:

‘E
w. L el
Mo, =8y IE:=3.O:§‘3-{LE_E-=5.E$E9¢G=ED93D g m

Maximum bending moment in beam B, is given by:
M, = area My = 0,96 M, = 0,96 x 20920 = 20000 kg m

HWeglecting the =zmall reductlon due te the trapezoldal distribution of
bending moments, .than

Maximum bending moment ln beam B? is:
2

w 2
M, = a, «EEEI = 3.0 x EEE_E;EE. = 3.0 x 3900 = 11700 kz m

Shearing forces and reactiona
w L
X 200 x 9 _ =
W = ay, =3 = 3,0 x - 3.0 x© 5050 12150 kga

Wep = 1/2 (#050 + 4050 x 1l.5/4.5) x 3.0 = Bl0OO kga

W, = 1/2 (4050 + 4050 x 1l.5/%+5) X 3.0 = 8100 kgs

Desiasn of beams

Beams B_ shall be designed for max. Hx = 20900 kg m; they behave

as T-sections with breadth of flange B =12 t_+ b =12 x 8 + 25 = 121

iy |
Assume d =73 - 6 = 57 cas then E?nkl@ giving
¥, = 0.51. According to table 4-5, O, = 38 ka/ca® and Lk, = 1850
2 2 -
so that Aoy = 1550 = 055 = 168.9 em chosen 6 & 19
i3 11700
Beams BF: d = 65 cms then 65 = kg 1,21 siﬁng

, = 0466, Accozding to table =54 U-c = 28 kg,-"'::LE and k., = 1900

2 L = 3 !
8o %that A = 11700 = G.35 :::E ghogsn S &1s

5¥ 1200 x GedDm-



T
Narmal =il2 stssl may however be used 1o the longitudinal beazs,
ﬂ'ﬂ is low . 1.-2 = 1300 and
11700 mz
pp— " 14.0 chosen & 19,
Asy = 1300 x 0.65 e

Shear stresses
8100 2
120 — = 8.35 kg/ca® & T, = gg—orge—ezz = 5.82 kg/ox

'&“ﬁ!&?

2oth values are not high and the corresponding diagonal tensiom is to,

in whizh case:

be dstermined in the normal way.

Details of beams

The details of beams B and B, are shown in Fig, 8-3.

Le=P oo

E;_zt ‘i T
t eese - — Jes
TN R § ST
L I r—y o
Fig. B=3

Reactions of panelled beams

ﬂamﬂmﬂthlpmuﬂbmﬂzmdnymthaMammin

girders are shown in Fig. 8-&4.
8ot Buist 8t resst 3rf
= i = : A
'i, L!=¢-¢- + '-'E. Ef'?.hﬁ .F
Fig. B4

B.4, Continuous Fenelled Beams
Continuous panelled beams behave as contlnucus or partially fixed

slzbs in which the momert distribution is as shown in Fig. E=5.
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The figure shows that the bending moments of continuous panelled
beams is the same as that of continucus slabs for one meter gtrip mul=-

tiplied by L in the x-direction and by a  in the y-direction.
Por symmetrical conditions at the supports, the reactions of panel-

led beams are the same as the previous cass.
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CEAESH 2
R=TNFORCED CONCRETE FOOT TGS

ﬂ.mummgmpmurmmmmmm—
nites the load of the superstructure to the underlying =oil. It must be
20 chosen that the settlement is small and as uniform as possible. Fe-
latively big differential settléments may cause severe damage to the
supe-structure and hence are to be avoided.

In order to satisfy these requirements, it is essential to trans-
@it the load to a firmm sbtratum and to spread the load on a sufficient-

1y large area so that the bearing pressure is within the allowable li-
nitsa. :

ﬁwurmmmmmﬂmﬂu,m:m
Elve the most economic solution.

We recognise:
9,1 NALL FOOTING

It is simply a strip of rein-
faorced concrete wider tham +the

wall to distribute ita pressure
an the soll as shown in Pig. 9-1.

It is genarelly not allowed
to construct a reinforced comcrete
footing directly on clayey soils; a plain concrete layer 20 to 40 ams
(and scmetimes more) undermeath the reinforced concrete footing is re—
commended as 1t leads generally to a more economic solution. The area
of the plein concrete footing is simply equal to the load on the well
plus the own welght of the footing divided by the allowed soil press—
ure. The own wedght of the footing may, in this stage be estimated by
% %o 6 % of the wall load, the former value applies to the stronger
type of scll. The area of the reinforced concrete footing is chosen
such that the bearing pressure underneath it is smaller than 5 to 10
k;fi:l:lz and the mazimum tensile streas 0y in the lower surface of the
plain concrete footing is smaller than @ %.0 kg/eu®,

Fig. 9-1



-7
Mhig last comditlon gives the projection x of the plain congrete
footing relative to its thiclkmess t according to Fig. 9—2 as follows:

Assuming that the allownble soil pressurs
is Oy, then the maximun bending moment at sec-

ion A = a 18 givem bF: la
M, = oy, 2 _

and the maximm tensile stress T, at the bot- } |2 e

ton of section a - a is F:f; v oow
Oy =6 Ha!te i |r.~.

Substituting for M_, we get: Fig. 9-2

O, =30, xaf'ta

Therefore
(x/5)° = O./3 0y

Assuaing, for example O, = 3,0 ke/cm®, then

x/t 'Pl"’%

Henca, one may safely assume that:

For Oy= 1 1,25 1.50 2.00 2,50 3.00 kgfem”
x= 1 0.90 0.80 0,70 0,63 0,58 e

The governing factors for the choice of the dimensions of the re-
inforced concrete footings are the econocmic considerations, the chosen
thickness of the plain concrete footing and the allowable soll pres-
sure, rather than the allowable bearing stress on the plain conecrete
footing,

Design of Wall Footing I <1y

If the reinforced concrete footing ia ---f#-! :t?
supporting a concrete wall or conmected to =F W—A‘E'rﬁﬂ_
a reinforced concrete wall beam, them the e 7 \r .
nax. moment and max, ahear take place in ‘I_ . 4 —{
section I-I at the face of the wall. Fig. 9-3

;_11=%5{1_a}3 d =1k |/ 4/ t=zd+$/2 + 5 cn
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The max. shear stress takes pilc-i at Sec, II - II at a distan-
ce 4 from the face of the wall.

Q=0 (452 -a) T=Qp /b Jupgb -8 kg/en®

For masonry walls directly supported on the footing, the ma-
rimm moment i858 assumed to take place at a section midway between the
centre line and the face of the column.

9.2 ISOLATED COLIMN FOOTINGS

They are simple cantilever slabs projecting out from the col-
umn in both directions and loaded upward by the soil pressure.Single
isolated column footings are generally square in plan. Footings sup—
po=ti-z rectangular columns may be rectanguler. It is recommended to
choose them such that the projections from the face of the column are
approrimately the same in both directions. They ma¥ be of constant or
wariable thickness as shown in Fig. 9=%.

F A
+ et
S TR
] e
L” A
(a) (3) (¢l

Fig. %4

Dus to the upward pressure acting om the reinforced concrete
footing, corresponding tension stresses are caused in its bottom sur-
face. Such footings are therefore reinforced by two layers of steel
perpendicular to each other and generally parallel to the edges; the
fibers of the footing above the neutral aris are subject to compres-
aive stresses with max. values at the extreme upper fiber. As these
compressive stresses are resisted by the concrete it seexs to the
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author that the form ﬂhpwn in figure 9=4g ia structurally more coo-
wvenient than the normal form, shown in figure 9=ib., generally used
in footings of variable thickmess. In this new form, the upper fiber
that is most stressed extends over the whole width of the footing; in
addition, the thickness of the plain concrete footing is maximum at
section a - a (fig. O-4¢.) where the maximum bending moments and the
maximum tensile stresses -ﬁt ooour,

In order to prevent differential settlements of footings on me-
dium aoils it is recommended to join them by 8tiff plate or wvieren-
deel girders as can be seen in the following two examples i

Example 1 : Foundations of the Extension of Bl Haram at edina.
Fig. 9=5

The soil at the poaition of El Haram at Medina ia fill for a
depth of 4 ma., underlaid by medium clays that can support an allowa-—
ble bearing pressure of 1.5 kgfcm? « 1n order to avold any noticea-
ble differential settlements, it was decided to connect the columms
in both directicnas by atiff girders. In order to satisfy this requi-
renents, the girders were chosem 0.25 ms. thick and 1.50 ms. deep
giving a very big moment of inertia and reinforced with 4922 at
top & & P 22 at bottom, the vertical atirrups were 5 @ 8/m and
the horizontal reinforcements around the openings were 4 @ 10 gi-
ving a total amount of ~ 100 kg steel per meter cube of concrete. In
order to incresse the stiffness of the whole ayatem of foundations
againat differential settlement, the footings and the porticms of the
columns under the ground were rotated 45° as shown in figure 9-5
to give gradual smooth effective connection with the columms.

Example 2 ; Fo tiona of the T — T B 8 at and Ab

The site of these bulldings is composed of 1.2 ms. agricul-
tural soil underlaid by weak clays that can support 0.5 kgfﬁnz soil
pressure only. The ground water level lies at 1.0 m from the ground
surface and the good in:amprunsibla sandy layera exist at 10 - 20 ms
from it. The finished floor level lies at + 1.5 ma. from the ground
lavel. It has been found unfeasible and very uneconomic to use deep
pile foundationa. It was decided to construct +the foundations in
the following manner (Pig. 9-5).

1) The foundation level was chosen at 1.2 ms. from sround level
at the top surface of the medium clay.

2) Tne foundatin=s o the columms were isolated footings compo-=
sed of a plain congcrete layer 25 ems. thick - so that ita top
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ey=Face is 5 cms above the ground water = and a reinforced congrewe
square or rectangular footing 30 - 40 ¢ms thick.

Fig. 9=b

3) The bearing pressure oo the soll was chosen 0.5 tgfcj;

4) 1In order to prevent the posaible differential settlements, the main
coluzns were connected in both directions by Vierendeel girders with
their bottom chord at the level of the reinforced concrete footings
and top chord at the ground fleer level, the verticals were arranged
every 2 = 3 ms.

5) The ground floor was made of reinforced concrete j the wvolume un-—
derneath was left withdut f£ill to allow for any settlement without
ererting any upward pressure on the ground floor.

6) The opecings in the outside and some main intermediate Vierendeel
girders were built in with masonry. In order to get a complete laoter-
action between the masonry and the reinforced coocrete, the walls were
fipst built on the bottom chord, with keys at the position of the co-
Jumns and posts. After placing their loogitudinal reinforcenents and
Lcops, their concrete Was poured in the masonry then the top chord was

construsted on The top.of the wall.



Dagign of Igolated Column Footing

The simplest design is given by
the A.C.I. code of practice and 1ta
application is explained by Winter ,
Urquhart, O0'Rourke, ¥ilsen in their
text book on ™ Design of Concrete
Structures "

Tha bending moment on any varti=
éal section through the footing B8&y
e—d. is that caused by the upward pres— Fig. 9=7
sure on the arsa to one sids of ths
ssction 4i.s. the area a b ¢ d. The reinforcement perpendicular
«5 that section, i.e#. the bars running in the long direction are
calcrlated from this bending moment. Similarly, the moment about
saction e—f 1iB cansed by the pressure on the area b e f g , and
the reinforcemsnt in the short direction, il.e. perpendicular to e=f
15 calculated for this bending momsnt. In footings supporting rein-
forced concrete columns, these aritical sections for bending are
located at the faces of the column as shown in figure 9-7.

In square footings, the reinforcement is uniformly distribu-
ted over the width of the footing in each of the two layers, i.e.
the spacing of the bars is constant.

In rectangular footings, the reinforcement in the long direc-
tion is again uniformly distributed over the shorter width. In loca-—
+ing the bars in the short direction, one has to consider that the
support provided to the footing by the column is copncentrated near
the middle. Consegquently, the curvature of the footing is sharpest
“4{.e., the moment per mejer largest, immediately under the column and
it decreases in the long direction with increasing distance from the
eolumn. For this reason a larger ateel area per longitudinal meter
is needsd in the cuntru'purtinn than near the far ends af the foo-
ting., The A C T code provides, thereforse, that 1

In the case of the reinforcement in the short® direction that
portion (of the rainforcement) determined by the following equation
shall be uniformly distributed across & band-width centered with
respect to the column snd having a.width equal o the length of the
shgrt side of the Zooting. The remainder of the reinforcenent shall
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be uniformly distributed in the outer portion of the footing.

heinforcement in band width B 2

=B + 1
Total reinforcement in short direct.

in which 5 is the ratio of the long side to the short side of the

footing.

Tha critical sections for bond are the same as those for bending

A eolumn supported by the alab
of a simple footing tends to punch
through that slab because of the
shear stresses which act 1in the
footing around the perimeter of the

-I—,_I_.

column, If failure cccurs, the frac-—
ture takes the shape of a tramcated =

pyramid. ( Fig..9-8 ) with sides -l £ e
sloping outward at approximately 45°

The averags shear stress in the con-
crete which fails in this manner can
be taken as that which acts on verti-
cal planes laid through the footing
at a parimeter a distance 4/2 from
the faces of the column ( vertical

section through a b ¢ d). therefore
the nominal shear stress in the
concrete in this eritical perimeter
section is
2

thlf'bd. Ef-ﬁtﬂ.ﬂfﬁﬂ

Pig. 9-8

T

where b = length of perimeter of critical gsection ( a be d in

Fig. 9-8).

Q, = shear force acting on the same section i.e.columm load

minus net upward soil pressure on area abecd.

Tt has to be noted that the maximum bearing stresses are Lo be

calculated for the column-load plus the weight of the footing,

whiles

the internal forces, B. Ms, and S. Fs., are to be calculated for
the net bearing pressure ; i.e. the column load only divided by the

area of the footing.

=

Zxamople =

It is regquired to design an ‘'isolated footing for a column

40 % 40 exs, reinforced by 8¢ 16 and supporting an axial load of
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M = Q0 tons. Assume the allowable stress is equal to 1.5 E.g,..-’nmz at
a depth of 1.5 mas. from ground surface.

Assume own weignt of footing ~ 8% of the load, therefore
The total load N, = g7%

Area of plain concrete footing = N, / O, = 97/15 = 6.45 me

¥+ Sa cmur.

-L\ 7 b 4G o :
-
3 i % |3
75 |
'¥.:3 _I
ri5 o
DETANS &, IS OLATED FOOT7,

Fig. 99
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The plain concrete footing is chosen 2.55 x 2_._55 ns, with a aaxi-
~m thickness at the edee of 50 cms.

sccording to table (page 18) , one finds that for O = 1.5 kF_l.',f{:::l.E.
x = 0.8 t and the reinforced concrete footing i= therefore 1.75 x 1l.75
mg5, The net bearing stress on the plain cencrete is accordingly Ziven
by: 90 / 1.75 x 1,75 = 29.5 t/a°.

o " 29.6 ;ls 2

waxs Bedls at face of column: %ma: = -g—— {-EZE - 332} = Er?ﬁ ot .
Assuning O, = 50 kg/ nma and U'a = 1800 L:E.fcmz, the depth reguired for
tending moment is given by:

d = 0,361 Ia‘ 6750 = 30 cms chogan thiclknessa £t = 50 Cms ,

The punching shear stress is to be checked at section I-I (Fig. 5-9)
ot a distanse d/2 = 16.5 cms from the face of the column. Hence

Total shear along perimeter g; = 90 - ﬂ.?iz x 29.6 = 75.20 ‘tons

Punching shear stress &, = 74200 / 4x73x33 = 7.7 g/ cu® big-
Try a total max. depth T = 45 ems i.e. d = 38 cmsj; then 3
ohe puncning shear is Qqp = 90 = 0,78° x 29,6 = 72.0 tons and
Pun hing shear stress gy, = 72000 / 4x78x38 = 6,0 g/ em® safe;

Required teasion steel is them A_ = 6750 / 1265 x 0.38 = 14 ome
chosen 7 @ la/a

The details of the footing are shown in Fig. S-9.

9,3 COBDIED FOOTINGS

combined footings are used under two or more coluins if they are
closely spaced and heavily loaded s0 that if single footings were pro-
wided, they would completely or nsarly merge. Fig. 9-10.
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Fig. 9-10




Thay are alsc used if footimgs of exterior columns cannat

303

nTo-

jedt surficiently beyond the face of the columm. (Fig. 9-11)

e e

Pig. 9-11

In order to prevent tilting of the combined footings, it is re-
commended to have the line.of action of the resultant of the column
loads coinciding on the center of gravity of the footing.

Design of Combined Column Fuatiggg

An exterior column 40 x 60 cms. with a total load of 100 tons
and an interior column 40 x 75 cms,. with a total load of 180 tons are
to be supported on a combined rectangular footing whose exterior can-
not protrude beyond the outer face of the exterior column. The distan-

ce center tu canter of columns is 4 msa. The allowabla

is 2.0 tsjan- (Fig. 9=12)
The center of gravity
of the total load lies at a
distance ¢ from the inte-
rior column where
c =100 x & J 280 = 1.43 ma
In order +to have uni-
form pressure on the unil,
the total load of Eﬂﬂ muat
coincide on the center of
gravity of the plain concre-
te footing. Hence
Length of plain concrete foo-
ting = 5.74 ms.
Assuming own weight of foo—

ting ~ 10% of total load Ht,
then

soil preasure
zael

. &7 _.t-..r--l"'J"1 P i
27 ! ;LT
fry
Si
el
m Fomt [[33

et i

i

Fig. 9-12
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N, = 280 «+ 2B = 308 ton

Area of plain comcrete footing = N. / oy = 308 / 20 = 15.4 me
Breaith of plain conmc. footing = 15.4 / 5.74 = 2.7 m=
For a soil stress of 2 tg.a'r:.ma , the distance x according to table

on page ¢ 18 ) is equal to 0.7 t. Assuming t = 40 cms. then x = 30 em
The dimensions of the reinforced concrete combined footing are :
S.44 x 2.10 ms.

The total load of 280 tons 18 in this manner eccentric with respect
to the relnforced concrete footing.

The eccentricity @ = 5.44 f 2 = (1.435 + 1l.44 = 0,3)=2.72 - 2.57=0.15ms

The net bearing pressure on the

plain concrete footing is there- . rdo
fore given by (Filg. G=13) saf “_'.l"-:,“” kel

o . 280 , 6.x 280 x 0.15 £ i
é S.44 x 2.1 - 2.10 x 5.44
= 24.5 + 4.05 ¥
Hence
0. = 24.5 + 4.05 = 28.55 £/

-:::‘2 = 24,5 = 4,05 = 20.45 "

In the longitudinal direction,the
footing represents an upward loa-
ded beam spanning between columns e,
and cantilevering beyond the inte- : v ;{} 1707 ¢ fm
rior column, Since +this beam is o
considerably wider than the co-
lumns, the columns loads are dis-
t£ribubted crosswise by tranaverse
hidden beams, one under each o -
eolumn. It may however be assumed [V S ) e
thet the effective width of +thias
beam is egqual to that of the co-—
lumn plus, half the depth of the Pig. 9-13
footing on each side,

The marimum cantilever moment L &t center line of column is

[+
ziven by = % iad
M= 26.85 x —3— + (2B.55 - 25.85) x L2t x l—-%'i

ey Lorveroeir Hﬁwﬂﬁf

= 17,17 ok m.
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The ma:i:um fiald noment ::n lies at point of zero shear which lies .
at a distance s from the left edge of the footing.

Hence
10 . 20458+ (28,55 -20.85 ) gi— 3
or 2
47.55 = 20.458 + B.lx 'IE‘EEF and s = 2.16 =s

2
M = 47.55 (2.16 = 0.3) = 20.45 x 2,16 _sax g%‘(; x %E = 38,5z%/m

The load of the exterior column per meter = 100/2.1 = 4#7.55 €
- w ® ® Jipterior " " e = 190/2,1 = B5,55 %

The shearing force diagram is approx. as shown in Fig. S=13.
The depth of the reinforced concrete footing is to be determined for
the maxrimm field moment M = 38.5 mt.

Hence tor O, = 70 kg/em g, = 2000 kg/em"
4 = 0.32 /3850 = 62.5 c=s £t = 70 cums.
A, = 38500/1800 x .625 = 34.2 cn® 9 & 22/m'

Fominal mild steel reinforcement at center line of intermediate co-=

lumm.

A, = 12000/1300 x .625° = 14.7 em®
The minimm allowed tension steel is 0.25% of the section,hence

min. A, = 0.25 x 100 x 62.5 = 15.6 cm® chosen 54 16 + 5 & 13

The reinforcements in the cross direction of the footing are to

be minimum 20% of the longitudinal reinforcements.
Hence, .
Cross reinforcement in top fiber : 0.2 x 34.2 = 6.84 em> 5 ¢ 13/n
From the shear diagram of Figs 9-13, the shearing force Q. at a dis-
tance 4 to the left of the left face: of the interior column is ap-
proximately equal to 33 tons. The maximum diagonal tensile stress is
therefore

I= Q/0.87 bd =33000/0.87 x 100 x 62.5 = 6.0 xg/em®  safe.

Additionally as in isolated footings, punching shear should be ckec~
ked on & perimeter section a distance d/2 around the column. Of the
two columms, the exterior one with a three sided perimeter a distance
d/2 from the column is more critical in regard to this " punching
shear ", The perimeter is '

b =E{Eﬁ+52.51’2}+(HﬂirEE.ﬁ}=2191-E5+1ﬂ2¢551355315
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, being the colurm load mirnus The soil pres-—

and the punching force
sure within the perimetler, is

Q.P = 100 =0.9125 x 1l.025 x 20.45 = 100 - 19 = 81l ¢t.
Consegqueatly, the punching shear’stress on the perimeter section is

given by :

T,= @ /bd = Bl000 /285 x 62.5 = 4.55 kg/en’
Con=iderably less than the allowable value of 6 hgfcmz

The width of the transverse beam under the interior column can
now be established by the previous rules. It is given by ¢
b = 75 + 62,5 = 137.5 cma.

The net upward load per meter of the transverse beam is
180 / 2.1 = B85.5 t/m

The noment at the edge of the interior column is :
M =85.5x0.B52 /2= 31 mut.

Sipce the transverse bars are placed on top of the longitudinal bars,
the actual valus of 4 is o~ 60 ems,

and 60 = ky 7/ 31000 / 1.375 or k; = 0,40
For U, = 2000 kg/em® , O, = 52 kgfem® and k, = 1800
So that

A_ = 31000 / 1800 x 0.6 = 28.8 cm® chosen B& 22

=
Similarly, the width of the transverse beam under the axte -
rior column is 60 + 62.5 / 2 > 9] cms. and the required reinforce-
ment is & ¢ 19, . ,
The details are shown diagramatically in Fig. 9-1a,

Another Solution Using a Strap Footing

It is however poassible to support the columns on isolated foo-
tings, axial under the intermediate column and eccentric under the
exterior column such that it does not project beyond the property li-
ne. In this manner, the stress distribution will be unsven under the
exterior footing and tipping is liable to take place. To counteract
this tendency, the exterior footings is connected by a beam or strap
%o the nearest interior footing. Such a system is called a ™ Strap
f'ﬁﬂti‘ﬂg A= I'iﬁ. '9"1.5-

The footing areas must be so prn_nnrfiumd such that they sa-
tisfy the following two conditions &
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DETAILS OF A COMBINED FOOTING

The pressure under
each of the footin-
ga ia miform and
is the same under
both footings.

The centroid of the
combined area of
the two footings
coincides with the
reagultant of tha co-—
lumn loads, This con=-
dition can be satis-
fied after some trial
computions. The strap

is generally constructed

Pig, 914
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in such a manner that it will not bear directly on the soil.

This. new solution generally leads to less concrete gquantities
especially if the distance between the columns is relatively big.

In order to illustrate the design of this type of footing the
nain steps will be shown for the data of the previous example, assu-
ming the distance between the columns ie 5.0 ma.

The total load ineluding the weight of the footings can however
be assumed as in previous example 1l.e. N, = 308 fa

The total required bearing area is therefore 308/20 = 15.% m

The resultant of the column locada - 280 tons lies at distance
from the outer face of the exterior column equal to :z

(180 x 5.3 + 100 x 0.3)/ 280 = 984/280 = 3.5 ma.

The shown arrangement gives for the plain concrete footings un-
der intermediate column an area 3.15 x 2.8 = B8.82 m;.al
and uwnder exterior columm an Area 2.45 x 2.65 = 6,50 m

Total area = 15.32 m?

Their center of gravity lies at a distance from +the exterior column
equal %o ( 8,82 x 5.3 + 6.5 x 1.225 ) / 15.32 = 3.55m

The same conditions must alsc be satisfied for the reinforced
concrete footings in which case we have @

Area of R.C. footing under interm. column 2.656 x 2.3 = 6.10 n®
m " n "  axterior " 2.30 x 2.15 = _4.90 m°

Total area = 11.00 m

The bearing stress on the plain concrete footings igs therefore
given by ' 308/11 | = 28.0 t/m°

Their ceater of gravity lies at a distance from the outside face of
the exterior column equal to (6.1 x 5.3 + 4.9 x 1.176) /11.0 = 3.46ms

The previous calculation shows that the reguired conditions are
satisfied for the soil pressure and the bearing pressure on.the plain
concrete.

To compute the moments and ahears 1o the various parta of the
strap footing, it is first necessary to determine the intensity and
location of all external forces and reactiona. These are shown in fig.
9-16. Since the footing areas are so arranged that the pressu-e on
each of them is uniform, the resultants of these net presasures, R

a2
and Ei act at the centers of the respective footings. Assuming the
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Assume slab B cIE 4thick sssssssssssssnssnssnscnnns
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jde main girders. Assume concrete 0200 and’

Assume panelled beams 25 x 73 cms

Average load = 0,25 x 0.65 x 2500 (3 + 3) /9

Total load = 200 + 130 + 270 + 300

Load distrihutiun

'I.I-E.!.Eﬂm.l s l?f'l.::l.ﬁj

o= 0.76 &

1- -i

.ﬁ = QIE4

HEI Bt

load = 200 kz/o°
load = 130 i

270 -
w = 900 b

table 5=1 gives:

go that
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d = O.40 11 300 = &3 cms chosen €T 2= 50 cms

A, = 11300 / 1818 x .43 = 19.2 en® chosen 7 & 16 / m.

The details of reinforcements in longitudinal and cross direc--

tions are shown in Fig. 9=17-

9s) DISIGN OF A CONTINUOUS FOOTING

A) R d Continuoua Fo

the soil pressure can be asgumed as
iz statically determinate. The
ghown in The followings

I¢ the footing is rigid,
uniformly distributed and the problem
internal forces can be aasily determined as

exaTtple :
el asa souit
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Example :

It is required to design a continuous footing for tne three
columns shown in (Fig. 9-18) % assuming that the allowable bearing
stress on the soil is 1.5 kgf:m?.

The footing 4is composed of a rigid continuous girder, connec—
ting the three columna, provided with a flange to distribute the load

Total column loads = 100 + 150 + 120 = 370 &

-

Assuming own weigh of footing B8 % of total column loads, then
Total column loads plus own weight of footing = 1.0B x 370 = 400 ¢
Area of plain concrete footing = N, ! Gh = 400 /7 15 = 26.60°
It is chosen 11.00 ms, long and 2.4 ma. wide .

In order to have uniform stress on the scil, the resultant
of the column loads must coincide on the centrold of the plaim con-
crete footing.

The thickness of the plain concrete footing is chosen 30 cms
and the soil pressure being.1.5 tgfuma , then the reinforced concre-—
te fnqtiﬁg can be chopan 10.5 ma. long and 1.9 me. wide, giving a
net bearing preasure on the plain coneretea footing equal to

370 / 10.5 x 1.9 = 1B.5 t/m°

iasuming the breadth of the main continucus girder = 40 cma,
the bending moment of the foot slab at the face of the girder is gi-
ven by

¥ = 18.5x0.752/ 2 = 5.20 mt/m
Assuming O, = 50 kg/cm® and O, = 2000 kg/cm®, we get

4 = 0.40 5200 = 29.0 cmna chosen t = %6 cms and

A_ = 5200 / 1818 x .29 = 10.0 ecm® chosen 5 ¢ 16 / m

B
Intensity of pressure under main girder = 370 / 10.5 = 35t/m

The column loads being knmown, then the girder is statically determi-
nate so0 that the -bending moments and shearing forces can be directly
determined,

The girder behaves as a T - beam with an effective width of
.3 ma, or 4 times breadth of web = & x 0.4 = 1.60 ms. or X of
Epan 5/ = 1,25 we., fcr 5 m. epan and 4.5 / 4 = 1,12 for

4~ gpan whichewer is smaller.



e

mnarafore for the 5 m. Soan = 128 mt. and i 1.05 us,

ASSUTIOE DE = 20 tafnmz ;:: o, = 2000 tsfcmz y then

d = 0,347 3128 000 / 1.25 = 111 cms. chozen 120 cms
4, = 128 00C /180C x 1.25 = 33.5 cn® chosen 13 & 25
For the 4 m span

i, = 108 000 / 1800 x 1.12 = 53.5 ca® chosen 11 ¢ 25

May, diagonal tensile stress liea at a distasce d from the inner
face of the right column where Q = &46.5 3ToDS.

Therefore

Ty = @/ +87 B A = 46300 /.87 x 40 x 122 =11.8 kz/en®i.e.

web reinforcemsnts are reguirad.

Assuming that the max. allowable shear gtress which does not need bent
bara is & kgfcna , then the corresponding shearing force is given by:
Q@ = 0.87 x40 x1l2 x6 = 23400 kgs.

The zonea of high shear stresses are shown in (Pig. 9-151 heavily hat-
ched.

The details of reinforcements are shown in Fig. G=19.
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3. Contizuous Footins on Zlastic Foundaticn

The assusption of equal distribution of scil preasure gives gfe-
perally high internal forces ; the footing can however be solved &s a
beam on elastic foundation®™ if the characteristies of <the soil are
cnown as follows @

1) Choose the subgrade modulus k_, according to the kind of soil.

i

2) Determine the characteristic value n = 'If E /4 E I in whichs
T = b ln
b = econstant width of beam in contact with the 8oll
EI = flexural rigidity of the beanm

3) Calculate the deflections and internal forces for ths besm unier
censideration under the given column loads.

4) Complete the design in the normal DAAner.

The bending moments and the bearing pressure of the continuous
footing shown in (Fig. §-20) « treated as a beam on elastic foundation
will be given.

o #50 £ - Frey 4
| 4 K. o — T o S - _I—r]—

Pig. 9-20
Assume :ﬂ-5|:ycu-" and E = 200 000 kg/cmc

The moment of inertia of the section of the beam I = "514:2%11%'4
C:EEEﬂﬂG cm
and E=200 x5 = IDC'D

Ir.g_.r'mn
i
The characteristic value n = ﬁﬂﬂﬂfﬂﬂﬂﬂﬂﬂﬂx.ﬂﬁzﬂﬂED#ni.?ﬁflﬂﬂﬂm

= M, HILAL, Theory and deaign of reinforced concrete tanks.

SETENTI . Beams on elastic foundation. University of Michigan
Studies.



-5
S0 that
% x 1000 = 3.76 % " LE-E‘ w 1,80
gin oL = 0,580 8in aoL/2 = 0,553
coB ol = = 0.815 cos nl/2 = 0.304
coeh oL = 21.486 cosh oL/2 = 3.5353

For the two equal concentrated loada P = 100 tom at each end :

Deflection at end points : ¥, = ¥y = 3—£—“ - SeSR DR+ C08 B2 or

-il-Pn GD-EJ:I.—E EQE—E

Deflection at the !iﬁd.l.e t ¥ = "Einh oL + 8in o °F
4:1ﬂﬂﬂ:nzig=ﬁ A L%&l = = 0.073 cas

s:i.nhT 51:1%

hnﬂ.in;mt.tth-ﬂmun;rc.-_ﬁ st oy or

g

The deflection ]rn and hunﬂmg moment M, at the guarter point D ,
a distance x = 0,25 L. from one end and x' = 0,.75Lfrom the other end

are given by @

cosh nx of ' 1
i%.ﬂ " : nx ::ﬂﬂh%; cog nx i

lﬂﬂ__%_uinhn: nﬂn:l:' ++:1uh ' 8in nx

in which

For x=0.25 L =2% ¢m - 4 = 0.75 L & 750 om
nx = ¢462 x 250 = 0.9 nx! = €52 x 750 = 2.82
gin nx = 0.808 8in nox' = 0,315
cos nx = 0,990 cos nx' S B T
sinh nx = 1,085 gainh nx! = B8.359
cosh nx = 1l.475 cosh nox' = B8.418
S0 that

;mam:%ﬁ 1.475 x O Eﬁg 8,418 x 0.59
1000 -0B5 Eg £ 229 x 0.808
= _%T;E_ ., 1085 x 0,316 + B — 90, 53_1D§H:E=m

- 9‘9.5 mt
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For the concentrated load P = 150 ton at the middle =

oL aL
: cosi== co8
Deflection at end points : J, =J¥g = = i B . m—;—;?ﬁ or

7a =g = SEONS . W‘_ €3¢+ ) _ 0.055 cos

Deflection at the middle ¥, = H . %nﬂh % s gns AL + 2 .
150 000 x J. 486 = 0.8

vo = PIE A - & o B = 0.306 cm

P . cosh pL. = cos ol
T 5§ ~ Sinh oL + sSio oo

e W.%&%B—li - 106.5 x 10° kg.cm = 106.5 m.t.

The deflectlion Jp and bandiﬁg moment i, at the guarter point [ at

dax, bending moment at the middle : K, = or

a distance x = 0.25 L from the center line (x' = b =—x=0.75L )

are given by

Fn . v '
Yo R TR s sy com s Ans BED 4 ol M medR AR

— siph nx 8in nx' + 8in nx 8inh nx' + 2 cosh ox cos nx' )

1 000 x L
p = Zx I0O0 x < 0. ( = 1.475 x 0.949 + 0.59 x B8.418

= 1.085 x 0-315 + 0.B0O8 x 8,359 + 2 X 1.475 x 0.59 ) = 0.159 cas

and

My = FETETEE AT ISRy’ | siab Bx ( sin nx - ain axt )
- cosh nx ( coa nx + coa nx' }+si:£n.tr;ninhn:-uinhm:'}

+ cos oxr ( cosh nx + cosh nx' }]

B

Ky = rﬂ‘t,—qg—zn‘a'a'}”'lx ﬂm i r [1.555 (0.808 - 0.316)- 1.475 (0.5%0 - 0.949)

+ 5.808 (L.0B5 — 8.359)+ 0.5%0 (1.475 + 8.418)]

or

b —*-ﬂ..'?E.IlﬂE ED-E’}“"“' D.Eﬁﬂ-S‘EE+E.E?}=E:1ﬂ5 IE;“HE:I'E
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The results of the previous calculations are given in the following
table and Fig. 9-21,

Section at Middle C | Quarter D, Edges 4 & B E
Settlement | P at edges | - 0.073 C.l28 0.745 |
¥ F at middle| 0.306 0.159 '= 0.055 ‘
o exe total 0.233 0.287 0.6%0
Etﬁ:;_ﬂi.n = K, Feor " 1.165 1.435 3.45
Eg/cm :
Yoment P at edges | - 77.4 - 90,5 -
M P at middle| + 106.5 + 6.0 -
n mt total +_ 29.1 - =5
.-

.Efff emant -ﬂ-‘.:‘

4 -l

dl ”m l

.-.ﬁl o
The marimum bending moments are .-ca 2/3 the values of a rigid
beam, which means a big economy. A depth of 1.00 m for the main Eir-
der is sufficisnt and the main high grade tension steel is therefore.

A, = 85000 / 1800 x 0.92 = 51 cm® chosen 10 ¥ 25

The details of reinforcements are similar to those shown in Fig. 9=19,

The solution of the girder as rigid leads to about 20% increase
both in the steel and concrete guantities,

9.5 RAFT POUNDATIONS

Under poor soil conditions and in buildings that must have a

#- . D.

“lh. :

i,




~399-

water tight basement, it is sometimes desirable to support the "'é;tj:e
structure on a single reinforced concrete slab. 3Such a foundation is
often called a floating or raft foundation., It may be constructed as
an inverted flat slab with or without columc heads or of the beam and
girder type as shown in Fiz. 9-22.

il
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m.-ﬁﬁ"'f;{r’ o
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Wf .r*ézﬁﬁf.—ﬁf Jﬁﬁ'ﬂ-}?ﬁ" ﬁf;ﬁ’f;ﬁ’;ﬁé’

e
-‘rl.*

Fig. 9=22

The uniform distribution of pressure under isolated footings is
a normal assumption and leads generally to acceptable results, where-
as it may lead in long continuous footing and raft foundations to
very uneconomic solutions.

The mnslysis of a raft® includes many complicated problems which
cannot be easily solved.

The main problem is the relationship between the stress O <o the
soil and the posaible compressibility y which does not depend oz the
subgrade modulus k only i.e.J =k ¥y as was generally assumed in The

= Beton Ealender 14958
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classic theory, but, as has been found, it depends further on the spear
modulus and the shear resistance of the soil. 4s a result of these
1£5t factors, unloaded Zzones around the loaded arca will be stressed
and compacted. The characteristics and thickness of the different com—
pressible layera under the raft, to a minimum depth equal to the brea-
dth of the building, are governing factors. If the layers are inclined
the Tactors included in the analysis are much increased.

The stresa distribution depends also on the rigidity of the su-
perstructure.

it has also been found that the soil pressure is generally not
uniform under uniformly distributed loads due to the possible distri-
butlion of the pressures inside the soil.

The settlement of sandy layers
under unifermly distributed pressure is
not uniform as shown in (Pig. 9-23 a). .
If it is required to have uniform sett-—
lement then the loads must be heavier
at the edges. We arrive to the same
result if we have a wvery rigid super-
strucmru_z ( e.g. f‘ reinforced concrete Fig. 9-23
8ilo) giving a uniform settlemant, the
soil pressure will be bigger at the edges even under uniform load as
shown in (Fig. 9-23 b) If the loads from the superstructure are dis-
tribubed in the same manner as the soil preasure, then the raft ie not
8ubject to any moments, Accordingly, we arrive to the following con-
c¢lusion 3

If 1t is assumed that the soil pressure under a riegid raft is
uniform then the corresponding dimensioning will be on the safer side
if the loads are concentrated towards the edges and on the unsafe side
if the loads are concentrated towards the center,

Rigid Footings

It is however possible to assume that the Boil pressure is lin-
eéar in cases where the exact analysis does not lead to appreciable eco-
nooy. This is the case in relatively thick footings and in statically
determinate cases where the column loads are independent from the alas
tic deformation of the footing, e.g. the foundations of a tower accor-
ding to Fig. 9-24 a, b and c.

Io the following we will discuss the behavior of a square raft
supporting four corper columns - case a - or a aquare reiaforced con-
crete will - case b - calculated ucder the assumgtion of licear stress
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distribution. The actual stresses — shown dotted - will be at the ed-
zes much bigger and generally exceed the allowable values.

Accordingly, the actual max, values af the bending moments at
the center are smaller than the assumed. At failure the sand grains
under the edges move horizontally outwards, the soil stressea will
tend again to be uniformly distributed and conform with the fundaren-
tal assumption of the design.

Case ¢ behaves in a different way because the loads concentra-
te towards the center ef the raft. If the marimum cantilever moment of
cuch & raft is calculated on the basis of a linear stress distribution
then the real moment due to the actual stress distribution will be much
bizger i.e. the actual maximum stress at the edges will be bigger than
the allowed values end the section of the raft will be under-dizensio-
ped. It is therefore recommended to treat this case by more exact
methods although a redistribution of the moments may give accectable
results with a bisger possibility of cracks on the lower surface of
the raft. For the design of rafts as that shown in case ¢, the inter-
pal forces in sections parallel to the edges and diagonal sections are
to be considered.

In rigid foundations, it is gemerally allowed to calculate the
internal forces over the whole cross-section and %o distribute the
reinforcements uniformly.

It ‘.tl however allowed to consider the foundations of relatively
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long structures supported on thin rafts or even on isclated fiotings
as rigid if the structure itself is rigid €.g. & 8ilo as that shown
in Fig. 9-25.

I

DT

!ffiilw
Pig. 9-25 Pig., 9-26

It is a comuon error, that the stress O under the footings of
such structures is calculated from the relation o = P/AL where P is
the column load from the superstructure, because the soil pressaure ,in
this case, depends mainly on the total load of the structure. Due to
the big rigidity of the structure, the vertical displacement of the
different footings will be the same and the soil Pressures will be
nearly equal if we disregard the pressure increase towards the edges,
In this manner, the downward loasds are not equal to the upward reac-
tions Fig. 9-26 a. The difference shown in.Fig, 9-26 b creates ben-
ding moments in the superstructure. This can be explained as followsa;
dssume that th® shown silo weighs 60 load units +then each of the
four intermediate columns carries 12 units while each of the exterior
columns carries 6 units. If we assume further that the soil pressure
under all footing is the same and that they have egqual areas then the
upward reaction from sach footing will be equal to 10 units. The ben—
ding moments due to the difference between the downward loads and the
upward reactions must be resisted by the superatructure. If such ben-
ding moments are neglected cracks miy be developed. The internal stres-—
ses will however be bigger if we assume that the 8oil stress under the
outside footings im bigger than that under the inaide ones.

Considering these additional stresses leads t0 an uneconomic
Sclution and a study of the possible Bettlements gives a better solu-
tion,

4 load P is uniformly distributed over a circular area of
radius a. The soil pressure due to this load will be diastributed in-
side T..e 30il in the form of a frustun of & coze izclined 45° to the
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horizontal as shown in Fig. 9=27.

The pressure O, at any depth =x

is therefore given by :
U';.-:PIT[{-.+:]E

Elements above the frustum are not
streassed and follow, without com-
paction the movement of the frust-
um.

The settlement w of a point at Fig. 9=27

a distance r from the center of

the load is equal to the compaction of the frustum below X =T - a.
If the total thickness of the compressible layer is8 t , we get

!

r=%t
B g ax/E=P/WE . '] dx /. (a + x)°
X=r4a ria
in which E is the modulus of elasticity of the soil. Pherefore

P 1 £ a+t
vag (F-gg)fore {;..

Cuteide r =a +t, w =0 while under the load, the settlement W,
is equal to w for r = a , bence

P t
The pettlement w, under a load Pﬂ is increased by any loada Pi

that act within a distance egqual to r = a, +t

1
Yo " E a{,nﬂ+t}*z'i{ri _li"'t}]

In which i is a figure indicating all footings that exist within
a circle of radius a,6 = %. In order to simplify the calculations
the dimensions of the neighbouring footings may be meglected. Hence,
according to Fig. 928, we get 3

Pt Py 1
MEw=gTraseT *L 5 - 825 C4)

In which



w =
P =
A -
F.i--
Iil
t =
E =

504 _

Fig. 9-28
settlemant of footing under consideration
load
radius
load of neighbouring footings whcse
distance ry L a+t

thickness of compreassible layera
modulus of elasticity of soil

For determining the reguired areas of the footings of a rigid
structure, one can proceed as follows : :

1) Determine the area of the middle edge footing for the allowa-
ble soil pressure, from which one can get the required wvalue of

B

2) For this footing calculate the valus of n E w according to

egquation A.

3) For the neighbouring footings choose ™ a ™ such that they give
the same value for % E w.

Solving equation A4, we get @

in which

s = V2 /4 + @ - /2

] (B)
I

; p.
=Pt/ ( nEw-71 F;'"'LEPL}
i



Example =

The columns supporting a silo are arranged as shown in figure
9-29. °

The loads are 3z
on middle footing 200°

on outside il l.'L51=
on  corner L Eﬁt
ASsSume t = B m

allow. soil pressure
O= 30 'l:.r"mE

We determine first the

area of footing 1 for

the allow. sSoil stress

Ty thus :E'is- 9—2‘3

Ay =Py /O = 115/30 = 3.83 m® or a, = 1.10 m.
According to eguation A, we get for this footing :

nsw= X8 +a[l__!;-i+§5“'i*am-}_ (2x115x3x200) = 131 t/m

According to equation B, we get e.g. for footing 2 1:

mnam:af[ul—{e%iq-a +4;-}L2:)* ( 2x115+2x20C+
a x 115)] = 1600 /(131 = 191 + 136) = 21.1

a,=Ve?/as211-8/2 =. 2.09m or A, =13.73°
The soil stress under footing 2 is given by 3

EE = I%%g" = 1l&.6 tfn? much smaller than cgll = 30 tfﬂg

Similar caleulations for the other footings lead to the following
results

Foot 1 2 3 4 5 =
g t/m 30 15 34 17 &8 37
The different footings will be subject to the same settlement
under the stresses shown in the table.

There is however no danger from the high stresses under foo-
tings 5 and 6 8o long as they correspond to the same settlement
as the other footings. .

#nen caleculating the settlement due to the total load of the
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silos, oaly half the dead weigat of tone footings iz to be considered.

A building with masonry longitudinal and cross walls may be
considered as a rigid building evan if it is comstructed on a relati-

vely thin raft.

zafts Under Slastic Structures

In an ideal elastic structure toe settlements of the raft fol-
‘ow the deflection of the structure. This ideal case never exists.Ihe
srotection of the weak structural elements due to such deflections 1s
possible by taxing the convenient meacs. For example, in elastic sce-
leton buildings built en medium soils, not to build tne walls befors
finisaing the other dead loads.

The exact calculation of an elastic raft is not existing and
very complicated. The solution nust prove the squilibrium of the for-
ces and the stability of the structure. It is extremely difficult to
satisfy the deformation conditions.

Due to toe big factors included in the problem, it is not pos-
sible to say that an exact solution gives results nearer to the actu-
al behavior of the structure than a reascnable ap,roximate solution
governed by practical sxperience.

Jhen a complete raft is assumed as elastic, tois does not mean
that it is aot possible to divide it into rigid strips as will be as-
sumed in the following approximate solution.

The raft shown in (Pig. 9-30). is assumed to be divided to ri-
gid strips under which the stress is linear but may vary from panel
to panel. According to this assumption, we will have equilibrium bet-
mzen the loads from the columns and the reactions from the raft but
the deformation conditions are not satisfiad.

For the design of a raft foundation in tne form of an inverted
flat slab one can proceed as follows ; PFig. 9-30.

1) Divide the slab into strips of breadth b.

2) Distribute the load P linearly on the area a.b ; where a is
the distance between the centers of the panels.

3} Determine the tending moments in any row of coluuns assuning bin-
ges at the middle of the spans. This is to be done for both di=
rezctions of the slab.
If we design the slab Ifor these mooents then the bearizng capa-
citr may be sazviafisd bus toe dzlorzatica coaditicas ars nogr Tu fllied
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Fig. 9-30

because the whole slab will be subject to tenslle stresses on
the lower surface and hence must deflect in a form (concave up-
wards) which cannot be the case in long slabs.

One can however assume that a Inns elab of egqual spans and
subject to equal column loads deflects in the form shown in Fige
9-31 ; flat in the miidle part and concave upwards for a length
equal to the thickneas of the compressible layers below the raft.

In the straight part, shift the closing line of the bending mo-
ments suech that it passes through the lower third point of the
connecting moments. In the curved part, length +, the closing
line remains unshifted or even shifted downwards.

The resulting bending moments are then distributed between the
eolumn mnd the field strips according to. the known principles of
flat slaba.
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Fig. 9-31

For raft foundations of the form shown in (Fig. 9=31) one may
assume that the upward soil pressure acting on the slabs is equal to
the average stress of four corner columns.

== =1

AN\ N /NN W4

Fig. 932
The moments on the beams may be determined according to the
principles given &s an explanation for Fig. 9-51.

The typical reinforcement of a continuous beam with approxi-
mately equal spans supporting a raft is showm in Mg. 9=32.



9,6 DESP ISOLATED FOOQTINGS (Fig. 9=33)
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Fig. 9=33

Jz

If the incompressaible il.rtrl are deep ( &4 +to B ms. and some-
times more) and it is poasible to excavate to these layers without dif-
ficulties one may use deep isclated footings as shown in (Fig. 5=33).
In ordar to reduce the costs of ths foundations, ones may replace a
part of the excavated soil by consolidated sand as shown in Fig. 9=33a.
In cases of fill or 1arr weak soils such layers of sand must be sta-
bilised by adding 100 kgs. cement to every cubic meter of sand in
ordar to prevent any lateral movement under the column load. In nor-
mal cases, the pit under the footing is filled in with plain concrete
composed of 1 r* gravel or broken stones ¢ 0.5 » sand ¢ 200 kga.
cement. The price of the column per meter being generally smaller than
the corresponding price of the plain concrete, it is recommended to
£i11 the pit with plain concrete to such a depth that the reinforced
concrete footing can be easily constructed and concreted ( say 2.5-
3.5 ms8). In such cases, the columns must be connected by semelles
at ground level to reduce their buckling length to reasonables limits
(Fig. 9-33bl.

9.7 FILE NDATIONS

If the incompreassible layers are deep and it is not possible to
excavate for the foundations to these layers, pile foundations may be

used.
It is recommended to use bearing piles transmitting the load

of column to the incompressible layers by bearing.
In buildinzs, gemerally cast-in-situ plain concrete, hand or
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mechanical pilea are used,

The bearing capacity of the pile is egual to the area of cross-
section of the pile multiplied by an allowable r.'nmprasslve streas s
varying between 30 kgfcn; for hand piles and 40 kgfnn for muchani:al
piles. Thus

For hand pilea 25 cma diameter, the bearing capacity = 15t
" " 0 " " " n n = E':}t
L. 4} m L] L i L " - "'I'ﬂ = 451;
- - 45 ™ " L] L " = 45 - 5gt

The bearing capacity of mechanical piles is to be checked by tha
refusal (the downward movement of the ateel pipe a8 a reault of the
ten final strokes of the hamner measured during the driving process )
of the pipe. If the pilea reach an incompressible sand layer, the re-
fusal is generally smaller than -~ 2.5 cm.

Load tests for 1.5 timea the pile load, made according to sphei-
fications give a further guarantee.

Every column or group of columms is supported by a group of piles
placed symmetrical to the centroid of the load. The spacing betwesen
the piles = 2.7 to 3 times pile diameter. The load is transferred
from the column to the piles by a pile cap.

The pile cap must be as near as possible to the ground surface.
Its top surface 1a generally chosen ca 10-20 cms. below ground. The
8ize of the plle cap is determined by the required number of piles and
by the spacing between them. The topa of the pilea must be securely
embedded in the cap. For this purpose the bottom of the cap is located
oot less than 7.0 em below the top of the pilea, and the distance from
the center of ocutside piles is to be made not less than + /2410 to 20
cmA, whare ¢ is the diameter of the pile. The bottom reinforcemant
mesh is located at & distance of 3.0 cms. above the tops of the piles.

It is recommended to reinforce the upper 2.0 ma, of cast in situ
piles by 5 ¢ 13 /m longitudinal bars in order to connect the piles
with their cap. Such bars must protrude a distance 40 = 50 cme, inai-
de the cap as shown in (Figs. 9-34 to 9=40).

It is further essential to break the upper 30 - 40 cms. of the
sile and to construct the pile cap on a clean rough surface of the pi-
le that is free from any fill impurities and with the connecting 13=m,
bars protruding from the pile.



Desipn of Pile Caps
Ca: or 3 1 &

It is not reconrmended to use a single
pile under a column except in apecial cases
of relatively light loads because if the axia
of the column is not exactly coinciding om
the axis of the pile, a matter thet can never
be guaransteed, bending moments may be created
in the pile. A8 cast in situ pilea are made
of plain concrete, they cannot resist any ap-
preciable bending moments. For this reason it
is absolutely essential to connect single pi-
les by semellea, arranged in two perpendicu -
lar directions, which are capable to Tesist
any eccentricity between column and pile axes
by bending in the semelles and not by bending
in the piles. Fig. 9=34

The cap of a single pile is a reinforced concrete prism having
a 8ide dimension equal to ¢ + 20 cms. and a depth egual to 50 - 60 cms,
reinforced by 5 closed stirrups ¢ 13 mms. in each direction as shown
in (Fig. 9-34), |

Gaz for ™o P a

If the effective depth of the cap is __
Bmaller than half the spacing between the
plles; it is deaigned as a s mple beam sub-
jeet to a single concentrat:d load in the
middle of the span L. The losd can be as- : %” :
sumed as distributed on & length ( a + 4 ) - : h
where " a " is the side length of the column | :
The critical section for bending is that at
the face of the column. The marximum diago- :
naltensile stress liea at a distance d from i !
the face of the pile.

The cap is in this case reinforced by
longitudinal main bars and vertical stirrups
satisfying the requiements of beama. Fig.
S=35.

If the depth d' ( = 0.8d ) is big-
ger than L/2; the tension in the pile cap
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can be determined by direct resolution
of forces as shown in (Pig. 9=35), The
effective depth is chosen here equal to
d' = 0.84d for thea following reason:
de have a conatruction joint which
cannot reasist any horizontal forces at
the top aurface of the pile cap, but due
to the change of direction of the force
from vertical ( for P/2 ) to inclined -
{for €) a borizontal force H, that needs
some concrete to resist it, is created.

The loogitudipal reinforcement
A, = T/0, . Due to the tension trajecto-

riea horizontal stirrups along the wverti
cal sides of the cap of total area A7

are

to be arranged,
where

A} = T/4 O Fig. 936
Vertical astirrups with & minimum area of cross-section of 0.15%
of the cross-section B d are to be arranged

Example

Design a pile cap for a column supporting a load of
a) &0 tons and having a cross-gection of 30 x 40 cms.
b) Ny = W= L H " 40 x 40 cms.

Assume plain copncrete cast-in-3itu piles 40 cms. diameter and
45 tons capacity . Use concrete C200, and normal mild ateel for the

reinforcements.

Humber of piles = 2 for both cases, apacing i L = 1.10 m.
Hence,

Total length of pile cap = 1.70 m and total breadth: B = 0.60 m.

Case a 1 P = 60 tons

Assume total depth of cap = 5% cna,
Thearsefors i

d= 55=-10 = 45 cms £ L/2

Hence we use the beasm method for the desiga of the cap. The load P=50
tons is assumed to be distributed oo a leasth of &40 + 45 = E5 ecas.



4] 3m

and on the full breadth of the cap.

Intensity of load w = 60 / 0.85 = 70 t/o'

Heglecting the effect of the own weight of the cap, the bending mo-
ment at the face of the column due to its load is given by :

M = 30(0.55=0.20)- 70x0.25°/2 =10,5-1.8 =8.7n t
85 = i Vam;n.ﬁ hence k, = 0.373

For ﬂ'a = 1400 Ep"mn‘z a = 0

we get O, = &9 tsfcma E = 1240

A, = 8700 /1240 x .45 = 15.6 cm ¢hosen & @& 22¢
choosingfor the vertical stirrups 5 ¢ B8 mm/m of the ] - form, then
L,= 2X5x0.5 = 5cn =ﬂ.15;3d:ﬂ.15:5n:45;1m—;_5¢n3

No diagonal tension is lisble to take place, because the critical sec-
tion at a distance d from the face of the pile lies inside the co-
lumn.

"R B

Case b 3 P = 90 tons
Assume total depth of cap = 70 cms
Therefore : d = 70 =10 = B0 cms and
d' = 0.84 = 48 cms
Purther L/2 -a/% = 55 - 10 45 cms < d4' = 48 cms
Hence € > 45° and

the tension in the longitudinal reinforcement of the cap can be de-
termined from a triangle of forces (refer to Fig. 9-35),

T/ B/2 =(L/2~-a/4) /a or
T/ 45 = 45 / 48 or T= 42 ton and
Ay =T/ 0= 42/ 1.4 = 30 cn° chosen 6 & 25

area of cross-section 4; of horizontal bars along perimeter :
Al =A /%= 30 /4  =7.5cm" chosen 3 horizontal stirrups

giving an area A2 =6xl.32 = 7.9 cm® B S,
choosing for the vertical st 63 B mn/m of the [1 -form, then
A,=2x6x0.5 = 6.0 e > 0.15 x 60 x 60 / 100 = 5.4

In order to resist the possible bending moments due to any ec-
centricity between the column axis and the axis of the piles, it is
essential to comnect pile caps ror two piles by asemelle along their
shorter direction.

Caps for any nusber of piles can be caleculated according to
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one of the two above-mentioned methods depending on the spacing and
number of piles, the thickness of the cap and the magnitude of the an-

glea o .
If the thickness is small and ¢ is smaller than 45%, the beam me-

thod is used assuming that the column lecad is distributed on an area
(a +d) (b +d)., fhereas, if the thicimesas is big and the anglea >45°
the tension in the cap and the corresponding tension reinforcement is
determined by direct resoclution of the column load. The reinforcement
in this last method is arranged in a circulage form and is accordingly
called "™ the circulage method ", It can be conveniently nsed for caps
on 3, 4, 5, 6 and 7 piles arranged symmetrically with respect to the
column.

In caps on .three or more piles, the punching shear on a perimeter
section 4 [E a+4d)({(b+4d )]:m.wt be checked.

THE BEAM METHOD

|#

Fi'u"l- Q=37
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The bending moments are to be computed at the face of the coluan

for section A-i and B-B with the concentrated pile loads acting up-
wards and the column load distributed on an area (a + 4)(b + 4) act—
ing downwards., In computing the shearing forces, the pile load is to
be assumed as uniformly distributed on the area of cross-section of

If in any section under consideration, the main tension reinfor-
cement is not arrenged normal to the section = e.g. section i-4A in
the cap for three piles, only the component of the area of steel nor-
mal to the section can be assumed as resisting the moment, i.e. I1f
the moment on section A=A is ¥, then the required area of cross-sec.
of the tension steel is given by: A =M / ¥y O;+ Reinforcement
is placed parallel to lineas comnecting the center lines of the piles,
i.s. inclined 30° to the direction of the moment., If the area of
cross-section of the steel reinforcement parallel to any slde 1s ‘Lal,

than:

A = A, /2 cos 30° = 0,58 A "FQ P\
It is however possible to arrange the rein- -
forcements in the form of a rectangular mesh as Sttt
shown in Pig. 9-38 provided the above conditiom W\
is satisfied for any of the sections B-B. i
Fig. 9-58
Zxample

Ithr.quixﬂtuﬁnignnpﬂtmfnrn#ﬂ:ﬂﬂmcﬂm.
caminszlﬂtmuthlpﬂnmﬂﬂmwarmdhavingncnp—
acity of 40 tons. Use concrete C200 and high grade steel for the main
reinforcement.

Solution

Assume that the ownweight of the pile cap = 10 tons, i.e.
Total load on piles = 230 + 10 = 240 tons so that the column can be
u@pnﬁuﬂhrni:puan.ltthqmmﬂmm:mnhmn
m.%}?ﬁﬁdmmmmmmpﬂ“ullmm"thun

the total length of the pile cap is 290 cms, and

- " breadth ™ " " m m 180 cms,.

Assu=ing that the total depth of the cap is 85 cms ; then the theo-
retical depth d may be assuned egual to 75 cas.
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The column load will be distributed on an area (a + d4) (b + a)
or fiﬂﬂ +I?5 } { lw +* -?5 } = 1155‘ X -1---15 = l-?ﬂ

load imtensity w ‘=230 /1.78 = 129 t/o°
Bending moment at section B - B
dus to pile loads : ?.?:Eﬂﬂﬂ = 56 mt
dus to own Wweight of cap” 2.5 x 0.85 x 1.80 x 1.05° /2 = 2.1lot
due to distributed column load 129 x 1.15 x 0.375% / 2 = 10.4 "
So that the bending moment at section B - B is
56 = ( 2.1 +10.% ) T = 43,5 "

Shearing force at sectiom CC 3 240/3 - 1.8x0.55x.85x2.5 = 77.% ©
Dimensioning =
75 o= g 1/435&311.3 i.e. t:l. = 0.485 so that
For g = 2000 tsfcdz a = 0. we get

a, = 39 kg/cm— and k, = 1850
A = 43500 / 1850 x 0.75 = 31.5 om® 12 & 19
The diagonal tensile stress is given by

- = 77900 / 0.87 x 180.x 75 = 6.6 kg/cm> accepted
The punching shear stress is !

T, o= 230000 / 2 ( 155 + 115 ) 75 = 5.4 kg/cm® vate
Bending moments at section A4 - 4 3 '
due to pile loads = 0.35 x 200/2 = 42 ot
dus to own weight of cap = 2.5 x 0.85 x 2.9 x 0.7° / 2 e 1.5 mt
i to dlstsiiated solmin out 129 & 195 = 0375 £ & = 1%.-mt

So that the bending moment at section A4 - 4 18 given by
42 = ( 1.5+ 14 ) = 26.5 =t
Ehuﬁrin; force at inner surface of piles
Q = 280 /2 - 2.9 x0.55 x0.85 x 2.5 - 129 x 1.55 x 0.225 = 71.6

Using normal mild steel for the cross reinforcements, then
xa-zaﬁm;:.:un:ﬂ.?;-asuz 14 & 16
The diagonal tensile stresses are safe .



Proceeding in the same way as for caps on two pilea, we get
For Cap on Three Piles (Fig. 9=39)
5/ rear ;?1'?.—:1.121. and T, = A 0, =T/y/ 3, ' = 0.8 4 or
A,=PL/9 0,4

Example 1
A column 50 x 50 cms carrying 140 tons on 3 piles ¢ 45 cms spa-

cing 1.20 ms. Assums O, = l.4 t/cm".

For @ =45, L =1.20ms8, x = 0.12L = 0.12 x 120 = 14.4 cms
d' = 0.84d =L/v 3 - 4.4 = 120y 3 -l4.4= 69.4 = 14.4 = 55 cms, then
d =55 /0.8 =69 cms and t = 69 + 11 = 80 cms
Long. reinforcement A, =P L /9 U'a,ll or
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A, = 140 x1.20 /9 x1.4x0.59 = 19.3 em® chosen & ¢ 25
eross reinforcement .l; = 4, R or

1; = 19.3 / 4I = &.80 em® chosen 3 closed horizontal stirrups ¢

10 mm

Puno-ing shear ‘I:p = P/ 4 ( avd) 4 or

T, = 140 000 / & (50+69) 89 = 4.3 kg/cm® safe.
For a Cap on FPour Piles (liﬁ. 980}

F T = 4t L -] T = 0

= / - = 1 s '8
™ / Y 2 g

Assuming 8 / % = 0,15L , we get

.lﬂ-uPI-fH U'LE

For L = 1.10m and @ = 45°%,
xthun d =77 cms and £t ='90 cma

If P = 180 tons ma;ul.utgunz
then

A =180 x 1.1/8 x 1.4 x 0.77 = 23 eu*

8
chosen 5 & 25

For a Ca Pive Piles (Fig. 9=41)

gf![' =d"/.85 L =x, T,=A, O, = 0.85 T
Assuming 4" = 0,84 and x = 0.17 L , _

wa get : B = Sk
.l_n::PIrf'? ﬂ'ﬂ

For & Cap on Six Piles  (Fig. 9-42)

'EII'::-I!'!I-—:.T]':AE Og = T o : =

Agsuming 4" = 0.8 d and 2 =0.21L

e get &

j.ni.PLj'E ﬂ-"d.

——e

For a Cap on Seven Diles 1 L _{
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Hence the minimum depths and the corresponding reinrbrcnmnntawﬁ
according to this method are as follows : '

L

liumber | Diam, Load. | Total |Spacing| Total Beinforcement
of of - per load between| depth AE in em2
Piles Pile Fila on Gap Files t =
cms | tons | tons | ems cun_ [Fysled | 0ge2.0
7 3 4 3 e
2 Piles| 3¢ %0 60 160 &5 2174 15.0
40 Ty 80 110 70 29.0 20.0
45 50 100 120 75 36.0 25.0 -
- 5-
P Files| 3z 30 90 100 70 12.8 8.9
30 40 120 110 75 16.7 11,7
45 50 150 120 80 20.8 14.6
o) B | B |8 | B 2|83 | 5
Plles| 3g 30 120 160 85 | 15.3 10.7
40 40 160 110 90 20.7 14,5
45 50 200 120 95 26.0 18.2
2 |8 |8 | B 8|29 | 52
P Plles| -3¢ 30 150 160 100, | 1s.0 1206
S 40 40 200 110 110 24 16.8
45 50 250 120 120 29.4 20.6
25 15 90 75 50 10.7 75
E Piles 20 20 120 o0 - 105 14,3 10.0
: 35 30 180 100 115 21.% 15.0
40 40 240 110 125 29,0 20,2
45 50 300 120 - 135 35.7 25.0
25 15 105 75 90 10.7 7.5
7 Piles| 2© 20 140 90 105 14,3 10.0
35 30 210 100 115 21.% 15.0
40 40 280 110 125 29,0 20,2
45 50 350 120 135 35.7 25.0

Zffect of Horizontal Forces on Piles

1t is recommended to resist horizoatal forces acting on a group
of piles by semelles at the top of lewel of the piles, because the
lateral displacements that are liable to tawxe place due to these for-
ces are relatively big. Further, tension cracks in the piles due to
benditg momests may cause undesirable attacss on both coacrete and
steal cresated by ground water. .

Zaxiins mozeats ard loteral disslace-snts o2 siles due T
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horizontal forces can be eatimated as follows : ( Fig. 9=43),

The foundation modulus k'n dus
to horizontal farces may be as-
sumed egqual to 1.00 kg/cm’ .
If the diameter (or side length)
of the pile iz 4, +then

k:knd. E-

For all pile diameters one may S
1
1
i
|
|

i

s
:{'\

il

assume k = 30  kg/cm

1
J

The characteristic length is — .
ziven by = Mmax AL [z
l= u/a =7 8.M.D. dvete
where o is the characcveristic o =,
value B S ==
2= VRIT
30 that Fig. 93 -

q
L\y/eEd
E = 200 000 kgfu:lz is the modulus of elasticity of the concrete

in the pile, and
moment of inertia of pile section.

If it is required to have no tensile stresses in the pile,then
the eccentricity e from N and M must be smaller +than the

. H
[}

core distance ¢ of the pile section i.e. e c .
e=23_/N=xH. L /35N

For a square pile-section ¢ = d4/6, I = d' /12, and.

uF g a/2d =% /388 = 2 73 x 307200 000 = 0.073

For a circular pile-section ¢ =4/8., I == d’* / &4 ,and

4 4 i
H/H £ 34/8 I = -g- 1 16 k/nNE = a- 'p/lixiﬂﬂ.luxamﬂmn 0.052
For e = ¢ , the stresses at the extreme fibers of the pile are

a = 2NA epd CT. = 0

Jheréd
A = area of cross-section of pile.

* G. Franz " Zonstruktionslehre des Stahlbetons.” Zweiter Band
Trazwerde,Springer Verlag. .
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This means that for a hori=zontal for=e H &#0.06 N, the coopress-
jve stresas in the pile will be doubled and the tensile stress is =acual

to zeros
The horizomtal displacenent a2 HS ks,
Accordingly, the maximum allowed lateral force H on plles must be

gmaller than @ 5% of the normal force N; otherwlse, use inclined piles
or arrange semelles capable of reslisting these forces, in whizh case,

the horizontal displacement is much reduced as shovm 1in Fig. 9.

.|'

i

X

U

HIl

Fig. 9-44
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10.1 Functions and Types of Hetaining Talls
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&= Puttressed wall

Fig. 1C-1
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those masses assume their natural slopes.

Free standing retaining walls are of wvarious types, the most com—
mo.. of which are shown in Fig. 10-1.

The gravity wall (Fig. 10-1 a) retains the earth entirely by its own
weight. Plain concrete or even masonry constitutes an adequate mater—
ial. Design is then concerned chiefly by keeping the thrust line with-
in the middle third of the cross-settion, so that no tensile stresses
are developed in the section of the wall on its back.

The reinforced concrete cantilever wall (Fig. 10-1 c) is a reinforced
concrete wall that utilizes the weight of the soil itself, on the heel
of the wall, to provide the desired stability. Usually, stem, toe and
heel are each designed as cantilever slabs.

The breadth of the base b should be 0.40-0,680 times the height h
of the stem. In case of heavy surcharge or weak soils b may be bigger
than 0.60 h. The length of the toe may be from 0.25-0.80 of the hase.

Proparty rightse or other re-
strictions socmetimes make it ne-
cessary to amit the toe of the
wﬂl as shown in case ﬂl -of Fig.
10=2 or to omit the heel as in
case C, of the same figure. Fig. 10-2

The disadvantage of case C, is that, if the length of-the heel is
not sufficiently big () 0.50 h) the stress on the soll at O may be ex-

cessive,

(Cq)

Heal

It is usually difficult to attain the stability of a wall as that
shown in Fig, O, and to keep it from sliding if the height is great ,
because of the fact that the stabilizing dead load is small.

fae semipravity wall (Fig. 10-1 b) uses very light reinforcement and
is intermediate between the gravity and the cantilever typas.
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The counterforted wall (Fig. 10-1 d) has intermediate wertical ribs
on the earth side called sounterforts. This is adventageous for the
relatively high walls because the counterforts can be heavily :ei'n:ur—
ced so as to act as sugports for the stem and the heel, really trans-
f£arning the last two parts Ifran gimple cantillevers into continuous
slabs which are supported by ths counterforts. although the stem ard
+he heel can be relatively thin, the extra formwork and detalls may

offset the economy in matarials.

mhe buttressed wall (Fig. 10-1 e) is like the counterforted wall with
ﬂummﬂmtniﬁaﬂm“usmmsthcsm general functions

as the corresponding parts in the counterforted wall except that theis
pibs are maizly in compression and not in tension as .i.u the previous
~mse. Such & wall may be built with an inclined slab as shown in #Meg.
10-1 a).

gantilesver walls are eccacnical for heights £ @ 5 ms, while count-
erforts or buttresses are preferred for greater heights.

A retaining wall must be safe against sliding which requires that
the frictional forse between the lower surface of the base erd the
soll must be @ 1.5 times the horizemtal component of the earth press=
ure, In critical cases, the use of a key as that shown in Figs. 10-1 d
and 10-2 may be recommended. '

10.2 Earth Pressure™
‘In their physical h-hnv:l.nr, soils and other gramular mAsSSes OCCUpY

npnniﬂmiﬂhmﬂiaﬂbahmuquiﬂnmdsnﬂ.ﬂ if a pit is dug in
sand, ite sides maintein themselves in a stable position subtending
with the horizomtal an angle of repose whose tansent is roughly equal

to to the coafficient of intergramular friction. If the pit is dug in
glay soil, its sides can usuall_g be made vertical over considerable

= 'Desisn of Concrete Structures' by Winter and others.Published by ile
Graw-gill Bock Coopany.
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dapths without support; i.e., the clay wilil behave like a so0lid axnd
will retain the shape it is given. If, however, the pit is flooded ,
the sidea will give way, and, in many cases, the saturated clay will
ba converted nearly into a true liquid. The clay is capable of maine
taining its shape by means of internmal cochesion, but flooding reduces
that cohesion greatly, often to zero.

If a wall is built in contact with a solid, such as rock face, no
pressure is exerted on it. If, on the other hand, a .‘l‘u:l.l retains a
liguid, as in a reservoir, it is subject at any level h to the hydro-
static pressure w hy, where w is the unit weight of the liguid, and h
+tma distance from the surface, If a vertical wall retains soil, the
sarth pressure p similarly increases proportionally to the depth h ,
and its magnituds is given byl

p=m=kwh 10-1
whara w 1is the unit weight of the soil, and k is a constant which de-
pends on the physical characteristica of the soll.

Ehaprassuru'h:l.ﬁh soll exerts on an immovable wall, known as the
rest pressurea is not easily determined. The measursmants that have
been mads seeam to indicate that in this case k = 0.45 to 0.50 for un-
compacted, noncochesive msoils, such as sand, while it may be as high
as 0.80 for the same soils in highly compacted state. '

For the triangular pressure distribution to be poaaibla, there
oust be some sliding of the soll towards the wall. Usually, howewver,
walls move slightly under the actionm cf the earth pressure. Since walls
are constructed of elastic material, they deflect under the action of
the pressure, and since they ganarally rest on compressible soils, they
tilt and shift away from the sodl, Even if this movement at the top of -
the wall is of ths order of h/1000, the rest pressure is materially de—
crezsed by it. The magnitude of this pressure against slizhtly 7ieli-
inz wslls is —Such bettar kmown than the rest oressura,
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T# tae wall moves away froa the £i11, & aliding plane a b (Fig. 10~

3) forms in the soll mass, and the wedze a b ¢, sliding along that

Here, the angle @ is ¥nown as the angle of internal frictionj il.e., ita
tangent is equal %o the coefficlent of intergranular frictien, which
can be determined by laboratory tests. The correspanding pressure ia
knocem as the active garth pressure.

I.f,nnthnutharhanﬂ.thlnuhpuﬂudngaimtthlrm,luud-
ingp]madisfnmﬂ.lndthanndgﬂleﬂu-pushﬂmh:m
wall along that plane. 'nhnpruuuru-hichth.:l.n larger wedge exarts ag-
ainst the wall is lmown as the passive earth pressure,

The magnituds of these preasuras has been analyzed by Rankdine,,Cou-
lomb and others., If the scil surface gubtands an angle 3 with the ho-
rizontal then, according to Ranidne, the coefficient faor active earth
pressure is:

5 coad = l{nnu_ai -=5ﬂ52§

kX = cos - 10-2
cosd + Vuauzi - cos°®
and for passive earth pressure is:
T | coab + cost 8 = cos® 10-3

cosh --l." cos2h - cos®@
For © =g, ths coefficlents for active and passive earth pressures are
the same and equal Tto

E=k'=coa g 105
fn the frequent case of horizental surface with § = 0, we got:
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for active sarth pressure

l - sging 10-5
I:“ZI.-l-ll.‘I.'r:l."
and for passive esarth preassure
- 1+ 8ing
= I.H.
l-liﬂ.'

Rankipe's theory is wvalid anly for noncohesive solls such as sand
and gravel but, with corresponding adjustments, can also be used for
cohesive clay soils. '

Unfortunately, the true failure due to passive earth pressure is
generally not along a d (Fig. 10-3) huti-'ma.nuﬂud.plmi and thes
actual pasaive earth pressure developed is l:l.su.'l.'r:l.n.lnt].r leas than
this solution indicates.

It should be noted that many practical constructions do not satis—
fy the displacement requirement, assumed as a necessity for the possi-
ble application of the previous equaticms, for arample, ‘basement walls
when mpmudltunmmmwwmimmwm,
Another case is the usual braced trench construction, where excavation
starts with a brace placed near the top af the trench, In both these
cases, the total rest pressure” is roughly the same (say 10% more, for
the ideal coheasionless soil, than discussed above, or in erxrtreme cases
on an individual strut in loose sand possibly as much as 45%), but
the resultant acts nearar the T =7 -
Oid-depth than at the lower i
third point. the diastribution
Day vary considerably, but it P
=ay be thought of as somewhat
parabolic as shown in Fig., 10— - B i
i, 315-.154
* 'Reirforced Concrete Pundazenmtals' by Ferguson. Published by Jokn
#iley 1=d4 son. Yew Tork, London.

4
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Tt aight be again emphasized here that this entire discussion is
ralated o cohesionless solls and has ignpred the complications brought
about by cohesion and probably swelling acticms of clay, Materials
chich expand under increasing moisture contemt should not be used as
backfill behind retaining walls.

Pable 10-1 gives the average values for w, ¢ and the coefficient
of :ri:t:l.unf between concrete and the various soils,
Table 10-1. Unit weights w, angles of internal friction ¢ and coaf-
ficients of fricticn with concretedl.

| Unit weight
hda in kg/ @ . o

1, Sand or gravel without finas
particles, highly permeable 1750 = 1900 | 33 = 40® | 0.50 = 0.60

2. Sand or gravel with silt mix-

ture, low permeability 1900 = 2100 |25 = 35° | 0,40 = 0,50
3. Silty sand, sand and gravel .
with high clay content 1750 = 1900 |23 = 30° | 0,30 = 0,30
4. Medium or stiff clay 1600 = 1900 | 25 = 35° | 0,25 = 0,40
5. Soft clay, sllt 1500 = 1700 [ 20 = 25° | 0.20 = 0,30

The low values of ¢ for soila 3-5 and the resulting bhigh soll pressure
indicate that solls of type 1l or 2 should preferably be used for back-
£111 of retaining walls wherever posaiple.

10,3 Earth Pressure for Common Conditions Of Loading

When computing earth pressures on wallas four comon conditions of
loading are most often met:

1) horizomtal surface of dry £il11 at the top of the wall, Fig. 10=5,

2) ﬂfﬂ]ﬂhﬂﬂtﬂfﬂﬂﬂﬂﬂﬂﬂﬂ!lﬂpﬁﬂ!wmmmmtﬂ? of
the wall, Fig. 10-5, '
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horizontal surface of dry £ill carrying a uniformly distributed ad-
ditional load (surcharge) such as from goods in a storage yard wur
traffic on a road. Thﬂ increase in 'prnum:l.r.-u caused by a uniform sur-
charge g 13 camputed by converting its load into an equivalent, ima-
ginary height of earth h' above the top of the wall such that

h' = a/w 10=7
and measuring the depth to a given point on the wall from this ima-
ginary surface., This amounts to replacing h with (h + h'). Fig. 1.0-7

Surcharge far enough removed from the wall causes no pressure on
the wall. The presence of a surcharge well to the right of point D
in Figs. 10-3 and 10-8 cannot influence the sliding plane a b or the
earth pressure. A surcharge within the area ¢ b influences the earth
pressure in the manner shown in Fig. 10-8. 4 slope of 40 or 45° may

be mooumed,

existence of ground water at a level above the base of the wall
either permanently or seasonably. In thia case, the pressure of the
soil above the ground water is determined as usual. The part of the
wall below ground water is subject to the sum of the water pressure
and the earth pressure, The former ia equal to the full hydrostatic
pressure p‘,=h.a.l,1hmhainthaﬂhtﬂn¢arrmthﬂgraunﬂ;-
water-level to the point on the wall, The additional pressure of the
soil below ground water level is computed from equatiom 10-1, where,
however, for the portion of the soil below water, w is replaced with
(w = 1) and the weight of the earth above the ground water can be
assumed as a surcharge with height h' = w hy/(w = 1), That is, for
submerged soll, buoyancy reduces the effective welght in the indi-
cated manner. Pressures of this magnitude are considerably larger
than those of dry scil and must not be overlooked. Fig. 10-9.

4 Safety and External Stability

& retaining wall must be safe against fallure, =sliding, excessive
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p, = kywh) as nsual for dry socil
Py = ki (w=1)(nyeh') whaze
h' = Irhlf'[‘l—l:!

Pp=hy 1

Piot = P2 * Py
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settlement or tilting and overturming in the following manner:

1) Safety against failure

A reinforced concrete retaining wall must be safe against failure of
any of its individual parts: the stem, the heel, the toe and eventually
the counterforts or buttresses, if any, i.e., the dimensions, thickness
and reinforcement of any of these elements must be mso chosan that +the
maximum moments and shears can be resisted safely. This is in no way
different from that used in any other type of reinforced concrete struc-

tures.

2) Safety against sliding
The wall must be safe againat sliding i.s. bodily displacement i4in
the direction of the earth presaura.

4 wall,such as that of Flg. 10-10, together with the soll on the
base slab, may be bodily displaced towards the left by the earth press-—
ure P which acts on plane b 1L by sliding along the plane b e. Such slid-
ing 1s resisted mainly by the frictiom between soll and base along the

Forces acting on a rfd. conas,
F = active sarth preasure 1L b m, retaining wall
1

P &P, = vert. & horiz. comp. of P, -

G = wh, of wall + its foob + wt. = 1 F
of soil om toe d e & heel £ g,

R = resultant of P and G,

R &R, = wert. & hordis, comp. of R,

F=pR, = fric. force » 1.5 Py e

Passlve esarth pressures:
Anco on ne ar
Adeces on de.

when a key is useds o' gt t 34

Anto'on nt or Passive earth pressure Actlwve earth pres.
Adtaror at. Fig. 10-10
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sams plaid.
To prevest sliding, the frictional force F = )H.RT must axcesd the

farce I'h ==ich tends to produce sliding; a factor of safety of 1.5 is
generally assumed satisfactary 4n this connection, l.e.

By p 15 By 10-8

Actually, for the wall to move t0 the left, it must push with it
the earth n ¢ ¥, waich causes, the passive earth presaure indicated by
ths. triangle n £ © to act. This passive earth pressure represents a
further resisting forece 'lh:.qh'nuuld‘hnl.dmmthulm side of equi-
ﬂmlﬂ-ﬂ..!m--tﬂlﬁﬂﬂhﬂlmﬂm]:ﬂthnmﬁhmm
left pide is secursd sgainst scour or removal, If this condition is
not met, it is better not to count on the sdditional resistance of the
puﬂﬂ.mthp:um-

nmwmmmhau-ﬂnpudwthﬂ-
!m,;kﬂ-hljk—ﬂnbﬂlﬂlﬂsﬂ.wmhhhulﬂlthaﬂtmuf
th-nn.tnimrm-th-hnri:unhlmhmca.lnthum-nud&n;,
ﬂitnpmﬂ.hkuphn-llmthiglmubhmdij.'il"hﬂaa;lﬂng
m-mmmmmﬂmuu.mmt:
occurs within the soll mass. The coafficient af friection that applies
in this portion is consequently tang , where the value of ¢ may be
taken from table 10-1., In this situation, sliding of the fromt soll
occurs upward along & v' so that, if the fromt fill is secure, the cor—
responding resistance from pasgive scll pressurs is represented by the
p:um-trhnullntn'_,ﬂdmhtnﬁ.ﬂ-mtnthﬂmbihtrufm
£411 above ths toe, tha free surface should more consarvatively be as-
sumed at the top lewel of the footing, in which case, the passive pres-
sure is represented by the triangle d t a',.

3) Safety against excessive settlement or tilting
In order to prevent excessive settlement, the pressure f; under the
footing should not exeed the permisaible bearing pressurs for the par-
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ticular soil.

To prevent excessive tllting, the smaller bearing Prﬂﬁam :EE ahould
be bigger than or egqual to half the bigger pressure Il in elay sodls.
In rectangular footinga, thia is the case if the resultant R liess in
the middle sixth of the base (Pig. 10-11 a), In sandy soils, £, is to
be chosen bigger than or equal to gzero, a case which takes place if R
lies in the middle third of the base (Flg., 10-11 b). If the resultant
were located outalde the middle third, than f, will be tensiom at and
near point b. Obviously, tension cannot be developed betwean soil and
a concrete footing which marely rests on it. Hence, in this case, the
presgsure distribution of Fig. 10=11 ¢ will dewvelop, which means a
glight lifting off the soil of the base at b. Equilibrium requirea
that H,, pasa through the centroid of the pressure diatribution triangle.

/3 /R /3 /3 /H /3 LE#H 1

15 - 5 -

r:.f i b o : Ih e i t b
P

ﬂ
(a) iy (o)
Fg., 10-11

This last case, may be allowed, if the base of the wall is on wery
incompressible soil, such as wall compacted gravel or rock,

It is however good practice o have the resultant located within
the middle third,

%) Safeby against overturning

If the resultant R (Fig. 10-11) strikes the base b ¢ outside point
cy the wall overturns bodily around the same point. If, as is mostly
the case, the resultant strikes within the middle third, adequate safe-
ty againat overturning exriste, and no special check need be made, If
“he resultant is loceted outside the middle third, a factor of safety
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of at least 1.5 should be maintained against overturning, i.e.
Rp s Q15 Py o 7 10-5
10.5 Illustratiyve Example

It is required to design the reinforced concrete retaining wall
ghown in Fig. 10=12 and to check its stabllity.

0,20
"Tﬁ- - __|h'nﬂf\'r-ﬂ.5l.

Fig. 1012
Datai Surcharge 8 = 1.00 tf:lzi for the axisting sandy soll assums

w = 2,00 t;n’,q.an-.,,u.u,smdux. £, = 2,00 kg/on" at
1.00 m from lower ground level.

Lateral pressurea
a) Active earth pressures

1-!1&’@_1-‘:-5 0.5

e o T i
Surcharge p'-:--;.;.n-us t/a®

1
Tﬂtll?. anp.h:l—}-:l.i =20 t/m at r.-ﬁﬂ-ifﬂl
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1 5.5 ns
On height hys Fgy = 5% 5.5 = 1l.B57 t/m acting at ¥ 4= E = 2,75
= =
Zarth pressure p:kth-;r%ﬂﬂ:ﬁ:ﬂ:#.ﬂu +/!
b 6.0
Total P=p 3 = 4,00 x -—E- = 12.00 tfn acting at ¥y = E:ﬂﬁ = 2,00
it Deligint hys Py = K WDy = F X 2,0 x 5,5 = 3,667 t/a°

Total Py= pl% = 3.667 X 252 = ;u;um t/m acting at y; = 5«5/3 = 1.967

b) Passive h sure

The passive earth presaure will be considered on the depth ¢ d = h,

of the footing only:

l 4+ ging 1 + 0.5 3

i ol T 1 i

P'ik'whrnﬁxzzmxﬂiﬁnﬁtfna

|
Total r*-PEhI-E—IEE:-E:ﬂI?Etﬁ

Tt has to be noted that the value of P' is small and may bs neglected.

Design of wall
Innﬂﬂtumut-thaniﬁrhnrthn-ﬂlllm:tlr.nLlh:fm
to check the thickneas of 60 ems choman at its base.
ilax. momant M at base of wall: 15“-1'31:'31*'!'1_:1 or
. = 1,867 x 2,75 + 10,084 x 1,867 = 5,13 + 18,83 = 23.96 mt
"l.'la:l.n.; the W.S.D-method and l.nm:f.:ng concrete C200 E high grade ateel
with T, = 3600 kg/ca®, then O, = 70 kig/cn® and O, = 2000 kg/ca’.
In case of concrete deposited against ground, a protectlive covering
of minimum 5 cms is required. Accordingly: d = ¢t = cover = 60 = 5 = 55
cma
so that n=55.x1|f'l or 55-t11a‘2_595n glving [k, = 0.355
According to sheet 11, U, = 58 kg/ca” { 70 kg/cn® and k, = 1800

; ¥ 23550
T:. ﬂf e — i = ™
ernfore j.: = =% = altu_lt} :‘m.z choaen :I.E‘+lE oo/ m
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The thickness of the wall at its top edge is assumed 20 cas,

In order to design the base of the wall, one has firat to check
whether its length assures sufficient safety against tiltlog and alid-
ing. For this purpose, we shall assume preliminarily that the thick-

ness d ¢ = g b = 50 ems.

Streszses on the soil and safety against excessive settlement and tilting
0.2 + 0,6
'."1'4 = E__.._E = 5:5 T E:ﬂ = EE.§0 £ 14 = 0,70 ns
30,10 ¢
8 = 2.8 x 1.0 = 2.80 € x5 = 0,60 ms
42,9'0' +
=] ses SUurc =3 & 1

ilonent about point m at center of base:
HaP, ¥, + Py + Ei-"} + U x - W x - 5:5
=E:G:51D+E:D:E_.LI‘J+1:ﬂ:l:5+5:5:2:3-259'5:5:5-2:8:

Excentricity: e =4/ R, = 25,2 / 42,9 = 0.588 ms from center m.

1

1/6 base = 4,00/6 = 0,667 ms ) 0,558 ms 1.e. R lies inside middle 3.

The stresses on the soll are given by:

By+¥ 42,90 + 252x6 +
flpE'J_."E-_"q-:_u:l,__u'l:u:q.ﬁzﬂmfﬁ"gf"“' glving
£1 = 20,17 t/u° and £, = 1.69 t/z°

Stresses excluding surcharge on a 1

In this ecase, the surcharge 5, the corresponding horizontal preasurs
F_ and thelr moments are to be excluded; l.e. :

H'Pl'*"-’;:;""'l:ﬁ-%:q. or
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In this case R, = ﬂ-ﬂ:l b so that

excentricity e = /R, = 20,9/40,1 = 0,52 ms i.e. R lies inside middle
40,10 + 20.9 x & + ;
1/3 and T -—6—'-;1—5... = 10,0 Z 7.9 Blvin
2 Lot MU L0 T 10 xH : v
£, = 17.9 t/o° and T, = 2,1 tp'u.a
In both cases: max. rl = _21_.'0'1? cha which is approximately equal to
the allowed value of 2,00 kg/cm” and may be accepted; min. £, = 0.159
kymz is bigger than zero, i.e. there is sufficlent safety against
excessive stresses or tilting. '
lreover, the resultant R lles insides the middle third of the base, -
i.e., there is sufficlient safety against overturning.

Safety & sli

Condition 10-8 gpecifies thnt/un, must be bigger than 1.5 Pps 1.0.,
m.gm:/ﬂ(wl + Wy + Wy + Vs * 8)21.5(FP+ P, -F")
We have 0.5 x 42.9 = 21,45 > 1,5 (12,0 + 2,0 = 0,75) = 19,88 tons.

Excluding surcharge, we havei
045 x 40,1 = 20,05 ) 1.5 (12.0 = 0,75) = 16;88 tons.

This means that condition 10-8 is satisfied and the wall has suf-
ficlent safety against sliding.

Design of base
For the design of base, the maximm moments at £ and e (in heel and
toe respectively), take place for the case of surcharge on a1, i.e.,
o =85x1,04 Wy x11l4 Ve, x1.2 =5 x2,8x1.2 - [(12.78 - 1.69)
X 2.4 x 0.8] = 2.8 x 1.0 + 28,6 x 1.1 + 2,4 x 0.5 x 2,5 x 1.2 =
11,09 x 2.4 x 0.8 = 10,9 ot
Lote: The tensile stresses dus to L, are at the upper Iiber of the heel.

g = ':13 x 0.5+ Wy, T 0,5 -15.54 x 1.0 x 0.5 - E(ED.I? - 15,54) l.0 x
G.E?] = :]-il-n::I x ul-El L 2 l:U ax 095 x 2:_5 x u:.i‘ - ?i?‘? ".3-1 = - 9-?" mt
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The tensila stresses dus to ,Eia are-at the lower fiber of the toe.

Por a thickneas of base = 50 cma, we hava:

C.:5 = k, /10900 . ziving k, = 0.43 i.e. O, =45 kg/ow” &k, =
1850, so that A, = gr=Atett_ = 13.25 ca® at the upper fiber of the

hzzl; the same order of reinforcement Day be used at the lower fiber
o the toe.

In order to have a convenient cholce of reinforcement of & -i-Ef:;
(2, = 12 cn®), the thickmess of both the heel and toe may be chosen
40 ecms at thelr free ends and 55 cms at the stem of the wall, in whiza

case

10900 o '
.ILEI=mﬁ{_jx'EI:_:_:F‘:]ﬂ::I_l._r-]ﬁr.'i:l2 chosen 6 9 16 m/m

mhe coxsrasssion reinforcement at the outer face of the wall, the
ugper face of the toe and the lower face of the heel i1s chosen S<13/:;
+t4e longitudinal distributing reinforcements are to be ) 207 of maim
rainforcenents; they are chosen 5 ¢ 10/m except on back face of wall,
whare they are chosen 5 < 13/m for a height of 3.0 ms from base.

In ordar to count for the eventual settlement of the wall in the
longitudinal direction, it iz adwisable to arrange expansion joints '
every 25 to 40 ms and, to introduce scme heavy longitudinal reinfo-ee—
nent at the bottom and top surfaces of the stem of the wall (@ 1&%.of
the section of the wall at bottom and 8 0.5%at %op)e In our case,
such reinforcement is chosen & 4 25 mm at bottom and 2 ¢ 25 mm at top.
Thé details of reinforcements are ahown in Fig. 10=13.

Por the dsaign ‘of counterforted walls refer to ™Theory and Design
of Reinfarced Concrete Tanks" Chapter VII-4. By M. Hilal,
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CHAPTER 11
RZINFORCED CONCEETE SUBJECT TO TORSION

11.1 Fundamentals

If a homogeneous element of circular cross sectlon and length 1
is subject to a torsional moment Ilt {Fig. 11-1), torsiomal shear st-
reasses will be developed.

M,
The two end sectioms twigt, relative to L
each other, an angle ¢. The twisting angle : |
Zonar—1 94
Pﬂ-u:itlangkhﬂgia glven by: - 1
; "'9 = -;E EEEEsREESREESEN u"l
In homogeneous materials, the torsional /yg</ .20
shear gtresses * are proporticmal to the

strains. Fig. 1l1-1
Assuming that the torsional shear stress at & radius r = 1 is 1,
then we get for a e¢lrecular section: &= 2'1 T sesssssssseane Ll=2

i.@. the torsional shear stresses increase linearly from tl:éu center of
4

k
1]

a circular section to its outside surface. '
If an elemental erea di =27 r dr ,
(Fig. 11=2),; is subject to a torsional shear - —_
stress ¥+, 1t shall cause a torsional moment
ﬂﬂt about the center egqual tos
dltird.lritlrzﬂ Fige 11-2

and
lt = rl I 1'2 d.l = El It ERSFEEEEEEEEEYS 11—3

where I is the torsional moment of inertia of the section; it i= giv-
en bys



NP

"Il'd. _ A&

=2x=%5 "8
The torsional section modulus 2. is -I:he.rafm equal to:
2L, wa _aa

g =g ""16 " &
At the surface of a circular section: A :-'tl % or
i 1c 4
. ‘i s s L H" { alloweblel. sereces. 114
"N R -
If the relative angular displacement of two sections at a unit dist-
Aance iﬂ; { where _ ? = E ssassSEEEEERTEED 11-5
and. G=21+v = bulk modulus of elasticlty in whieh
3 = Poisson's ratlo, than

the relative displacement in the corresponding points on the outside
surface of two cross sections'at a distance 1 (or dx), Fig. 11-3, is

given by 31-?-— « Hence
? = + ﬁ q.--l-.-.---llllliiil-lill 11""5

a9 =

and

M
?15' 1—1—""3‘
The angle of twist -8 is therefore given by:
al
I"-9- —L EEBAEEE RS SRR ll-"?

I G
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sular cross—szectiecns subject to torsiom, (Pis. 11-4),

I= raczTens
+he torsiozel shear stress at the center is equal t2 sero. They have
thair biszer wvaluss at the outside surface with aavimm magaitude at

the middle of ths loager side of the section and mero at the cormers.

s
= 4
|
-
—o—t

The torsional shear stresses ¥ and the anzle of twist A9 can how—

ever be expressed by relations sinilar to those of circular secticnc,

4= the form:

rh -wl tm sssssessasdsEdaEaRaN 11-8
My
t‘m = E-: -vz F—; TTIT R T R R R R RN N 11-""'3'
in mﬁh '.P'E = :5 *+ mg;ia:q._s TIT I AT PN RN NN N 11-10
11=11

9 = ;‘I; =5 ﬁt— i

The values of §) are given in table ll-l.
Table 11-1: Values of W4, lﬂﬂﬂi for rectangular sections

/b 1 1.5 2 3 a 6 B 10 pea ]
~'y | 1000 | 0.858 | 0.796 | 0.753 | 0.745] 0.743| 0.743] C.743 0.743
v,  |5.81 |4.33 |#.07 |3.7 | 3.55 | 380 | 3.25 | 3.20 | 3.00
"9, |7-35 |5.10 |37 [3.81 |3.56 |3.40 | 3.26 3.20 | 3.00
For a circular ring with diameters D and 4, we ha:n:ﬂ
A -TI" (»® - &%)
o 16 M, D 4 M, .D
max = W (oF _ a%) 4 (D° + &) 11-12
= 5
S ET (-5 Ga G +a)
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For T, I and l—gections common to reinforced concrete construc—
tions, torsiomal shear at the face of the web can be arproximated by

the expression: _
: 3 M b

?m=z—_;3-;- LA R E R R R Y AN N 11—1}

in which by, = width of web,
b = smaller width of each component rectangle of section,
t = longer dimension of each component rectangle of sec.
.E_‘b-"’ t = sum of b ¢ terms of the component rectangles,
For a thin circular ring of thiclkmess s and average diameter dm
where 2 d, =D = 8, we have

2 M,
rm:":-d-s-.; LR R T 1ll=14
-2 H‘I: '
d - LA L ER TN NN N RN 11—1
GUE s -

In thin hollow sections, the torsional ghear % s may be assumed
constant at all points of the section, -
Fig. 11-5. Taking moments about any
point O, we get
ﬁt-‘[rﬂﬂltfsjadn
According to Pig. 11=5, we have:

E =2adu s0 that

=2 -
'E'.’It=I'B-[E‘ﬂ.l=rIEL or

T. :lt LI T T T T T T TNy | 11-16
2Es

in which X is the shaded area insids the dashed line shown in Fig. 1ll=
S« The maximum toraional shear stress takes place at points of minimum.

thickness.
Zxamnle (Fig. 11-5)
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1l=: Torsional Monents and Ansles of Twist

The toraional moment in a simple beam or cantilever subject to
g is the ghearing force fnr.Ht as a load, while the twisting angle o
in bsams is represented by the. bending moment for Ht as a load (ahd

in cantilevers as shown in Fig.) divided by I, G. Hence (Fig. 11-7)

My Me

M q 1
N

RO Mg M

%t

Fig. 11-7
In statliecally indeterminate structures, the statically indeter-
=i=ate torsional moments may be deter—ined by the theory of wvirtual
wore: in whiehsz

o W
I.I= G

The torsional moment of inertia It and thes section modulus Zt foar
different sections are given in table 1l-2.

sEEsETEREEREEEE &ER 11—1H

1.612 =

11-3 Allowable Stresses

EleGents subject to torsion are generally calculated according to
the working stress desigh method., According to the Egyptlan Code of
Practice, the allowable and limit of shear torsional stresses (I &)
are the same as those for shear. (Refar to tabls 3-2).

In case torsion is combined with flexural shear, the allowable and

lioit of shear stresses (7, and 2,) may be chosen as given in table
1-1—3#




Table 1l-2 I, and Z, for Different Sections
Sirsle Sir. ring |Thin rinzg| Zllipse T‘:ﬁexagan Jetason
e () oo O
! e . . ;
- 2 L a | Sk e
T | gy T o3 * o v 4 b
r, |&.d | Eo-a s [ 52 055 o oas0 &
dy Z.,& 1(94"‘14} Lt | & a.v® |0.188 a® |0.195 &2
E‘ - 15 D zl - E‘ - =
[ Rectanzl v
2 mj; 5 £/b |1.00 '1.25 1.50 b.oo b.oo b.oo b.oc ho.oo|
t30b o .141 171 195 .2251 «253 .281 .299 .313|.335
I-—.ﬂb}f[‘_ b =
IEB 1321 -E -E lE -EEE .2 ™ .I. - -"l
e o I o e e o e s B
Box sectiom th_ sl Zy =2 1Dt 8,
Lophas by vk Ge v s o
1 82 t ‘sz Sy
H'B' Bll -!-E { h En{l 3;. 54 .{ t
= The distribution of the tor-
glonal moment on the differ—
It o Ibi 1:1!" 3 ent elements of the section
can be done according to the
relations Ht:l. = Ht I-L'i"'EIti
Zlosed thin-wall " 2
seg. 8 = constant Io=%4,8/70 Dy =2 A T4,

Table 1)-3 daximum allowable Torsional + Shear Stresses in kg/em®

Cone. guality [cl20 | ¢c160 | c180 | c200 c225| c250| c295| c30d
Tithout rfat Tyl S 7 8 B 9 9 10 10
with ro=t *:"1:E i7 20 21 22 23 24 25 25




1ll- Reinforcement for Torziom

Failure of a concrete member subject to torsion can be delayed
by arracging longifudinal reinforcement to cross the potemtial cracks,
The most efficlent form of torsional reinforcemant wonld consist of
45% gpirals arranged in the direction of the temsile stresses. Such
spirals are difficult to execute and are generally not used,.

Diagonal tensile stresses due to tuminn differ from those due
to transverse shear in that they exist on all four faces of a rectan-—
sular section. It i1s evident that U-shaped stirrups or bemt up bars
are not suitahle as torsional reinforcement; closed loops must be used.
These are placed parpendicular to the axis of the mesber. Additiopal
longitudinal bars are placed at the corners of the stirrups and along
the perimeter of the section to accomodate the longitudine] component
of the stress and form a closed cage, (Fig. 11-8 a). Stirrup loops

b
] ’ _jl_
A A
s
TN ST 7 ¢ jEl
A TS ST 5 STE IS,
; ‘H‘ i
N 1 (®)

e
ﬂs-u-ﬂﬂk—b—+ +-2+-

must have 1mﬂi=iantlungthuf_u‘nn&nm at the end of bars to ansure
that allowable stress can be developad. In flanged sectlons, the ends
of the stirrups may project into the flange, (Fig. 11-8 b).

I+ ia obvicus that all such web reinforcement is in addition *to
that placed for flexural shear; the two areas of stirrups can however

be combined in one set.
The area regquired for a longitudinal bar L resisting torsiom is

glven by:
-l- 1 l'h a FEEEERABREBE S AR RS 11-'19

ELL._'D'
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and the area of one branch of vertical stirrups resisting torsion i1is

given byt :t B
11-20

.ﬁ. = 'EE TR RE T RN EER NN RER S
st 2 AE U,

in which

4, = area of core = b' %!

s = spacing of vertical stirrups % resisting torsion

81 = spacing of longitudinal bars

Experimental evidence has indicated that the realstance of rein-

forced concrete to torsion is low that relatively big sectlons are re-
guired for low wvalues of torsional moments, and that if torslonal re—
inforcement is provided, it need be designed only for the excess shear
above that permitted on the plain concrete. In cases where torsicnal
and flexural shear combine, the shear resisted by the concrete (3 = &
.I:g_.-'"c:nz] should be substracted only once, elther from the torsiomal or

flexural-shear requirement, but not from both.
It is therefore advisable to have relatively small spans for ele—

ments subject to apprecisble values of torsilon,

11-5 Illustrative les

1) It is required to determine the minimum depth and the necessary
reinforcement for a beam of rectangulsar cross=sectlon subject to a tor—
sional moment M, = 3000 kg m, if normal mild steel and concrete CL&0D

are used.

Assume ratio of depth t to breadth b of cross-section is 3. Then
. My
According to equation 11-9, we havé: dax = VW2 s

Table 11-1 giveswy, = 3.74, and table 11-3 gives & _ = 20 kg/em®.

Therefore: 20 = 3.75 ﬁ% giving b’ = 18700 i.e. b = 26.5 cas
x

and ¢t = 3 x 26.5 = B0 cms chosen b = 30 cma and + = BO cams.
Accordingly: b! = 25 cms and t' = 75 cas

Tae torsional moment that can be resisted by the concrete core, My
zay be caleculated from equation 11-9 in which b? and t' of core revlace



49—

b and t, and, 3}, = 3.0 tg.fcna reolace T,_.u. Hence

2
Ao = DT L 22 2752 9.0 2 577 00 x5 ca

mhe torsional moment to be resisted by steel reinforcement I.,:- is:
n“.ut-u“-jmum-ﬁwmnzazﬁm kg cm

Area of vertical stirrups per meter in each face is given by:

_ N x 300 262 m::lm
ﬂ'kT. IR -:E.Dc::(zh chnun!lﬂmﬂg.

'Ehalm;ﬂmﬂinﬂminfmmﬁi-tnhuhnnenﬂulmmat a min-
imum spacing of 15 cms.

2) A reinforced concrete |-beam has an overall depth of 80 cms, web
width of 30 cms, flange width of 90 cms and flange thickness of 12 o=s.
Calculate the amount of torslomal reinforcement required 1f the bean
is subject to a twisting moment of 4000 kg m using normal mild steel ,
and concrete Cl50.

According to equatiom 11-13, the maximom torsional shear stresa is:

3
Tm..f;.;:—:' ) in which
Y

b, = 30 cms , ‘W t = 30° x 80 + 10° x 90 = 2 250 000 cm® so that

T ,2XxX500000x30 _ 350 xg/fem® £ 20 kgfen®

Assuming 2, = 3.0 kg/ca®, The torsional moment that can be resisted by
the concrete core is givem by

M, = - S 3ped g in whish

3,
bl = 25 cms 'I£-3t--253:?5+?3:a?-12ﬂamum“' l.e.

Torsional moment to be resisted by stesl reinforcement is given by:
lm-lt-utc.mm-mm-ﬁzum:ém
Area of wertdical stirrups or longitudinal bars per m in each face is:

H*E——-ﬂxlm in which XA, =25x 75 + 7 x 87 = 2448 cn® or
Ao :%:5.]&5 en®/m chosen @ 10 om @ 15 cms.



PART IV

FUNDAMENTALS OF PRESTRESSED CONCRETE
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I-1 ZEasic Idea

Concrete can resist high compressive stresses and VeTy low lecs-
ile stresses. Due to this fact, cracks generally appear in the tena-
ion zone of reinforced concrete elements under working loads; for
which reason, it is generslly assumed in reinforced concrete design
that concrete in tensicn does not statically mct and steel reinforce-
ments resist all the tensile stresses. The tension zone in reinforced
coperete elements subject to axial tension covers the whole gection ,
and in elements subject to simple bending or eccentric forces it geo-
erally covers & big part of the cross-section which means that a big
amount of the concrete used in such elements is cracked and statical-
1y not acting although it adds to the dead weight of the structure and
concequently to the loads on the columns and foundations.

Prestressing of concrete has been infroduced to counterbalence
any tensile stresses due to desd and live loads, the prestress is geo-
erally created by tensioning the steel reinforcements in the manner

shown disgramatically in figure I-1.

The definition of prestressed concrete as given by the U.i.H.
provisional Code of Fractice 18 =

*prestressed Concrete® denotes concrete im which internal stress-
es are induced, generally by the use of high tensile steel. This oper=



=355

ation is done before or during the action of external lcads and in such
a way 86 to completely eliminate or at least to effectively ,reduce ten—
sile stresses under the action of working loads together with the pro-
vision of an ample factor of safety against collapse.

The first patented methods were not successful because the low

prestress then produced in the steel was soon lost as & result of the

shrinkege and creep of the concrete. This can be explained if we ass-

ume that an ordinary structural
steel bar of length | is pres—

tressed to a Hn;king stresa of q___'_.-.-— e ]
f = 1400 kg/cm™ as shown in il
Ige;u.rr. I-2. The meodulus of | "’_?""" Lrerlh of sloed e d i
elasticity of steel being egual
te E, = 2000 000 kg/ca” , then ﬂ-———--—-—————-—_-ﬁ—!l
the uzit leagthening of the ) .
bar ¢. is given by: el ir FM F*il
&
" J'.'“:"'E. = 1400/2000 0O d________u__ﬂ
= 0.7/1000 which e Lot ﬁi
wesns that ¢ = 0.7 mm/m M‘F T PR SEEES S
The elongation of the steel (Frg I-2)

due to this prestress is given by:
..:llI-E - l = -P-'Z‘
» 1000

It is further known that the unit shortening dues to ahrinkage £ gp DAy
Le considered equal to : €an ™ 0-25 to 0.30 mm/m
lndthemitlhﬂﬂﬂiﬂdnlﬁmpt““EIItﬂ=

50 that tlh+t“-ﬂ.55tnﬂ'.ﬂﬂnfn

and, the shortening of the concrete with its prestressing steel is
Eiven by :

Alg = (e +x J:-Eg-—'ﬁl

+his iovestigation shows that the initial lengthening of the bar which
cauczes the prestress could be entirely lost in the course of time,

hodern developzent of prestressed concrete is credited to E. Fre-
yssinet of Fraoce, who in 1928 started using high strength steel wires
{or Fresiressing. JSuch wires with an ultizate strength as high as
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1B tfcmz and a yield peint around 1% t!cuz s Bre prestressed to about

10 tf:nz creating a unit straino of

Eg = IE Fi E, = 10000,/2000 00O = 571000

Assuming & total loss of 0.8/1000 due to shrinkage and creep of con-
crete and other causes, a net strain of

B 5/1C00 - 0.8/10C0 - 4.2/1000

would still be left in the wires; this straim is equivalent to a stress
of

f =E - 2000 000 x &.2/1000 = 8400 kg/em®

-1 s 8
This use of high tensile steel is one of the essential fundament—
als of prestressed concrete techigque; it is thas which has enabled

prestressing to develop.

The high tensile steel geperally used in prestressed concrete isa
bard drawn wires of an ultimate ntfcnﬁth 15 = 20 tjbl; « J1ts proofl
stress (tensile stress producing a permanent elopgation of 0.2%) must
not be less than B0 of the ultimate atrength. Its modulus of elas—
ticity E; = 2000 tfcnz.

In reinforced concrete sections subject to simple bending, it is
generally more economic to use small ratios of tension reinforcements;
in which cases, the bearing capacity of the beam is governed by the
moment of resistance of the tension steel and the use of high grade
concrete cannot be fully utilised. For this reason, concretea having
an ultimate strength f_,g vAIying between 160 and 250 kg/cu® are gen-—
erally used in reinforced concrete elements subject to simple bending
and eccentrie forcea. For prestressed elements, stronger concrete with

L.oog = 300 to 600 ksj;mg is required, becasue, the higher the strength,

the bigger is the working stress and the bearing capacity.
I-2 General Principles of Frestressed Concrete

In the following examples, concrete is assumed as being subject
to two systems of forces: prestress and external load, with the ten-
sile stresses due to the external load counteracted by the compressive
stresses due to the prestress. Similarly, the cracking of concrete due
to load is prevented or delayed by the precompression produced by the
tepdons, GSo long as there are no cracks, the stresses, strains and
deflectiona of the concrete due to the two systems of forcea can be
considered separately and superimposed.

In order to explain the basic behaviour of prestressed concrete
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beams, let us discuss the following casea :

1) & prestressed-concrete rectangular beam 20 x 60 cma has a simple
span of 10 ms is loaded by & uniform load p = 576 kg/m. The prestre-
ssing tendon (cable) is located along the centroidal exis of the beam
and produces a preatress of 72 tona. The maximum allowable concrete

stress is 120 kg/cm=, (Fig I-3).

T v S dy fow
i ;;1 Lk k0 £ % If — =il - -
1 L to - -[:l' Paclocee Load Falad

b

Neglecting the own weight 'of the beam, we get:
Prestressing force F = 72 tona

irea of cross—aection A= 20 x 60 = 1200 EIIE
Max., B.H. due to load L — pla /B = 576 x 15333 = 7200 kgm
Section modulus Z = ba® /6 = 20 x Eﬂaﬁ =12000 cm?
Etregses at middle aection due to :

prestressing force F fe=F/A = ?zumnzm - = B0 hgfﬂz
load p I =+ M/Z -:?Eﬂnﬂﬂflﬂﬂﬂﬂ--tﬁn"
Total stresaes:
at extreme upper fiber rtnp' - 60 = 60 = = '.'I.E'D_kg;fu.z

5 s lower s ‘thui:- - B0 + B0 = (o] - -

2) 1f the prestressing tendon is located at the lower third point of
the section (i.e. the eccentricity e of the prestreassing force F is
equal to 10 cma) as shown in figure I-4, the stresses at the middle
section are as followa:

Jn.l o ST J’ff-r.

i-tr -
h - '*# — .=

i Lo 08 e | ﬂ--d'-rr trad  Toltad
’ ~ Frpo
(£Fr& r-%)




St-egses dues to: F
prestressing force F f == - i.e
A T Z
1200 © 12000
load p L =+ MN/Z i.e
f=ax T20000 /12000 - (=4
2
50 that Itnp -0 =60 = = 60 kg/ca

.t‘hnt-—lﬂﬂ-rﬁli--ﬁﬂtgfnlz

5) If the load p is doubled i.e p = 1152 kg/m then the maxizmua moment
M =2 x 7200 = 145800 kgm and the stresses dus to the load p will be

+ B0 x 2= 120 tg!h-z : the corresponding final stresses will be as
shown in figure I=5.

FEL Fr .fxf-
i - e
raFe
doadd Tetal
~ rep

Thus by keeping the same prestressing force as in the firat case but
giving it an sccentricity we have made the beaa capable of supporting

a bending moment twice as much.
4) aAssuaing that the zame beam is subject further to a dead load:

g = 0,2 x 0.6 x 2000 = 288 kg/= then
L - 238 x 10°/8 - 3600 kg/m

and the coresponding stress will be =
f = + 3500 00/12000 = + 30 ka:fﬂz
The stresses for the differsnt cases of loading are shown in figure

I'-'E'l- : 3
1 222 ;-.:rr.ﬁ;ﬁ-
o b b b & & & 4 &

(FiG Ir-<)
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5} But if we give the prestressing force F « 72 tons an extra eccent—
ricity e' = HEK? at the middle section, we get

e' = H_/F = 3600 / 72000 = 0.05 ms below the lower third point, i.e.

g = 10 + 5= 15 cona at middle, and

the stresses for the different cases are:

[ue to F = 72t I = : - +

j 1200 12000

. n HE = 3,6mt [ = + 3600 00/12000 - + 30 " W

" N Hp = 14,4 mt [ = + 10400 00/12000 = + 120 " -
as sbown in figure I-7.

g 2ar P m;?{Zﬁ.

=¥

¢ ¢ ¢ b & 0 9 4 &g b b b 4% e
£ ==z R A F P
= =i L =FF e

I ll!'t.l'llu I e o
: | £ 4 ry s g

(fig I-7)

This mesns that the bending moments due to dead loads could be
resisted without exceeding the maximum stresses, by the seme prestre-
ssing force if it is located at a distance e' = H /F below the lower
third point (lower core point).

This method of approach becomes a little more complicated when
the axis of the member or the tendons are bent or curved. Then it will
be more convenient to take the concrete as a free body, cut loose from
the tendons.

In the case shown in figure I-8, we have due to the bent in the
tendon & vertical upward force applied at the middle of the span in
addition to the prestress applied at the end of the beam. . Thus, the
tendon supplies pot only & direct prestress but alsc an upward force
at mid-span which can help to balance the extermal loads, very effect=
ively at times.

it is slso evident that, if the tendon has a parsbolie shape , a
uniforn upward force will be supplied instead of a concentrated force.
(Fig. 1-9).

Examzim
A coocrete beam 10 ms span, Z0 x 60 cas cross-section is prest—
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-——-Tth‘____hh__fﬂﬂH__“.—ﬂ-}*"'-h‘i:?wr.r1"1_ ' _:l:g'i

Jareer I A fﬂ:fnﬂiﬁ - Jercer oo Te F—tﬂ':tl'l' oA
Leams wilh Leal i"ﬂq"-_n' Foam weild flu.‘—ﬁ:: fenclem

Lore r-4) Lrig I-1)

ressed by a bent tendon as shown im figure I-10. The prestressing force
is 72 tons. It is reguired to determine the stressea in concrete st

mid-span due to own weight g = 288 kg/m and a concentrated load P =
5.85 tons.

sret
-t l =l = £ =i P
FE: # S e ]
¥ e K -4
—— — ¥ LT s R =
1
{ P = -f'-ﬂ" Siwtl. Tafad -

F o geP repef

The tendon can be replaced by an inclined force of 72 tons at each
end ard an upward force at the center egqual to:

21_1:;:?2-4.52#“:
1 w
j.as. net downward force P' is given by 3
P' = 51-'?5—"--52 = 1.84 tons

Bending ooment due to P' is :
HP.-lmIlﬂﬂ'}Eﬂﬂkﬁ-
Bending moment due to dead load g is 1
M = 288 x 10°/8 = 3600 kga

-4
Total bending moment M = 3600 + 3600 = 7200 kegm
Ltresses due to H = 7200 kgm I-i?zﬂﬂﬂﬂﬂanuﬂ-z'ﬁﬂkafuz
- “ * Pa.7200kgs L = - 72000 /1200 = -60 *

So that the final stresses will be as shown in figure I-10.

The concrete stresses in a prestressed beam can however be deter-
zined Ly considering the steel and concrete acting together, with steel
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taking tension and concrate taking compreasion so that the 2 mat-
srials form & resisting couple against the exterpal moment.(Fig.I-11).

r e

+""‘"'-——-_—!-L-j | - H_-rr
Tlihsﬁunu-’ £h§&nud'=-um&

szf f-.ﬂ"'!

It bas to be noted that in prestressed concrete, hLigh tensile steel
is used which will have to be elongated a great deal before its stren-
sth is fully utilized. If the high tensile steel is sigply buried in
toe concrete, as in ordinary concrete reinforcezent, the serrounding
concrete will crack very seriously before the full strength of the
steel is developed. Hence it is necessary to prestrech the steel with
respect to concrete. By prestreching and anchoring the steel againat
the concrete, we produce desirable stresses and strains in both mater-
ials: compressive stresses and strains in concrete, and tensile stre-
sses and strains in steel.

In the following , the laast example will be solved using the pri-
nciple of the internal resisting couple . (Fig. I-12).

External moment due to & dead load g = 288 kg/m and a concentrated load
P = 5.76 t acting at the center.is given by:

M = 288 x 10°/8 + 5760 x 10/4 = 35C0 + 14400 = 18600 kem
The internal couple is furnished by the forces

C=Tw= 72 tona
which must act et & lever arm :

Jop = 180C0/72CC0 = 0.25 ms
Sizee the cable is located at 15 cms from the bottom, then

& = 0,10 =
and tke stresses are .iven by :
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s o 72000 , 72600 x 10

+ = = B0 + 60 iﬂfblg
1200 12000 o

i.e Itnp = = 120 anod rbu1= = O ksjbng gpme answWers as before.

I-% Classification d -]

Prestressed concrete structures cen be classified in a number of
ways depending upon their. features of design and construction :

1) Pre-Tensioning & Fost-Tensioning. The term pre-tensioning is used
to describe any method of prestressing in which the tendons are tens-

joned before the comcrete is placed. It is evident that the tendons
must be temporarily anchored against some abutments or stressing beds
when tensioned and the prestress tranaferred to the concrete after it
aas set, This proceedure is employed in precasting plants or labora-—
tories where permanent beds are provided for such tehsioning; it is
also applied in the field where abutments can be econcomically constru-
cted. In contrast to pre-tensioning, post—tensioning is a method of
p?EustrBHﬁiﬂéthinh the tendon is tensioned after the concrete has bard-
ened., Thu# the prestressing is alaost always performed eagainst the
nardened concrete, and the tendons are anchored against it immediately
after prestressing. This method can be applied to members either pre-
cast or cast in place,

2) End Anchored or Non-End. Anchored Tendons, When post—tensioned ,
the tendons are anchored at their ends by means of mechanical devices

to transmit the prestress to the concrete. Such a member is termed
end-anchored. In pretensioning, the tendons generally have their pre-
stress transmitted to the concrete by their bond action near the ends.
The effectiveness of such stress transmission is limited to wires of

small size.
%) Bonded or Unbonded Tendons, Bonded tendons denote those bonded

throughout their length to the serrounding concrete. lonend-anchored
tendons are necessarily bonded ones; end-anchored tendons may be either
bonded or unbonded to the concrete. In general, the bonding of post=
tensioned tendons is accomplished by subsequent grouting; if unbonded ,
protection of the tendons from corrosion must be provided by galvanis-
ing , greasing, or some other means.

5) Fartial or Full Prestressing: When a member is designed so that
under the working load there are no tensile stresses in it, theno the
coperete is said to be fully prestressed. 1 some tensile stresses

will be produced in the mecber under working losd, then it is termed



partially prestresased. For partial prestressing additional mild steel
bars are frequently provided to re-inforce the portion under tension.

5} Precast En;‘l;—j n-place, EnEli‘tE cnﬂﬁmtiﬂh

Frecasting permits better control in mass production and is often
economical., Cast-in-place reguires sore form and falsework per unit of
product but saves the cost of transportation and erections; it is a
necessity for large and heavy members. Often~times, it is econocoical
to precast part of a member, erect it, and tkhen cast the remsining
porticn in place. This procesdure is called compoaite comstruction.
The precast elements in a composite constructiom can be more easily
Jjointed together than those in a totally precast structure, By thia
type of construction it is possible to save much of the form work re-

gquired for cast in place comstruction.
I-4 4dvantages Concrete a Faterial

The most outstanding sdvantege of prestressed concrete is the pos<
ibility of the effective use of high strength concrete and ateel pro-—
ducing concrete structural elements free from cracks.

In reinforced concrete, the concrete is effectively used only in
the compression zone of the sections and high strength concrete cannot
be fully utilized so long as we use low percentages of tension reinfor-
cements, Even if it is posaible to use high strength concrete, the
sections will be smaller and the required reinforcement will be corres-—
rodingly bigger giving a more costly desizn. Furtbermore, the use of
bigh grade steels for the tension reinforcements is limited by the al-
lowed width of ecracks,.

In Prﬂﬂt;lﬂltﬂ concrete, the high tensile steel is freely prest-
retched to any possible desirable amount and anchored against the con-
crete creating desirable strains and stresses which derve to eliminste
or reduce cracks in concrete. Thus the entire section of the concrete
becomes effective and the higher the strength of the concrete, the
smaller is the sectiom. Stronger concrete is also necessary to resist
high atresses at the anchormges and to give strength to the thinner sec-
tions frequently employed for prestressed concrete.

Frestressed concretes free from cracks possess bigger elasticity
bigger stiffness, higher resistence to externmal and climstic actions

snd bigger gas and water tightumess,

By convenient prestressing, it is possible to eliminste or reduce
inconvenient undesirable strains snd stresses as will be shown in the
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following cases in adéition to what has been explained.

1) By prestressing the tie of an arch one can eliminate its elongation
causing undesirable bending moments in the arch.

2) The prestressing of the footing of a concrete surface of revolut-
jon (a dome or a cone) or the edge beam of a cylindrical shell, elim-
inates or reduces undesirable stresses and strains at the edges.

3) Prestressing reduces the elastic and plastic deformstions cause. by
shrinkage and creep of besms due to the negative deflections which take
place at transfer under the action of dead loads.

4) The use of curved or inclined tendons create upward forces which
counterbalance a part of the downward dead and working loads and bence
reduce the shearing forces in the beam. In addition, precoonpresasion in
the concrete reduces the diagonal tension. Thus it is possible in pre-
streased concrete to use smaller webs and in many casea to dispence .
with most of the web reinforcements to carry the same amount of exter-
pal shear in a beam. g

Prestressed-concrete design is more suitable for structures of
long spen and those carrying heavy loads, principally because of the
higher strengths of materials employed.

Frestressed structures are more slender due to smaller dimensions.
They do not crack under working losds, and what ever cracks may be de-
veloped under over lecads will be closed up as soon as the load is re-
moved, unless the load is excessive. Under dead load the deflection
is reduced, owing to the cambering effect of preatress. This becomes
an important consideration for such structures as long cantilevers.
Under live load, the daflection is also smaller becasue of the effect-
iveness of the entire uncracked concrete section, which has a much big=
ger moment of inertie than that of the cracked section. Preatressed
elements ere more adsptable to precasting because of the lighter weight.

In spite of the previous advantages, it has to be noted that stro-
nger materials will bave a higher unit ceost. HMore auxiliery materisls
are required for prestressing , such as end anchorages, conduita and
grouts. The price of the end anchorage per cable is fived, hence,its
cost per m decreases for longer cables. Frestressed concrete projects
require more elaborate design and continual engineering supervision.
Such over-head charges will decrease if the same typical design is ré-
peated many times., The use of high strength wires is more economic
than the use of normal mild and high grade steels because the rate of
increase of the price is smaller than that of the strength.
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¥rom the ebove discussion, it can be coacluded toat prestressed
concrete design is more likely to be econogical when the same unit is
repeated many times or when heavy loads are acting on long spans. Its
apiplicaticn may also be suitable for pre-cast and semi-precast compo-
site elements. The economy of each case must De considered individal-
ly.

rrestressed-concrete can however cnly be used by specialized des-
izners and contractors having special pre-tensioning factories and ex—
perienced executing crew.
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The most elfective use of prestressing can only be obtained if
~he concrete and the steel are of a very bigh quality.

II-1 Ceoncrets

Special care shall be given to the properties of individual mater—
jals used for the production of concrete for structural menbers in pre-
stressed concrete and their effect on such properties of concrete as
compressive ntregath.-nﬂulul of n;nsticitr.ahrinkage, creep and bond.
The aip shall be produce high quality concrete not only for the sake
of obtaining higher erushicg strength but alse iz order to avoid ser-
jous reductions in the prestressing force. High quality concrete can
be mchieved through careful selection of aggregates, suitable granular
compositicn, use of low water cement ratic, the eventual addition of
convenisnt admixures, gufficient cement content and through proper Bix-
ing coopaction and curing.

The mipimum cement content for prestressed concrete uuft shall be
350 kg. per l3 of finished concrete. The cement content shall prefer—
ably be witkin 500 kg}-}. in no case shall it exeed &00 kgjh}.

The expected crushing strength of the different mixes may be =

cesment dose 250 apd 450 500 kﬁfhi
Strength foog =00 800 500 00 kg/cm
For pre—tensioned concrete min. fess

feog ™ 8O0 kgfhlz

'For post-tensioned concrete min.

2
II:-E.E -ﬂwﬂ ) -—-..r_ll||

Eoo

oo

The stress—strain relation Aaa
7

fom

fom

for a CAGO concrete (i.e concrete ;f
with a minimsum crushing streogth
of 800 kg/cmt at 28 days) is /
shown in fipure II-l.
The modulus of elasticity O e eF io i aa 28 0 M 7o3 E
F16. -1
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EE, and the modular ratio n = EEIEE for the different concrete quali-
ties may be assumed as follows :

Cube strength Loop 300 400 500 660 kgfhnz
Prism i rﬂ? 240 310 250 450 " =
tiod. of elasticity E_ 300 340 370 400 t/cac
fiodular ratio n 6.5 6 5.5 5

Elastic strain of concrete EE

e, =~ L, /K,
The given values of E_ may be used fnr'Igac 0.5 to O.&% £,

Shrinkege straine _.

For purposes of design, the shrinkage strain E gn =&Y be assumed :

Eon = 0.20 to 0.30 mm/m
Creep ¢, and coefficient of creep cur

The term :qerrininnt of creep car isa employed to indicate the
ratio of the atrnin!-t after a lengthy period of conatant stress to
the instantanious straine g immediately obtained at the application of
the streas. Hence 4

Oop "%y L By

For purposes of design it is considered safe to take C_ _ eround 3.
For post-tensioned membera, where the prestresa is spplied late, the
coefficient could be a little lesas, for pfu-tunsinned members, where
the prestress is applied at an early age, the coefficient could be a
1little more.

For a creep coefficient of 3, the amount of creep strain is two
times the instantaneocus elastic strain, Of this two, it can be rough-
1y estimated that about 1/4 takea place within the first two weeks,
efter application of prestress, another 1/% within 2 to 3 months,another
1/4 within a year or two, and last 1/4 within the course of many years.

I1I-2 Expansive Cement

Types of cement that expand chemically after setting and duricg -
bardening are krown as expansive or self-stressing cements. When these
cexments are used to meke concrete with embedded steel, the steel ia
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elcagated by the expansion of the concrete. Thus the steel is prest-
ressed in tension, whiech in turn zroduces compressive prestress in the
concrete, resulting io wkbat is known as chemicael prestressing or selfl
stressed cCOncrete.

when councrete made with expanding cement is unstraioed, the amount
of expansion produced by tue cheaical reaction between the cement and
water acount to 30-50 mm/m and the concrete would then disintigrate by
i{tself. uhen restrained either internally or externally with steel or
other means, the acount of expansion can be controlled.

when high-tensile steel 1s used To produce the prestress, sa
corres onding to tensile stress at 10 t.-l"-::nz and an Eg = 2000 t/cm”, an
expansion of

10 - -5- lﬁmﬂf-.
2000 1000

is required. For other stresg levels, varying amounts of expansion
will ie required.

Because of the expansion in all three directions, it seems
difficult to use this cemeat for complicated structures cast in place,
such as buildings.

Zxpsoding cewent has been successfully applied for many interest-—
ing projects, especially in France. However, many problems concern=
ing tue use of expanding cezent for sell-stressing such as the exact
coctiol of the stresses and strains are still unsolved but its exten-—
sive spplication in the mear future is expected.

1I-5 Steel

The steel to Le used for the prestressing members ahall be one of
the 2 types described below 3
a) liard drawn wire of an ulticate strength not less tham 15 tfh-z
supplied in coils as given in the following table :

@ of wire Ultimate Strength Min. diam. of Coil
n/m t/ca® cm.
7=5 15 - 16 180
4 =3 18 - 20 150
2-1 22 - 24 90

1f diszm. of coil is smaller, the wires must be mechanically straigh-

tened.
b) Silicon chroze or other alloy steel of an ultimate strength of at
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least 10 t!duz .

Froof stress : If the steel has no definite yield point as is general-
1y the case-for hard draown wires, the propf stress shall be assumed as
the tensile stress producing a permanent elongation of 0.2%. The proof
ctress chnll not be less than B0% of the ultimate tensile strength.

The min. elongation at rupture: For hard drawn wires 4% in a 25 cm
zauge and for high strength steel alloy bars 4% in a gauge of 20 diam-
eters. 4Jires and bars usgd for prestressing shall not be spliced by
welding. The stress—strain relation for hard drawn wires is shown in
figure II-2,

fa kgfem’ :

iBawa T -‘-5_—?
Fre il shic Z :

rass A T —
L] T — i

FT ] F: .

F/6. -2

Crcep of Steel

Creep of steel due to normal prestressing forces may be assumed
for design purposes between 3 & 4% , While creep in steel is a fun—
ction of time, there is evidence to show that under the ordinary work-
ing stress for high-tensile steel, creep takes place mostly during the
first few days. Under constant strain, creep ceasea entirely after
about 2 weeks. If the steel 1s stressed to a few per cent above its
initial prestress and the overstress is maintained for a few minutes,
the eventual creep can be greatly lessened, and it practically stops
in about 3 days.

II-4 Fiberglass Tendons

Fiberglass is manufactured by drawing fluid glass into fine fila-
ments. Although this new material bhas not yet been commercially appli-
ed in prestressed-concrete construction, it has been proved by tests
that it possesses cerktain superior qualities that indicate high promise
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for prestressing. in Ultimnte t&...sila str=n=;t"1 of 70 t,-l"i.::l is guite

ccmmoaly obtained. Values as high as 3350 tfc" have been reached for
jndividual silica fibers 0.0C03 mm. in diameter, it being known that
the str:n;i:h varies approxizately inversily as the diameter of the

fibar.

Fiberzlass can be made in three formes: parallel chords, twis-
ted strands and parallel fibers embedded in plastic. The last form in
the shape of fiberglass rods is considered most suitable for prestres-
sing because of its relative simplicity for handling, gripping and
anchorins. As bonding agent in the manufacture of fiberglass rods ,
epoxy resin has pmﬂrd to be superior., Their tensile strenzth is gene-
rally 16 tfcn based on the gross araa of the rod.

Another advantage of fiberglass is its low modulus of elastici-
ty which ranges betwesn 450 and 750 t/cm®, 7ith its high strensth and
low modulus, the percentage of loss of pr2stress would be quite small.
Other advantazes claimed for this material are high resistance to
acids andalkalies and the ability to withstand high temperature- How-
ever soma ma jor problems must be solved before its commercial use in
practice such as : its long=time ulitimate strength,its dynamic fati-
gue, tha best method of fabricating chords giving an even distribution
of stress and the deaign of suitable end anchorages protecting the
brittle fiberglass rods from failing in the grip under the effect of
stresa concenterations and combined stresses.

II=5 Grout

Steel installed in holea or flexible metal tubes cast Iin the
concrete shall be bonded, in which case the annular space between the
perimetar of the hole or tube and the steel shall be pressure grouted
after the prestressing process has been completed. The grout Ehall be
made to the consistency of thick paint and shall be mixed in the pro—
portions, by volume, of one part portland cement to 0.75 part (max.)
of sand and 0,75 part (max.) of water. It may be necessary to elimi-
nate the sand from the mir and use n=at cement grout.

II-6 Sheathing-

Sheathing is used when the cables are put in the form and con-
crete 15 cast around them. The sheathing shall be metallic and comple—
tely water tight specially at joints so that fine concrete mortar can-—
mot penetrate and hinder the free movement of the wires. Sheaths shall
be strong enough to maintain their shape against the forces due to
handling, placing and compaction of concrete and eventual rust effect.

The dinmensions of the sheath must permit the easy flow of grout around
the wires irside it.



IIT- PRESTRESSING STSTEMNS

IIT -1 Pre—tensioning System

A simple way of stressing a pre-tensioned member 1s to pull the
tendons between two bulkheads anchored against the ends of a stres =
sing bed. The forms are there arected around the tenajoned tendons
and the concrete is poured and well compacted, effectively Dby the
use of vibratora., After the concrete hardena, the tendons are cut
loose from the bulkheads and the prestress is tranaferred to the con-
crete by bond. Such stressing beds are often used in laboratories and
preatreasing factoriea.

The dependence on bond to transmit prestress between steel and
concrete necessitates the use of small wires to ensure good anchora-
ges. Wires greater than about %mm, diameter are to be used only if
they are waved along their length or if they are corrugated. In any
case, a certain length of transfer is required to develop the bond.
Should there be insufficient length of transfer, for example, when
eracks peccur near the end of a beam, the bond may be broken aand the
wires may slip. A more reliable method is to add mechanical end an-
chorages to the pre-tenaioned wires.

Id -2 Poat=t i Svyat

The methods used for post-tensioning can be classified under
three main groups: .l) mechanical prestressing by means of Jacks
2) electrical prestressing by application of heat § 3) chemical
prestressing by the use of expanding cement.

1) HMechanical Presatressing :

In both pre-tensioning and post-teénsioning, the most common meth-
od for stressing the tendons is jacking. In post-tensioning, jacks
are used to pull the steel agaimst the hardened concrete as shownin
figure I-1, in pre-tensioning, to pull it against some bulkheads or
mold=s. Mydraulic jacks are often used, because of their high capacity
and the relatively small force required to apply the pressure.
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Preassure guages for jacks are calibrated either to read the
pressure on the piston or to read directly the amount of tension
applied to the tepdorn. 1% is usual practice to measure the elonga-
tion of steel to be checked against the guage indications.

1n order to minimize creep in steel and also to reduce frictio-
pal losa of presatreas, tendons are sometimes jacked a few per cent
above their specified initial prestress. Over-jacking is alsoc nsces-
sary to compensate for slippage and take-up in the anchorage at the
release of ‘jacking pressure, When tendons are long or appreciably
curved, jacking should be done from two ends.

2) Electrical Prestressing :

The electrical method af prestressing dispenses with the use of
jacks altogether. The ateel is lengthened by heating with electrici-
ty. This electrical process is a post-tensioning method where the
coperete is allowed to harden fully before the applications of presa-
tress. It employs smooth reinforcing bars coated with thermoplastic
material such as sulfur or low = melting alloys and buried in the
concrete like ordinary reinforcing bara but with protruding threaded
ends, After the concrete has set, an glectric current of low voltage
but high amperage is passed through the bars. When the steel bars
heat and elongate, the nuts or the protruding ends are tightened
against heavy washers. When the bars cool, the preatress is develo-
ped and the bond is restored by the resolidificatiocn of the coating.

However, this method has been found to be uneconomical in com~
petition with prestressing using high temnsile steel although it hasa
found wide usage in the U.5.5.H. in .pretenajoning.

%} Chemical Prestressing i

As described previously, the chemical reactiona which take pla-—
ce in expensive cements can stress the embedded steel which in turn
compresses the concrete. This is often termed self-stressing , but

can also be termed chemical prestressing { Refer to section II-2).
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IV- LOSBBE OF PRESTRESSE

IV - 1 Loas due to Flastic Bhortening of Concrete

a) Pre-tensioned Concreste

43 the prestress is transfered to the concrete, the member shor-
tens and the prestrasssed ateel shortens with it, hence theres ia a
loza of prestress in the steel, 1t can be calculated as follows :

The concrete straine - due to an axial prestreas Fn is given by

€, = fl:fEI: = ?g.fj"cEr_-, |
The stesl and concrete being subjected to the same strain, then
s = %¢ = By /4 By

where F, 1is the final prestress after the shortening of the caoncrete

haa taken place,
The loas of the prestress in the steel is therefore glven by

E, = F,E, /4, K,

AL, =€, Eg

AL = nan.lc' = nfﬁ

assuming n = 6 and average f_ = ¥ max T.o = 60 kgfc:lz s Then

ﬁrﬂ=ExEE-}EDkE!=mE-,a.nd:tar IHMI:IGDDDtgfnnE
Af, = 3.6 %

b) Poat-tensioned Concrete

For post-tensioning, the problem ia different. If we have only
a single tendon, the concrete shortens as that tendon is jacked againat
the conerete. Since the force in the cable is measured after the elas—
tic shcrtening of the concrete has taken place, no loss in prestress
due to that shortening, need be accounted for.

If we have more than one tendon and the tendons are tensioned
in succession, then the prestreas is gradually applied to the concre-
te, the shortening of concrete increases as each cable is tightened
against it, and the loss of prestress due to elastic shortening
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A ffa=s in the tendons, The tzodon that is first tensioned would
suffer the max amount of loss dus to the shortening of concrete by
the subseguent application of prestress from all the other tecdons,
The tendon that is tensionszd last will not guffer any loss du= to
the slastic concrzte shortening, since all that shortening will have
alreudy taien place when the prestress in the last teéendon is being
measured. For practical purposes, 1t is accurate enough to determine
the loss for the lst. cable and use half of that value for the ave-
razs loss of all the cables. This is shown in the following example.
Consider that the prestressing steel stress in a pest-tensioned mem-
ber is 10 t;:ng a=d carried by & cables which are tensioned one after
anothzr.

The loss of prestrass in the lst. tendon will be due to the
shortening of concrete as caused by the prestress in the other 3 ten-
dons where as the average loss will be assuma2d one half that of tha
1st. tendon l.e.

- . _ 1

4!.....H=n‘F;.fl..= whare F;_EIEIFnaa-FD

The loss of preatress in our case is therefore given by :
AT, = 3.6 %xg=1.3%

In actual practice, either of the following 2 methods is used:

1) de Htrﬂss all tandons to the specified initial prestress
(e.g. 10 000 iny‘:m ) and allow for the average loss in the design
(e.g- 130 kgfr:-n ).

E] de stress all tendons to a value above the specified ini-
tial prestress by 'I:l:m magnitude of the average loss ( e.g. 10 000 +
130 = 10 130 'l:sft:-:l ). Then, the loss due to the elastic shortening
is not to be considered.

IV — 2 Loss due to Creep & Shrinkage in Concrete

The amount of creep is 1-2 times the elastic shortening, but
the loss due to elastic shortening can be counterbalanced for post-
tensioned members, whereas the loss due to creep cannot be easily
cozpensated for.

Assuming that the coeff. of creep Eur = "e‘i ., the loss of
grestress is given by the relation :

. 2
.ﬁ.‘!’nt{ﬂzr—l}-E:—.Ea:{ﬂﬁr-l:ﬁﬂfn

Inrﬁﬂr-z.ﬁ n==86 :I::-Eu
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A%, op =1.5%6 X 60 = 540 kg/cns
For a prestress of .10 ooo t;fnuz , the loas is & 5 = &%

issuming the shortening strain due to shrinkage = Ein
Then the loas can be directly given by

Afy sn =E.n * 5
Tor €., = 0.3 ma/m & E, = 2000 000 kg /cm>
T e —0:3 4 2000 000 = 600 kgfem®

s 8B~ 3000
For a prestress of 10 000 kg/cm® the loss is = 6 %

IV = 3 Losses due to Creep in Stesl

Creep of steel may be assumed 5 to 4% : these values can be
effectively reduced if the cables are overtensioned by 5 te 10 %
and held there for 2-3 minutes.

IV - 4 Losses due to Anchorage Take-1p

For most systems of post—-tensioning, when a tendon is ten-—
sioned to ita full value, the jack is released and the preastress is
transferred to the anchorage. The anchorage fixtures that are sub -
ject to stresses at this tranafer will tend to deform, thus allowing
the tendon to slacken alightly. Friction wedges employed to hold
the wires will slip & little distance before the wires can be firmly

gripped. The amount of slippage varies between 2 & 3 mmsa, and
depends upon the type of wedge and the streas in the wires ... etc.

i ;annra.l formula for computing the loss of prestress due
to anchorage deformation A, 18

.ﬁ.fu = :

for A, = 0.5cm. & l=40ms. Af = ’ﬁgﬁﬂ“ﬂm.zﬁﬂ kz/cm®

IV - 5 Losses due to Friction

a) Gaeneral . In post-tensioning systems thers will be —ovaaent
of the zreatsr part of the tandon relative to the serroundinsg 222
during tne tepsioning opsration, and if the sandon is in contacs
with sith=r the duct or any snacars prsvidad, friction will cause a
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reduction in the prestressing force as the distance from the jack
increases. In addition, a certain amount of frictiom will be develo—
ped in the jack itself and in the pnchorage through which the tendon
passes. The frictional loss can be convenisntly conaiderad in two
parts : the length effect and the curvature effect. The length effect
ia the amount of friction that would be encountered if the tendon is
& straight ope i.e. one that is not purposely bent or curved, Since
in practice the duct for the tendon camnot be perfectly straight,
some frictiom will exist between the tendon and its serrcunding mate—
rial even thouzh the tendon is meant to be straight. This is sometil-
pes described as the wobbling effect of the doet and is dependent
upon the length and stress of the tendon, the coefficient of fric-
tion betxeen the contact materials, and the workmanship and method
used in aligning and cbtalning the duct. The loss of prestress due

te curvature effect results from friction and intended curvature of
the tendons in addition to the wobble of the duct. This loss is again
dependent on the coefficient of friction between the contact materials
and the pressure exerted by the tendon on the concrete. The coeffi-
cient of friction, im turn, depends on the smoothness and nature of
the surfaces in contact, the amount and nautre of lubricants, asd
sometimes the length of contact. The preasure between the tendon and
concrete is dependent on the stress in the tendon and the total chan-
ge in angle.

There are several methoda of overcoming the frictional loas
jn tendons. One metbod is o overtension them. Where friction is not
excessive, the amount of overtension is usually made To equal the
max. frictional loss. The amount of wire lengthening corresponding
to that overtension and the estimeted friction can also be computed
to serve as a check, This amount of overtenslion required for over-
coming friction 18 not to be added over that required for overcoming
anchorage losses OT for minimizing creep in steel. It 48 gufficient
to take the greatest of three required values and overtension for
that amount, This is because in all three cases the overtensioning
consists of an overstreching and a subsequent release back. It must
be noted that, if most of the friction exists near the jaciing end,
overtensioning to balance that friction will not produse auny over=
atretching of the main portion of the tendon and hence will not Berve
to minimize creep to anoy extent.

Tha effect of overtensioning with a subsequent relezse back
im to put the frictional differsnee "in the reverse directicd.
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when tha frictional loss is a high percentage of the prestress it
cannot be totally overcome by overtnesioning, since the max. amount
of tensioning is limited by the strength or yield point of the tendon.
The portion of the loss that has not been overcome must then be allo-
wed for in the design. Jacking from both ends, of course is another
means for reducing frietional less. It involves more work in the
field but is often used when the tendons are long or when the angles

of bending are large.

b) Theory of Frictional Losses

The basic theory of frictional loas of a cable around a
curve. can be derived as follows : .
48 F E.dF

5 - ——

= Fa'i®

|
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Consider an infinitismal length dx of a prestressing circular part
of a tendon of radius r, then the change in angle of the tendon aa
it goes around the length dx is d@ =dx / T

For this infinitismal length dx, the stress im +the tendor
may be copsidered constant and equal to F; then the normal component
of pressure produced by the stress F bending around an angle 49 is

Eiven by
F=Fdd =F dx /r

The amount of fricticnal loss dF around the length dx is given by
the pressure. times a coefficient of friction p , thus,

dF = - K N

A /P = - pdo
Intigrating on both sides, we get

lbgaft—un

Using the limits F, aod l‘z we have the conventionmal friction
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formula F, =F, e ~H© =% " i /r

since @ = | /r for a section of length | and conatant radius = =

For tendons with a succession of curves of varying radii, it is
necessary to apply this formula to the different pections in order
to cbtain the total loss.

The above formula can also be applied to compute frictio-
nal loss due to wobble or length effect. Substituting the loss kl
for p@ in the previous formulea we get

-kl
luEE.'l' ==kl or 2 = F_];_ -

The zbove formulea are theoretically correct ones which take into
account the decrease in tension and hence the decrease in the pres-—
sure as the tendon bends around the curve and gradually loses its
stress due to friction. If, however, the total difference between
the Tension in the tendon at the start and that at the end of the
curve is not excessive ({20%X), an approx. formula using the initial
tension for the enitre curve will be close enough. On this assump-
tion, & simpler formila can be derived in place of the above exponen-—
tial form. If the normal pressure is assumed to be constant, the
total frictional loass around a curve with angle @ and length L
according to fig. IV-2, is given by :

FiG. I¥-2

For length or wobble effect, we can again substitute k| for w o ,
thus I'E-I‘ln-tl. ]‘l

To compute the total loas due to both curvaturs and length
effect, the above 2 formulas can be combined, giving
Fz'rl“"“.'f"t'rl or
¥a =¥y

e
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The loss of prestress for the entire length of a tendon can
be considered froa section to section, with each section consisting
of either & ssraight line or & simple circular curve. The reduced
atress at the end of & segment can be used to compute the frictional
loss in the next segment ete..

Since, for practically all prestressed concrete membery,the
depth is small compared with the langth, the projected length of
tendon measured along the axis of the member can be used when com-—
puting frictional losses. Similarly, the angular change @ is given
by the tranaverse deviation of the tendon divided by its projected
lensth, both referred to the axis of the menber.

Ceoefficientas of Friction B E k
Values of p may be taken a3 i

0.55 for sateel moving on concrete
0.30 " - . " gteel
O ¥ 25 “ “ " ” 1Em.

In circular construction where circumferential tendons Aare
tepsioned by means of jacks, the losses due to friction may be
calculated from the formulea giver before, but the values of p may
be taken as I

0.45 for stesal moving on smooth concrete
0.25 - n b w gteel bearers fixed to concrete
.10 = L - " s rallers.

The walue of k per meter length should generally be taken as not
lesz than 52.:1D'4fm.1engyh but where strong sheaths or duct formers
are used closely supported aoc that they are not displaced during
the concreting operation, the value of k may be taken as 16 ® 107

c) Example 2

A prestressed-—concrete beam, Fig. IV-3, is contlinuous over 2
spans and its curved tendon 1is To be tensioned from both ends.
Compute the percentage loss of preatress ‘due to friction from one
and to the centre of the beam ( A to E ). The coefficient of fric-
tion between the cable and the duct is teken as 0,4, and the avera-
ge wobble or length effect 1s represented by

K= 32 x10 %/n
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FiG. IT-3
Solution 1 ¢ 4 simple approx. solution will lst. be presented 3
——J— = = E1 = n
Fa
- - 32x107%=x21 - 0.4 ( 0.167 + 0.1 )
= - 0.067 = 0.107 = 0.17% 1.e. loss = 17.4 %

sgluticon 2 ¢ The above solution does not take into acc

cunt the

gzradual reductlon of stress from A toward E. A more exact solution
would be to divide the tendon into 4 portions from A to E and sonsi-
der each portion after the loss has been reduced from the preceeding

portions. Thus, for stress at A&

Fis

AB, length effect kLl = 0.0032x5 = 0.016
Streas at B =1 - 0.016 = 0.954 F,
BC, length effect gl = 0.0032 x8 = 0.026
Curvature effect u9o = 0.4x0.167 = 0.067
total 0.026 + 0.067 = 0.093
Using the reduced stress at B of 0.98%,
the loss is ‘0.09% x 0.984% = 0.091
Stress at C = 0.984 — 0.091 = 0.893 Pl
cD, length effect Kkl = 0.0032 x5 = 0.016
Uzing the reduced stress of 0.893 at C,
thﬂ 1“55 is ﬂ-ulﬁ x uiagj = Dtﬂl—""
Stress at D = 0.893 - 0.01% = 0.879 Fl
DE, length effect k£l = 0.0032x3 = 0.010
Curvature effect we =0.4x0.1 = 0.040
total 0.01 +0.04= 0.050

loss
Stress at E
Total loss from & to B

0.05x0.879= 0.044
0.879-0.044=0.835 ¥y
1 = 0.835 =0.165 1.e.

16.5 %
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The leoss accerding to tnis metbod is slightly less than the
first approx. method.

IV — & Total Amount of Losses

From the previous investigations we may conclude that for
average steel and concrete properties, cured under average air con-
ditions, the following tabulated percentages may be taken as reple-
sentative of the average losses 3

Pre-tenaioning Post-tensioning
Elastic shortening 3 1
Creep of concrete 6 5
Shrinkage of concrete 7 &
Cresp in steel 2 . i
Total loss 18 % 15 %

The table assumes that proper overtensioning has been applied
to reduce creep in steel and tc overcome friction and anchorage
losses.

Fxamole ¢

A post-tensioned concrete beam (fig. IV—4) with a cable of
24 parallel wires (total steel area 7,2 cm ) is tensioned with 2
wires at a time. The jacking stresa is to be measured by jack gage
pressure, The wirea are to be gtresged from one end to a vaule of
f, to overcome frictional loss, then released to a wvalue of f, 80
that immediately after anchorage an initial prestress of 10 t/e
would be obtained. Compute f, & f, . Then compute the final design
stress in the msteel after all losses have taken place,

Assume the following : F/G. IT-§

1) Coe’f. of friction M = 0.55 between steel and concrete
k = 32 x10™" for length effect.

2) Deformation of anchorage and slippage of wirea estimated at
1.5 ma. E_ = 2000 000 kg/

%) Elastic shortening of concrete is to be computed for

E. = 300 000 kg/cm®

c
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4) Creep coeff., of concrete Cor = 2.5
5) Shrinkage of concrete €, = 0.2 m/m
6) Creep of ateel =~ 3% of initial steel stress

§nlutiun 3

1) Loss due to frictlon =

Length effact = kKl =0.052 x 10 = 0.032
Curvature effect = RO = 0.55 x0.133 = 0.072

Total = ©0.032 + 0.072 = 0.10%

Hence it is necessary to tension the steel to £ = 10 000/(1-0.104)

= 11 160 kg/cm>
at one end in order to overcome the friction and obtain A stress
of 10 000 kglcm> =at the unjacked end.

2) The anchorage slippage of A= 1.5 mm. occurs only on one and ,
since the unjacked end would have its slippage taking place before
the release of Jack.

The loss is given by AL '+!u _ =D—'-A-5“m 00 . mn;.rcm?

Hence, by tensioning the steel to £, = 11 150 i-.p’c.-.na and then relea-—
sing it to £, = 10 300 kg/cm® for anchoring, the min. stress after
anchorage will be 10 000 I:Ef:nz . This min. stress will occur at
both ends of the beam.

%) Since the wires are tensioned two by two, the firat pair will
loose some stress due to the elastic shortening of concrets under
the action of the subsegquent 11 pairs, and the average amount of
loaa will be approX.

a3 x 20,090 222 x 2883008 = 183 xg/on’
&) 'I.‘harﬁrn-.!uinthn gteel 48 ¢ 10 x 7.2 = g2 tons

the corresponding elastic shortening is

72 000 _ = 0.2 x 1072
20 x 60 x 300 000

Creep of concrete (2.5-1)0.2x :I.D_'E = D.3 x 1D_3'"

Loss due to cr=ep = 0.3 x lﬂ'} x 2000 000 = 600 I:gf:nz
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5) For & 5 = 0.2 mn/m

Loss dus to shrinkage = 0.2 % 107> X 2000 000 = 400 ka/ca®

6) Creep of steel 35
Loss due to creep of steel = 10 Q00 37100 = 300 tafcm?

The total loss 3

Elastic shortening 183
Creep of conc. 600
Shripkage of conc. 400
Creep of ateel 300

1483 kg/ca’

Eventual loss of prestresa = 15



V. ANALYSIS OF PRESTHESSED CORCEETE SECTIONS

The U.AL.RE. cods of practice for the use of prestressed concre-
ta given in the appendix shows the main outlines for the analysis

and dimensioning of prestressed sections. It includes in its third
part i3

The fundamentals of deslign, the assumptions, the stages of loa-
ding, the allowable stressas in concretes, safety against crackicg acd

failure, allcTable stresses in steel .... ete.
V=1 GStresses in Cancrete and Steel

a) Btresses duoe to the prestress

If the prestresa F i8 applied at the centroid of the concrete
asactlion, the concrate compressive stress is given by &

.fn e F /A
in which
P =. prestreasing force ( initial or final )

A = pgrea of net or transformed section according to case under

consideration, generally assumed equal to 4,
Induced compressive stress in steel is 3

I.Infc

which corresponds to the loas of prestress due to elastic ghortening
given before in the form

:._ Inrnf‘-“

If the prestreas is applied at an eccentricity e from the e.g.

axis, then thes concrete stress at any fiber at a diatance
the same axis 18 given by

fc'+ 3’-’1":

initial prestress, at transfer
final prestress , under working loads.

4 from

in which
F =

or L
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The extrems fiber stresses are therelfore given by

f_I' F e
e =k * 7@
where Z is the section modulus.

b) Stresses due to loads

The extreme fiber concreate stresa due %o externmal loads causing
a bending moment M 1s :

Ii: =+ dy /I =;F_H.f3

One has to determine the extreme fiber stresses under the diffe-
rent stages of loading, generally :

1) under the initial conditiomn, transfer, with full prestress and
no live load, and

2) under the final condition, after losses have taken place and with
full live loads.

In prastressad concrete, prestress in the steel is measured
during tensioning operations, then the losses are computed or esti-
mated as given in chapter IV. When dead and live loads are applied
to the member, minor changes in stress will be indyced in the ateel.
In & reinforced concrete beam, the Bteel stresses aii agsumed to be
directly proportional to the external bending moment. When tThere is
no mummnm there is no stress. When the moment increases, the steel
stresses increase in direct proportiqn. This is not true for a pres-—
tressed concrebe beam, whose resistance to external moment 1s furnl-
shed by lengtheding of the lever arm between the résisting forces C
and T which remain relatively unchanged in magnitude,

The stress in steel of a bonded beam can be computed by the
usual elastic theory as n times the corresponding concrete stress,
1' El

f = n My /1 = nft

a c

Since the maximum change in concrete stress at the level of
steel 13 not more than 150 tgftn? in most cases, the corresponding
change of stress in steel is limited to 150 m or 900 - 1000 kg/ cm>

even though, the prestress is as high as BOOD to 10000 ksfhmg .

Txample § @& post-tensioned simple beam on a span of 10 ms. carries
a supecimposed load of 1152 kz/m in addition to its own welght of
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288 kz/m'. The initial prestress is 10 t/cm®, reducisg to 8.5 t/cm®
after deducing all losses. The parabolic bonded tendon bas an arsa

of 7.2 co, o = 6. ( Piz I-7 ) compute the stresses in the stesl at
mid=span.

Total dead and live load on beam w = 1152 + 288 = = 1440 ke/m

Kax. bending moment M, = 1440 x 10°/8  =18000 kz/m
dax. moment due to preatress Il' = 7.2 r B500 x.15% = 9150 kg/m
Het moment at midspan M = 18000 = 9150 = BB50 kgnm

Etruis in concrete at level of £ = %1.5 = 357 iEJ’nna
ataa

Corresponding stresa in steel f =6x 37 222 I'.g,.n’v.:|::.""1
8500 + 222 = 8722 kg/cn’

Besulting stresa in steel o

V=2 Cracking Moment

The moment producing first hair cracks in a prestressed concrete
beam is computed by the elastic theory, assuming that craking starts
when the temsile stress in the extreme fiber of comcrete reaches its
max, tensile strength f_ j thus ( Pig V-I )

[
n =
e f.-c
+““-—£~¢-£_‘ GEL E

& L i ft
Frg ¥-1

F F e M
S e b i mlall”
from which, one can determine the cracking moment M.

V-3 Ultimate Moment

As in reinforced concrete, the failure of a section may be due To
the excessive elongation of the tension steel witn a corresponding
failure of the concrete in compression — case of under - reinforced
ssctions — or due to the failure of the compression zone before yiel-
ding of the steel - case of over-reinforced beams..



There is no sharp line of demarcation between th2 percentagze of
reinforcement for an over-reinforced bsam and that of an under-r-iny
forced one, The transition from one type to another takes place ETa-
dually as the percentage of steel is varied. For the matarials pres-
ently used in prestress=d work, the normal reinforcement ranges bet-
wesn 0.3% and 0.8% . Such ratios of reinforcement can be termed as
under-reinforced ratics. If the ratio is over 1%, sudden crushing of
concrete without substantial elongation of steel will be likely to
take place. If it is less than about 0.15%, breaking of the wire fol-

lowing cracking of concrete may occur.

a) Under-Reinforced Bonded Beams

In under-reinforced bonded beams, rupture is asaumed to take
place when the stress in the prestressing tendons reaches the ultima-
te value and in the ordinary steel the yield value. The compresailve
stress in concrete in the compression side may be assumed in the sha-
pe of a rectangular block with an average stress £,=0.85 2,

(Fig V-2).
P
l 4“‘:&4 u.r 2. §

+'--_—___‘t_______l ' '&rr jq:-f(;-é}

7/ -2

The average prism strength .r may be assumed as follows :
Cube strength T.o8 300 4ﬂﬂ 500 600 tgfnn

Prism ™ fﬂp 250 310 380 450 " "

Aver.prism " £, 200 ‘260 320 380 " "

The depth of the neutral axis z in the case of simple bqnding
on a rectangular section of breadth b can be determinsd from the

condition
C = 7T
or IP t b= A_ T



e ] By

i b
so that ::;ﬂ:_E‘—__T_’.‘L
P
Lﬂ rl-'ﬂ. rﬂ
and = - =
§ =5 x J"‘?;
in which - p= .l.‘f‘hd = tatio of tension steel

hﬂ“ﬂmﬂ%mh:ﬂqﬂnﬁﬂﬂtﬁ:nﬂnﬂ:m—
ﬂnuﬂﬂ’ﬂ!-'!]'n .
lu-l rrih-lirm = I“-‘-.i:"_m

o
assuning Yop = ﬂ-%.l—;%-ﬂ(l—.%}fﬂfl—ﬂﬁg

Then g, = £, -4, -2(1~ :Il
b) Over — Reinfoarced Bonded Beamn

The above method assumes that the ultimate strength. of the
‘steel can be developed at the rupture of the bean. But when a section
is over = reinforced,-the compressive fallure will take place in the
coperete before the ultimate strength in the steel is developed, the
ultimate load in thiswase is increased by prestressing. For deslgn
purposes, the ultimate moment in & rectangujar section or o flanzed
numummuumlm-unmmmmm-mm—
tely be assumed as follows 1

M, =0.3 :I!'_E‘hd.z

Failure by compression occurs suddenly without werning signs.
It uﬂﬂnﬂnﬂmﬂﬁhnuﬂitiunttﬂlmmm ultisate
load.

V-4 Composite Sections

In prestressed concrete censtruction, it is often advantagecus
tnprnnutprtntlmﬁm,lﬂtittnpnnitm,mmt the
remninder of the sectiom in place. The precast and cast in place

wm act together with proper keys if necessary and form a
composite sectlon.
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The figure ( V=3 ) shows a composite section at the midspan of
a simply supported beam, whose lower stem is precast and lifted into
position with the top slab cast in place resting directly on the sten.
The weight of both the slab and the stem will be carried by the stam
actinz alone, After the slab concrets has hardened, the composite
section will carry out live or dead load that may be added on to it.
The fig, (V-3) gives the stress distribution for varicus stages of
working load conditions. For the load producing first cracks, it is
assumed that the lower fibers reach a tensile stress equal to the
tensile strength of concrete. Further, if failure in bond and shear
is prevented the ultimate strength of a composite sec. can be compu-
~+ted by a method similar to that previously described for a simple
prestressed section. ( Fig, V-4 ).

TV

f.n-r‘wf ﬁt’fm!ﬂ'
F1& ¥-¥

V-5 Example
The midspan section of & composite beam is shown in figure V-5.

Tha precast stem 30 x 90 cms is post-tensioned with an initial force
of 175 t. The effective prestress after losses is taken as 148 t.
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Voment due to the weight of that precast section is 26 mt at midspan.
After it is erected in place, the top slab of 15 cms. by 390 cms wide
is to be cast in place producing a moment of 13 mt. After the slab
concrete has hardened, the composite section is o carry a max live
load moment of 48 mt. Compute stresses in the section at +wvarioua
stages and determine the factors of safety against cracking 8; and
failure =55 «

A_ = 17.5 en®  £__ = 16 t/em~  f_,g= 300 ke/cem® f£_= 200 kg/cm®

sa p
Rect. Prestressed Szec. Composite Sec.
Area 30x90 = 2700 2700+415x90 = H050. cm®
Moment of inertia 30x90°/12 =1822500 | 4328437 en’
¢.g. from sottom at i 85 B2.5 cms

Stresses in concrete duoe to 2
:r.uitmmntruur“:-lgﬁ—mil x 30 x 85 _ g5 4 130

rtng..-55+13-n-+55w=n2 £, o= - 65 = 130 - 195 kg/cm®

Final prestress I_,_%EI%W = 55 £+ 110

- 2
:I.'tnpn-ifn-r]_].ﬂ--rjﬁtgfuz xhntﬂ-55-uu-155tgf¢n
Dead load moment M, = 26 mt. r.:i%iqﬁwmz

2
Slab moment E = 13 mt. f =+ l?c%;%%’i =+ 32 kg/cm

8
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The previous cases act on the rectangular section of the pr-uuj stem.
Tha live load acts on the composite section, producing the stresses:

foop = DEIFRE 2o w kg
Toot = %&2 ; = + 69 kg/em®

So that the streass at the bottom of the flange is given by
£ = - 87 x-5h2 = - 30 kg/cm®

The stresses for the different cases are shown in fi;lﬂ:l:‘i'. V-6a and
for the different stages in figure V-6 b

| &5 S5 -€5 -7 i
feo S _H': My Mp
z i =¥7 —¥TF
l L 2 = =9F - -
. wr
-3 e -<d
Fos H; " F«H‘l"’ L' ﬁ’#" H“. E"ﬁ’qﬂ
16 ¥-&

Assuming the tensile strength of concrete in bending f .= 30xg/
ﬂﬂa. the cracking live load-moment can be calculated as follows 1
In order to have the final value ef f, . = 30 kg/cm®, the tensile
Btress due %o live load must be egual to 69 + 29 = 98 Eﬁﬂ:ﬂa so that

62
Ferack, X 10° x ﬁﬁ%r = 98 or Mook = 58 mt.
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The factor of msfety agaimst cracking is therefore
By = 68/48 = 1.8

e ———

The ultimate strength of steel '!“-j..t“- 17.5 x 16 = 280 t

Averags compressive streas at failure fp = 200 tg;f:nz
Area of compressjem zone st failure = 280 000/200 =100 co
Height of compresasion zone = 1 800/90 =15.6 cm
Canter of compression lies at ~ 7.5 ecms from top. Bo that

Lever arm at M, Im-lﬁ-lrﬂﬂ—lﬁ-‘?-S-ﬂE-.ﬁﬂ
Ultimate moment M, = 280 x 0.825 : = 231 mt
Tntﬂdﬂd+11ﬂ1ﬂﬂlm1‘+_l.ﬂpiiﬁ+13+-ﬂl = 87 ot

Factor of safety agalmgt failure is therefore
8, = 2351/87 = 2.66

V-6 Geperal Remarks

Ths elastic design of prestressed sections is based on the fact
that the section-ia governmcd by t=o cco=trolling walues of extesmal
bending moments the total moment M which sontrols the stresses under
the action of the working loadsy and the glrder load moment !E' whilch
determinea the location of the ¢.g.s. and the st¥rssses at transfer.

It i deasirable to revise here the basic concept of a resisting
couple in a prestressed-concrete beam section. From the laws of sta-
tics, the internal resisting moment in a prestressed beam, as in =&
r.c. beam, must egual the external moment, That internal moment can
be represented by a couple, C-T, for either the prestressed or the
r.c. beam section. T is the centroid of the of the prestress or teo-—
gile forece in the steel; apd C is the center of pressure or the cen-
ter of compressiem on the concrete.

There is, however, an essential difference between the beha =
viour of & prestressed 4 or a reinforced doncrete beam section. The
difference 18 explained-as follows 3

1) In a reinforced concrete beam section, &S the external ben-
ding moment increases, the magnitude of the forces C & T is assumed
to increase in direct proportion while the lever &TW Jgm between
the two forces remains unchanged. { Fig V-7a)
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2) 1In aprestressed-concrete beam section under working load,
as the external bending moment increases, the magnituie of C & T
remains practically constant while the lever arm Yop lengthens al-
most proportionally. Since the location of T remains fixed, we get
a wvariable location of C in & prestreassed section as the bending -
moment changes. For a given moment M, C aan be easily located, since

f}rc!-'ﬂjﬂi._- M and Yor = M/C = M/T

Thus, when M = 0 , Tor = 0, and C muat coinside with T, When M
is small, Yop 18 alsc small. ¥hen M is Jlarge, Tor is also large .
(Fig V-7 b).

In a prestresased—concrete beam, the amount of initial prestress
F, 18 measured and is rather accurately known. At thes time of trans-
fer of preatress, T = l'n. After all losses have taken place, T = B e
Although the wvalue of T does change as the beam bends under loading,

the change is small within the working range and can be neglected in
design.,
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Cnce the maznitude of T is knowm, the yalue of Yomp can be com-
puted for any value of Y4, The location of C can thus be deterziped.
7ith the position and magnitude of C lmown, stress distribution across
the conmcrete section can be cbtained either by elaatic or the plastic
theory, although orly the elastic theory 1s usually followed.

It may be coovenient in some cases to determine the stress freo
+he moments about the core polntm and ¢, shown in figuce V-8, that

is

o s .’
_E‘. ire ] ly % B
7 g =
/% + | -—t
‘ T—E
prwaieess [
Vol =4

The stresses at the extrzme outside fibers of the section can be gi-
ven iop the form i

feop = %N/ % W) foot = My /%
in which

M, B = moment of the internal compression C about the bottom end
" top core points respectively
For a prestress T acting on a section 1 C = F and

H'.htl'(-ﬂ-nh} "Ii-. I{I-l-!.‘.t}
For any moment M acting on a section 1 C =F = W Yo

and e'= Yop = ©

so that

%:!{E'-rﬁ-h} u:r{ﬂt-!'}
We have further

Z, = I/7, and Z, = I/n,

ey = I/ Ty = raf;rb and Sy = I/4 Ty = 1‘21'1"1;
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in which .
I, 2, A and ©r are the moment of inertia, section modulua, area and
radius of gyratlion of croass-section respactively.

In the previous egquations, tha section values 4, I, Jer Ty »
Gp 5 Cp 2 ® and &' are generally calculated for the full concrets sec-
tion, although it ia supposed, in case of pretensioning, to use the
tranaformed sectigns and in case of post temsioning to determine the
stresses on the net section dus to the initial prestress and dead
loads and on the transformed section due to the final prestress and
external live loads. Judgment should be exercised in deciding whether
refinsment is necessary or whether approximation is permissible for
asach particular case.

Figure V-9 shows some of the simples relations between tha
stress distribution and the location of C, according to the elastic

theory.
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¥VI. DIMENSTONING OF PRECTRESSED SECTICIE FCR BETDING

VI-I Pactors Affecting the E- esizn of Egun‘h:'ulsud. Sectiona

The statical eystem of a prestressed element im to be chosen
according to the available constructicnal means, the assthetlc Ta-
guirements & the necessary economic studies . '

Having chosen the system, the loads and the corresponding in-
ternal forcea can be estimated based on previous experience.

The following shows soms simple methods for choosing ths con-
venient concrete sectipn and the neceasary prestressing steel.

The design of prestressed sections is generally governmed by
the max. moments. In prestressed girdera of not 1:!1..1:1“13‘ big spacs

and withk inclined tendons, the prircipal diagonsal tensile B8stressea
mgmmllrlmunﬂﬂnnntmeﬂmnpuciniwumﬂ.

The prestressing force is to be chosen such that it counteracts
the tensile stresses due to the max. internmal forces. Dus %o the min.
internal forces, very high compressive stresses exist in tha pres—
tressed zone, accompanied, in some cases, by tensile stresses in the
compression sone of the section.

The design of the section is mainly affected by the compressi—
ve stresses, and eventually the tensile stresses, which are llable
to take place due to maximm and minimum internal forces. The ratlo
of the liwve load to the total load is ons of the main factors which
affect the design of a prestreased sectlon.

In case of relatively small live loads, wh_::ﬂ.‘ high compressi-
ve atresses only at the extreme upper fiber. Because of the amall
possible variations in the stresses due to the different cases of
loading, it is always possible in thi=s casa to choose the prestres—
sing such that no tensile stresses are ere=ated and the secticn of
the prestressed tenosion zone can be xept small. For such cases, a
T-section is most convenient.

Ia case of relatively big live ipads end especially in cases



= G

where the bending moments in a section change their sign, it may be
necessary to lncremse the area of cross-section of the przstressed
tensior zone, which remains generally smaller than the compression
zone of the sectlen. This means that one may use a T-section with
strenzthened tension zone or, in the limiting case, an I or a box -
gection.

Rectangular sections do not give a coovenient form for preatres-
sed elemsnts, because they possess an inconvenient relation between
the area and the moment of inertia.

The sectlon must be 8o chosen that the maximun allowable stres—
ses are not exceded in the different stages of loading snd with suf-
ficient safsty against cracking or failur=. The safety azainst crac-—
<lcg or fallure do not generally, in normal cases, affect the design
of prestressed sections soc that a design based on the maximum bending
moment 1s generally possible especially if some factors which do mot
affect the dimensioning of the compression and tension zones are ne-—
glected,

ViI-2 Choice of Prestressed Concrete Sections

The section of the compression zone can be detarmined from the
condition that due to the maxrimum dead Plus live load and final pres-
tressing F_, the extreme upper fiber of the compression zone is stres-
sed to the marimum allowable compressive stress and the stress in the
prestressed tension zone is egqual to zero at the level of the pres-
treasing steel as shown in figz VI-I. The area of the prestressed ten-
8ion zone, being subject to low Btresses, does not affect the design
of the section and may be neglected without appreciable error. Assy-
wing first that the gection has a T form and :

§ =t/n ¢ 1 : W= 1

-||'—|I-—|—

|

|
1||.|||i|||r ‘

=
N
®
b
Y
il
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then the marimim working moment that can be resisted br the section
can ba given in the form 1

B

Epay = F rtnp '_3_1'

fu Ll E L b € 1)

in whiech

The depth b can thersfore be given in the form 1

]) Yy

=0 ﬁ_—

% tap

- -ﬁ -.V 3 T
x 1-(1=5 )?(1-+)

in which

1. Values of ¢

Ll:s-’E:: -ullt '/ b
B ﬂ'm U’lDE Dllﬂ Gilj’ D-Eﬂ ﬂIEE u;}u n‘q'ﬂ D-En 0-‘?5 ll-"}ﬂ

0.00 -~ | 7.75|5.48| 4. 47} 3.87] 3.46|3.16 2.7812.45 | 2.00] 1.73
0.05|4.57| 4.02} 53,5315, 53 3.10] 2.50) 2. 75| 2.55 2.25| 1.98| 1.73
0.10]3.33| 3.13| 2.56|2.81] 2.68] 2.57|2.48/2.51| 2.18 1.92] 1.73
0.15|2.79l 2.68]2.5112.50| 2.44f 2.36]|2.3012.15 2.08| 1.88] 1.73
c.20l 2.48] 2. 42l 2.36] 2. 30| 2.26] 2.21} 2.16{2.08| 2.01 1.861 1.73
0.25| 2.28| 2.24{ 2.20] 2.16| 2.1% 2.10|2.07{2.01 1,95 | 1.84| 1.73
C.30] 2,14 2,11} 2.08{ 2. 2,08 2.01]1.99|1.94{ 1.91 | 1.82 1.75
0.5011.95 1.94 1.93]1.92 1.9 1.59;1.5& 1.86]1.84| 1.78] 1.73
0.50{ 1.65 1.84 1.84/1.83 1.8% 1.82} 1.82 1.80| 1.79 1.761 1.73
0.75] 1.75] 1.75| 1.75] 1.7 1.74 1.74% 1.74]1.76{ 1.75| 1.73) 1.73
1.0001.7 1.?}l1.?5 1.7H 1.7 1.?3l1.?ﬁ 1.73 1.73| .73 1.73

The lever &rm™ Jomp of the lnternal forcea can be given in the
form

TET =1 hu

in which [
7 - 3.8 )’ (1-w)
1- (1-3)% ( 1-4)




T

s, yalues of 1. _ Top / By

AFII: o'/b

5:% 0.00]0.05 'D.l'DLD.lEr 0.20]0.25]0.30}0.40}0.50]10.75|1.00

0.00} = .5657| .667] +667| .667] .667|.667 |.6567| 657 -B67|.257
. g.05| .975|.867| .B11] .769] . 754] . 733 L7724 . 7C6] .6%4] .67E | .c07
0.10 | .951|.88%| .847| .814| .789] .77C|.75% . 7301 .712| .6B4|.657
0.15 | .928|.885| .854] .825(.802} .784].76% o 78| L7240 BB 1.EET
o.20 | .goa|.874|.848| .826| .BO7|.791|.775 |.750|.730|.652].567
0.25 | .e82|.856.83%6] .819|.802| .788|.774 |.751|.731}.693|.867
c.30 | .859|.841].825| .B09|.7956| .784|.772 [.750].732| .825 | .687
0.40 | .B17|.B06]|.755| « 754 .775]| « 766|757 |.741]| .726|.6935|.867
0.50 | .778}.771|.7648] . 756 .750] . 744 |.738 |. 7261 .715)|.683}.5567
0.75 | «700(.698}.697| .694| .693| .691|.590 |.687| .683|.675|.867
1.00 | .B667|.667]|.667| 667|667 667 |.667 |.667|.€67|.607|.667

The maximum compressive stressea in the lower fiber of the prea-
tressed tension zone take place due to minimum moment and initial
prestressing, The maximum tensile streases at the same fiber take
place due to maximum moment and final prestressing. It may be appro-
ximately assumed that the tensile stress at lower edge due to F - Fﬂ
(i.e; due to shrinkage and oreep) is equal to the allowed tensile
- stress in case of partial prestressing. Its value ia generally cho =
sen 20% of the allowable compreasive stresa. The required section
modulua is therefore

By 555—53235554!' -In case of partial prestressing

z = %:—M:l;iﬁ In case of full prestressing
bot " - -

In case of simple beams max M — min M is egual to the bending
momeat due to live loads.

If the section medulus 2, of the chosen section is smaller than
the required values, the prestressed tension zone is to beé increased
(by increasing b' as shown in figure VI-I). Assujpiag that the ar=a
to be increased is 4 A = ( by = D' e
and A Z, = required 2, - chosen Zy
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The walue of Yoqp can be deterzinsd from table 2.

The required ares of the prestressing stezl can be determiced
from the relation

=
A_= !i—r-'
» Jer Ses
in whick

Lo ™ ths final preatress in stesl after losses
= 0.8 4+ C.85 the initial prestresa = 0.8 + 0.85 %,

Top = 0.67 by for rectangular sectlons
= 0.80 b, for norzal T and box sectlons
= b, - 0.5t for T azd box sections with big b and small b

The required area of the prestressing steel giving a factor of
safety ® against fallure is given by 3

Ay = "%_}_
= e a1
fou = Ultimate tensile strength of prestressing steel
8 = Iactururndawwmtﬂ.ilm} 1.75 | b« o om
- . - if-fﬂ'—r
Example : |

Dﬂﬂ'ﬂiﬂithﬁﬂipthmﬂ.ptﬂ—- f
tressing steal for the T-section

ahown in figure Vi-Z to.carry a4 maX.
moment of BO mt.

L'y 2w com
Asaums I ) "'}‘_*_
max. allowable concrete stress :mn 90 kg.i"ﬂlz g ¥I-2

allowable steel stresses £, =10 t/ea®  fga=8-5 t/ex’

por ¢ = b'/b = 20/80 = 0.25  and sssuming § = t/n, =0.15
table 1 gives c = 2.36

,t:h.u:l:l.
h GVE = 2.36 = 79 cm3
s = $iip "9%_.5

h:h.‘ﬂr-]ﬂ: 79 + 12 = 90 cma




According to table 2

Tor = N hﬂ = 0.784% x 79 . = 62 cms .

Therafore

Yoax 2o 2
L, wpiemagre WETES SR i T
a8 Jor Sa0 x: ot

L[}
H
\n
hJ
g
=]

ITnitial prestressing force % = 10 £ 15.2

VI -3 Method of Herberg -
' For known forms of ssctions, Herberg proposess the following
steps for the design of prastresssd sections.

1) The cross—asction will be chosen according to practical requi-
remsnta, previous experience and Similar structurea. In sstimating
the depth of the section,'an approximate—rule is to use 70% of the
corresponding depth of conventicmal r&i.u_f_l'.‘m:ced. concreta structures,

) In order to determine the prestreasing force F and the corres -
ponding area of the cables A_ , one can proceed as follows z ¥

a) The stresses dus to dead plus live loads are first determi-
ned. '

b) The streasses in the sectlon due to a preatressing force F=1
acting at a convenient distance from the edge of the section is then

calfulated.
¢} In order toc have fb = o under working loads, we should have:

Fo = Ty (gep) / To (p=1)

d) The final stress can be determined by superposition of stres-
ses dus to dead and live loads and stresses due to P . Une has to
gsee that the stress in the upper fiber ftﬂp is smaller than the al-
lowable wvalues. (Fig. VI-3)

e) F_ being the final prestressing force after the loases, the
initial prestressing force at transfer F_ can be determined from
the relation Fu =F_ w or F =F_ / w where w liea between 0.85
and 0.9 according te amount of loases. =

Accordingly, the area i, of the prestressing steel is given

by

Ay, =F, /1,



b

._.__.__*___J{'r.f".l"-‘ J{H'-d ftf,.r_; f

ﬁ (Fur) J‘i (Fa) f‘; ad

Fas £ f;‘r,}f.l"';-
f15 B-2

£) The stresses at transfer are to be determined for dead loads
acd the initial prestress F_ ., The max. values oust be within rtis

o
allowable limits. i [l i X i
1 L 3 1 J B i
EZxamole 3 I ,F—;} I o
__--—E- ] tl- Y + i'{
Fiz VI=4 showa the groas-section T_ i 1'..:-::
of the outside main girder of a sé-4r| £ =so7 |

= 150 mt, determine the pres- f
tressing steel raquired and the e i et £
stresses at transfer and under working loads. Fra ¥T-%

bridge subject to M_-= 700 ot snd [ —-L-—-'—f.-u cpeoms |—1—l—
|

Data : Initial prestress f ag = 10 t.r’cn losses 15% pax. allowabD-
le concrete stress £, = 140 k;fun

Copcrate Section 3 h=165 m h* = 0.13 m P
A=1.57 m° I =0.277% m
F¢= 0.45 m Tp = 1.20 m e =1.07m

Z = 1/7, = 0.616 = z, = 1/y, = 0.231 &

Deterntnation of prastressinz ferce #izg. TI-5
Jending mome=nt due to dead and live loads Hg+p = 700 +150 =

850 nt.
Stresses due to dead ard-live loads 1

T R 3680 t/a° = 368 kg /en”

Ty= =
L

= = 616 = 1380 tfm = 138



stressea dus ta F =1*%

1 e 1 1x1.07 __ g __a e
Ihndr-ltn-m 5.29 t/m 0.529 kz/cm

ft?%+li-:;‘=—t_—]'g:7+ }-aﬂi%"l.ﬂ? tfﬂla = 0.109 "

priatressing force F, = rb{E'FP]' ¥ tbﬂ:l} = 3680/5.29 = 700 %

i 24 r
res
e ey ; 2
Jff f:-llh'f f;-n‘"'l'rf
cecatressing mtesl Ay w W [2,, =700/85 =825 o

Initial prestreasing force F_ = F /0,85 = 700/0y85 =825 ¢

Stresses dus to dead or live loada = stresses dus to (g + D )
multiplied by “B;"Eﬂ! = 700/850 = 0.82% or lp_f “E+P = 15&!&5?:.1?6

reapectively
Stresses due to initial prestresaing F = Stresses due to F,
multiplied by F, / B, = 825/700 = 1.18

S0 that the stresses at the different stages are as shown in figure
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idditional tensjile stress in steszl due to bending can be calculaved
as follows 1

Sending momsnt due to dead + live loada = BS50 =t
Bending moment dues %o final prestressing = P, -& = 700x1.07= 745 "
net moment = 850 - 749 | = 101 "
issuming n = 6.5 , the additional stress will bet

£, = nMy/Ts= 6.5x 101 x1.07/0.277% = 2530 t/n®  =-253ka/en’

30 thats the final stress in prestressing steel = 8500 + 253=8y53 "

VI-4 Method of Leonhardt
a) ral Re ns

The following general ceaditions mpust be satiafied wheno
designidz a section subject to positive bending moments @

1) Por maximum banding moment (max.¥ = ¥' ) and minimum prestTes-
sing force ¥, , the corsressiva 2tress in e upper fiber ttup muat
be smaller than or eocual to the allowable vazue. Hence

ftnp for max. ¥ + r“P for £, ¢ :I!tmp allowed (comp)

Further, the stress in the lower tiber £, . must be bigger Tthao or
egual to zero by full prastressing and smaller than or egual to the
allowable tensile stresa :I:t bot by partial prestressing. Hepoe

foot LOT max.l + £, . for F_ > 0 or { Ty vot allowad
{tersion)
2) For ainioum bending moment ( I!s or H_ = ) and initial prestres-
sing forze F, , the compressive stress in the lower fiber I, ., must
he smaller than or egual to the allowable value. Hence

rbt:ﬂ: for ain.d + f‘hnt for Eﬂ‘_‘-;:fhut allowed (coz3)

Tuysther, the stress iz the upper fibar tt » =ust be bigzer toao oOF
equal to zero by full prestressing and am&ler than or equal to the
allcwable tenaile stress ft top by partial prastressicy . Eencs

for ain.k + L., for F, > 0 or{fy gp allowed

b
- (tensicn)

b) Application to Rictanzular Secticas
Applying these generzl relations to rectangular aecticns
(fiz. ¥VI-7) e g=t the following r
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|
Assumes 1t & = Ab I.I:I.d!-:lan |
then the max. stresses dus to a bending moment .i.
1.
Al are i . +EI|'| . ‘; j:
= bvn? [ | 124
and the maxr., atresses due to a prastressing
force F acting at the c.g.8. are 1 2 ; PU
F 6 F e ¥ 6 F Ah
b “bw PEB b b2 I .F!; .
f -
or flrrh— {l:ﬁl) E

The max, stresses for the limiting cas2a of full prestressing a&are
therefore :

6 *may w ¥y o
La) rtup = = -m— —-—;T{l 6 Xx) < f“p allowed (comp)
6 Mpay w ¥,
2.) fth“-+—"h._]12_‘ hh(l-l-ﬁ?n,]:ﬂ
. F
3.) £ = + m_ L {l1l+6 L) = .fh allowed (comp)
bot 2 Lk ot
b h
: ¥
4) Ty opm - BB - (1-64)=0

This means that the dimensioning dependas on 10 wvaluea while we have
only four équntiun- a0 that 6 values must be given and four values
are to be determined. The dimensioning equations in both casea of
full and partial prestressing are as follows :

Full Prastressing
From the first two equations, we get

"h:
b
=k F‘i’;_t
in which
7 12
5 =SITTex
80 that 4 12"
max
b h rﬂtﬂ?’ 1 4

6 Mo
T;z— -ﬁftnpfl*tﬁ,l]
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Substituting this value in eguation 2, we get

P, =oF = Eh hL, o

Equation & givaa 13

Wy, =k5P R
in which x
iy =dA-z
Ther&fora
fyop = 2 To/oh

The relation between L. and M ___ can be calculated from egquations

2 and 4, thus
lﬁin = 5%553i g;%i—*

So long as M, 18 bigger than the value given by this equation,
then h and F are correct. If is mmaller, one has to decrea-
ae the value of A and thus increase h or ¥, Asruming @@ = 0.9 , toe
limiting value o L_ /™ caz bo-gives-a8 & facktor of A as fol-

lowa g
A 0.475 0.45 0.40 0.35 0.30 0.25 0.20
Mo /My | 0-53 0.51 | 0.6 | 0.39 | 0.32 | 0.22 | 0.10

For practical values of A = 0.45 to 0.20 corresponding to h./h
= 0.95 to 0.7, the values of k, and k3 are as follows:( Fig,.VI-8 )

n /b| 0.50 | 0.60 0.70 0.80 0.90 1.00
k| 3.47 | 2.74 2.34 2.07 1.88 1.73
t5 0,167 | -0.067 | +0.035 | +0.133 +0.233 | +0.333

In normal cases, the c.g.8.— axis is located as low as posaible

go that one caAan assume 3
A =0.40 i.e. b,/ h=0.9 giving K = 1.9

Ansuming further that @ =F, / F = 0.9
used is €300 with £, = 100 kg/em® allowable stTess ,

and t} = 0.25

and the consraté
then




=500—

K
&
= J b VAt /% &
\ f-—‘ & -H{
1.47 W I.._:I _'H-l.. g & I
Py \h'u.
Lo
i
i : P Dt T
i
«sle i i
gl:ll & NT 1 1
-2.8TY L;\\\_,_m ! ‘ bk
te.0 _ : : o
.'.’-!
+7.333
54 preTl ]

: 2
h-u.ﬂﬁv%_ ¥_ =500 bh , Ymig = 130 BB and Ly, 4=1.1 e,
L

Dimensions are in tone and meters.

Partial Preatressing

iIn case of partial prestressing, the fundamental stress rela -
tions 2 and & will be 3

" wa ¥

23 _E' - = : ( 146R) = £, oo TS0~ £,  (tension)

)4
- o = .L f tnmj_m}
ne b h t top '{.’uo vot’ ¢
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Assuning Ly, = 110 ks/en® , 2., = 140 kg/ca® and f, = 30 ks/cs
{ accordins to DIN ) , equaticns 1 and 2' give

h = v EHH.I
hl B !tup

= 12
kl Y E.El-ﬂ..ﬁ
The corresponding prestressing force 13 13

in ®nich

P,= wP =0.366bhf,

Equation 4' related to rtnp can be given in the form

6 U 7

8y - _ﬂ%_l..__?_{],_al .

’ b kb b h ) 110 Ttop
S0 that 5

Bpin = rnhcl'&}*%ftnp

_ﬂr_":r. ) b (6h-1)-3w
w 4 (6A+ 1)

Assuming @ = 0.9 , ths limiting valus of l.infll__t can be given
as a factor of A as follows 1

A 0.475 | 0.5 | 0.0 |f0.35 0.30 | 0.25 0.20

B/ Mooy 034 0.31 | 0.24 | 0.15 0.05 |-0.08 | -0.2s

The dimemsicning formulse under the same previous assumptions will
be

H
-fll iy 2
h = 0.063 mAT En}ﬁﬁhh !!El 50 bh

which mean that the depth is approximately the same as ln case of
full prestressing, while the prestressing force 1s only 75% ¢ the
concrete tensile stresses are further not exceeded by small M, .

Zxample 3

Design a rectangular sectlon to carry a max. moment of 80 at
and a min, moment of 40 mt.



a) Full Pres =1
Assume b = 25 cms , rtwamkyanz,l-am-n.q.u-n.g

h nu.:ﬁﬁ = 006) s = 1.07m

T =500 b h = 500 x D.Eﬁil.ﬂ?n 134 €

Py = Fu/ W =134 /0.9 = 149 t  chosen 150°

2130 b b2 =130 x 0.25%1.07%= 37.4mt { 50 =%
Mpin

Final design and check of stresses

M =40 mt K =20mt T = 150% = £_, = 10 t/cm~ losses=15%
Section 31 25 x 107 ems , Ly, = 100 ke/em®  Tpge = 130 kg/cm”
A, =25 x 107 = 2675 cu” .Yy = ¥ =Nh/2 =107/2 = 53.5 cus

I = 25 x1073/12= 255.22x10% em®, ¢, = o= B/6 = 107/6 = 17.8 cms

A =P, /f,, =150 /10 =15 em® P, = 0.85 F = 0.85 x 150= 127.5%
location of C.E.B. e = Cp = HE rd Fﬂ = 40/150 = 26.7cms
e = 26.7 + 17.8B = 44, Scms

Streases due to initial presatress Iu H

row - 120000 , _EQ__E..._ETiul 000 x 44.05 X 55.5 _ _ 56 + 140

2675 255.22 x 10
so that Liop = * B4 kg/em® & Ly . == 196 ki /ems
Stresses due to final prestress F, @
r = - 227200 , .13?5“”—!“4-5=rm = = B8 ¥ 119
2675 255,22 x 10 -
soc that ftup =+ 71 tgjcm; R 157 kgfcmz

Stresaes due to dead and live loads

5
£=s Y0 X107 x53.5 ., g4 kg/en®

255.22 = 10



So-

Accordingly, the stresiaes at transfer (7, + & ) and at worzing cgo-
ditions ( 7 + g + p ) are as shosn in fizure VI-2

Ffi..ﬂ'—"

b) Partial Prestressiog

Ir plrt:l.ﬂ.‘l. prestressing with an allowable tensile stress of
25 I:g..ﬁ:n is ullumé then the compressive stress due to F, must be
167 = 25 = 142 kg/fcm”™ . 1l.e.

¥_ = 127.5 x 142/167 = 108 ton and

F, = 108/0.85 = 128 ton

The solution for this case will be as follows 1
Section 25 x 107 cms , A, = 2675 em® , I a255.22 x 10% cal
rt-:'h:l:faﬂ.ﬁm- nt-uhnl?.ﬁm

A, = 128/10 = 12.8 cu’ s - c, =40/128 =3L.2
The c.g.8. will be chosen ||..t L] :r 31.2 + 17.8 = 45.0

The corresponding cover will be 53.5 — 49.0 = 4.5
48 small an tharefore, chosen & = 84.5 ecmas as before

-g 8 8

Check of Stmi;uun

Stresses dus to an initial prestreas R, = 128 t

frop = + 8% X 128/150 = + 71 :hﬂn_wa:lzangu.-mmfmz
Streases due to a final prestress Fa =108 ©
rtap =+ 71 x 108/127.5 = + 61 £b £ == 167 x 108/127.5=— 11135:5;::-

Stresses due to dead or live load moment ¥ = o0 ot
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= = B& I:a;,.r'mnz Thot =+ B4 k;.-’una

ftnp
Accordinzgly, the stresses at transfer and at working conditicns are
as shown in figure VI-10

A, M, EaE
T RN TN

The tensile stresses in the section must be resisted by normal mild
ateal having an aErea 1 :

A, = 2222.8x3 . 4.8 e
a x

=) Application te T - T and Box - Sectionsa
Leonhardt has given the series of curves shown in filgures
TI-32 to VI-17 for dimensioning of T - I and box sections based on

the assumptions shown in figure VI-ll

P77

SR |

ﬁ

LR

/éf

R 25T T

4 Miové b

for h: =0,9h ar ha = 0.8 B and !'_=an where w= 0.9 te 0.7

The depth 1s given by the relaticn

h = H.',l A
Eztnp
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X - SECTIONS
1' '-1I

Note : It 18 generally more ecinomic to assume ftn? smaller than the
allowable values j say 80 kg/cm® for a concrete C 300 .
The corresponding prestressing forces are

Fﬂ‘kz‘ttupbh

and
In =F_ Fea
The dead load .
e dea oad moment ‘EE or min lE‘FF is given by

fg or min. HE:? = kj lh h

Toe max., stress at the lowar fiber 't'na*t: is given for a T-sectiom by
the relation

marx, rbqt = k, !'gfhh

Example of m T-section: Fig VI-18
Given HE = 40 mt

" lp:l}s-lﬂ;
frot = 120 kg/ea® ’ Ltap=° kg/en”

£ = 10 t/cm i Losses 15%



T—gection 1

b = B0 cm ' =20 cm
Sompressicn flange . 15 e= -
Solution i _I';fl :
' ]
b' =9y b =20 cm but b =60 em 3 =
therefore ap'= 0.33 and ¢ = l-4 = 0.67 0 .._=
Assuming +r- 0.15 then

$ = 1-+'= 0.85

Assuming b, = 0.9n, then
Fig VI = 12a gives E, = 2.42 »

fla Fr-/
Fig VI = lé4a o t"i = D.26 and
Fig VI - 156 " k, = 0.57 .

As mtated before, it is recozmended to desizm T—sections for a redo~
aed ftnp' It wili ba chosan 75 ‘;5,"’:::.2 Hamea z *

h=k1l I:E-“Ern—'szji:—m = 1.00 m

Top
The corresponding prestreasing force ¥, is given by 3
F=k :tnp b h = 0.26x750x0.6x1 = 117 tomn

The losses being 15% then «w = 0.85 and the initial prestressing for-
ce F_, 1is given by

B= R, Jws =-117/0.85 = 137 ton _
The min. dead load moment K_ can be calculated from the relation:

m.ﬂszkjiqh =0.26 137 x 1 = 35.6 mt

This value being smaller than I-IE = 40 mt, then the c.g.s8.
may be shifted few centimeters upwards, otherwise, tensile stresses
in the upper fiber and high compressive stresses in the lower fiber
may be developed. Thus

For h_ =0.9h and m:i.n..:aisﬁ.ﬁnt.nh;n

Foop =iy P, /Db b= 0.57 x 137/0.6 x 1 = 1300 t/u® = 130 kg/cu”

1f the c.g.s. is located at 12 cms from the bottom, ther the real
values of the stresses at transfer can be determined from the fundsa—
mental principles in the following manner 3
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i =20 x 85 + 15 x 60 = 1700 + 900 = 2600 cm

It:au:lm:ngﬂ:mzzlﬁ = 40 .

;-.h::lﬂn-ﬂﬂ = &0 cms

&

ﬂﬂﬁ'ﬁqrzn;lm:ld? %q-mﬂf,ﬁa.;z = 2511800 en”
e =60 = 12 = ﬂ-ﬂn::ﬂ'

— "ru o Gl - 132 000 igﬂﬂ:ﬂ-ﬂmﬂ m:lnf’:ﬁa

Dl'.'i-'l: c

= 52,5 . 157.5 + 95. 5

F F,e7¥ H_7¥ 5
o + + 137 000 . 1 xHBx40 _ 80x10- x40
f='—+""I_ ‘“’I""'E‘Z‘ﬁn—*% TesLliBC0

top
= - 52.5 4+ 105 = 3.5 =- _11  kgfom"

The stresses under wurtﬂ.ng loads are given by

P F ey
. I\-.- Re- 117,000 % zgpi

bot
= - 45 = 154 + 179 =0

F = 31: “m%’t 117 000 . 117000x48x40 107 %40
§ o g . - BI500 , B - LETeto

top (=]
-:—45#59-5—]—1-95 =_?5quz
The stresses are shown in figure VI-19
i £o
T 227

oy
2

frg #-/7
Yxa~cle of a box-section Pig. VI-20
Given : M. ‘= 25 mt uP-‘?Enrt
2
Lo = 120 wg :tnp = 100 kg/fcm
: = 10 i;,.-"v::m2 lomsee 15 %
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Box=asction 1
P =100 cm b =70 ca 4 = 0.7
dh=60ca # =0.75 g!

ha-.n.gh w = 0.85 |

h = 50 ecm

i

For this data, the curves shown in
fizs. VI-=l5a, VI=16 and VI-17a give:

£ = 2.57 k= 0.238 I;,: 0.158

Therefore

fig T-20

h=t1|'-'ﬁ'u”'§:7p' =2.55 TR o0 = 8l.S s

The corresponding prestressing force =
Fo =5 Tin
The initial prestress F_ 18 therefore

iﬂ' =X /w = 1M.ﬁ_5 =228 %
Min, desd-load-moment 1
min “;‘hs'nh = 0,158 x 228 x 0.815

Check o tragas

P h =0.238 x 1000 x 1 x Bl.5 =

is given by s
isa =

L 25-4 ﬂ) 2-5

Ths section will be chosen 100 cms wide and 50 cms dsep, thick—
ness of top & bottom slabs = 10 cms. and thickness of wvertical weba
15 cms sach. The final prestressing force 1s chosen 200 tons.

Lnilﬂﬂ:mzzi-ﬁﬂ:lﬁxz -
I =100 x 80°/12 = 70 x 60°/12 -
= I/k, = 30.1 x 10°/ 3800 .
cy=cy = T/Y = 7B/ =

Initial prestressing force F_ =¥, Jo =
Location of c.g.B8 1 '-u-hi'llfl'n;ll
Therefore i

chosen o
Stressea at transfer i

& = .'.I.ﬂ.'? + 1943

3800 em”

0.1l x 105 u.l'.'_

793 cm

19.8 cma

200/0.85 = 235 t
25/2%5 = 10.7 cms

-m.ﬁﬁ-
30
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F T ey H_¥ - S
o o B z 'b gggem 235C-0x30x40 25x10- x40
- c ) 30.1 x 10 30.1x10°

fbut
=—62 = 93 + 33 = - 122 kg/em®
F F. ey, X ¥
s [=] (=] t t
. e i
= -62 + 93 - 33 = -2 kafea®

Streszes under working loads 1

F T ey T R ¢ 100x10°x
” JE _®:7 Mg To_ 2000  200000030m0 1002107540
pot = T K LA - 30.1 x * T30.1 x10
0

I
==-53% = B0 + 133 =
¥ F ey, M_ T,
o = - 1 g e

= =55 + B0 = 133 = - 106 ka/ch®

mhe stresses are shown in fig VI=2l

o Cow

/ -of
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TII SHFAR, BOND AMD BEARING STHESSES

YII-1 Shear Strass5es

The shape of the prestressing cable affects the ih.ming forcs
Qe carried by the concrete; for example 1@ ( Pig. VII=1}

o L e RS T
[ ! | | : r i
a) .m--;,uff beaddom L) Benl Tomaon C) Cowvwed Landen wlh

T -F
case &) Tha force iu the sobler has =g gffzet ez -

case b) The shearing force on the concrete Qe is equal to the exter-
nal shear Q minus the vertical component of the prestressing force Q..

-

cas®h ‘c) The shear due to W is rsduced by the vertical component of
the-prestressing in the tendon. In prestressed concrete, it is sSome-
times possible to design a beam with no shear in concrete undsr a gi-
ven copdition of loading; for example, 1f the simple beam cnr‘-rrl.ug a
uniform la:m.ﬂIL w ig prestresssd by a parabolic tendon with a sag equal
to ¥y, = wl/ 8 F. In this case, the tranaverse component of the cable

equals the shear at any polnt, and thers 18 no shear to be carried by
the concrete.

The conventional desigm for shear 1in pres tressed concrete beams
im bas=d on the computation of the principal tensile stress in the beam
and the limitation of that stress to a certain specified value . The
principal tecsile stress f; can be computed 1f the shear stress q and
the normal stress { are known. ( Fig. VII-2)

It is known that =

q,jn.j- ¥ f,_!'..._!...ﬂ_liil and
Ib A I I
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tll §+qz-i-

The inclination of the plane of the principal tensile stress
with the horizontal is further given by

tan 2l =2q/ £

Theoretically speaking, if the principal temsile strees in con-
erete is kept within the allowable limit, no web reinforcement 18 Te—
guired. But in practice nominal stirrups ¢ 8 mme at 20 cms oOrF $ 10
gt 25 cms are most commonly nnglmﬂ.. Single stirrups are uased for
thin webs and double onas for thick webs.

According tothe elastic Theoxry, the web reinfor-
cements can be calculated as followa 13 ;

1) For each sectlon of the beam, compute the marimum principal ten-
sile stress I, and the direction of the principal tensile plane
making an angle o with the borizontal.

2) !urvﬂﬁnllnﬁrn:;:aﬂﬁ:pmins-,mrmatub- taken by
esach stirrup should be rlhtmbumﬂdﬂﬂﬂ-hm

3) Since the force supplied by each stirrup with area i, at work-
ing stress I!!.:.l',_. S “mnmutathnrnuﬂ,u:m-uk-
ing forces obtaining 1

l.ﬂ:.-rl‘h. and

Tuemwnaaiﬂtyundnruvulmd.a,ultinatu deailigano
mst be adopted. Because of thamany factors involved in the problem ,
we mAy follow the following approximate solution : ( Fig. VII-3 )



1) Assume that the potential shear cracks lie at45° With the hori-
zontal.

2) Compute the total ultimste shear O, at the section, using &a
proper load factor, Bay 2 ( i.e. ultimate load = twice working
. lead). Estimate the ultimate shear carried by the tenaom Qau .
The ultimate shesr %o be carried by the comcrete Q. is then &

Uu = 4 - Uu
3) Assume the shear to be carried entirely by the stirrupa across a
45° potential crack, the total ‘pumber of stirrups is h/ e .

%) Assume the stirrups to be stressed to their yileld point £f_ j then
the total resistance of intercepted stirrups is given by h A , X

:I::|_I|,..|ir e . Equating this to the ultimate shear stress in the com -
crete, we get 1

i =hj‘nt=_;"rq'cu

Example 3

A prestressed concrete beam bas a rectangular section 20x120 cms
and is subject to a shear of 60 tons under working loads., The effec—
tive prestress in the tendona is 150 ton and is inclined 1/6. The
fiber stress distribution under working load is 100 kg/ca® st top
fiber and gero st bottom fiber. Allowsble principal ‘tensile etress
is 7 kg/cx’ . 12 mm U normal mild steel stirrups are to be used:

{n“-z.zﬁm”,r' = 1000 kg/cm® and f, = 2400 kg/cm® )
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a) By the elastic design q;lr.wf

for working load condi- ' -m-n IR
f-25 ;
g ferm

tiona deternmine the atir-
col [~ nf

rup spacing. &0
b) By ultimate design method

with a load factor of 2,

compute the stirrups apa-

cing, assuming that the =
ultimate stress in the & FIT-¥

longitudinal steel is 1.8 times its effective prestress.

_I'I'I

Sclution &t fizure VII-4
a) Under working loads

Q = 120/6 = 20 toh Q =Q-Q =60-20=40 ton

@ =~ 3Q /2A =3x40000/2x 20 x 120 = 25 kg/cx®,
r-jutgfcmz

£, = y E%E-I-EEE -'39-=54.3—25 =9.2 kz/cm®

tan 2 =2q /£ =2x25/5 =1 , therefore

2d = 35° and of = 22.5° with the horjizontal.
The spacing of the atirrups e is given by 12
e = A, f, / f£;b = 22511300/ 9.2x20 = 17.0 cnms

b) For ultimate design with a load factor of 2
Q =2x60 =120¢ Q,=1.8x20 = 36 ¢

QC'I.I =120 - 36 = B4 ¢
The spacing of the atirrups e ia therefore given by @

g =h A

- Ichu-uu:zzﬁxzmzaamuxap cos

VII-2 Bond Strasses

To determine the bond stresses existing between concrete and
tendona, two stages have to be considersd : befare and after crac-
Eing of concrete.
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a) Before crackirz :

Conaider an elerentary sesmect lx of a beam betwaen secticos i
a=d 3 where the sktear is @ . Pis. VII-5 '

Al |8
|| AHJ

1““-:1:1___.if-—--—- D _) T To/x

! o1 s T A

It is known that :z M
q&ln&ﬂ[:“‘-.ﬂa

==l
[

But HE:IHII‘: and Ill_-fiIf;r

Henee fa I £, I
Q dx = B - A =
4 ¥ ni, 7

=

Since n..l.nfn - nl.!l = FE'!A. then

= L F, - F
Qaxe L — (7 -7,)

But ia-rl_ = thﬂdl then
q:h:-—I-. g, 50 dx or
n.L.r.
nj. .
W =8307
For round wires .L.;"I,ﬂ = $/5 then

o =2y P/ 81

—

In the pravious equations
d, 0 = diameter and gircumference of wirea
n=E /E, = modular ratio

% = bond atreas
1) After cracking: The full shear is resisted by bond and we get a
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relavion similar to that of reinforced concretz where

2
Jep 20

q:h-
VII-3 DBecaring Stresses due to Tnd Anchoraze

The portion of a prestressed member serrounding the anchora-
ges of the tendons in n'pnsta-tensinned. element is often termed the
end block. Throughout the length of this block, prestress is trans-
Terred from one or more concentrated areas and distributed through
the entire beam section. The .theorstical ‘length of the end block is
the distance through which the change takes place and is not more than
the height of the beam and often is much smaller, The dtress distri-
bution will be discussed for the following cases.

1) Single central cable Fig. VII-6
. P

B by oy e o

';:éﬁiﬁzéi

The prestressing force F acting on the area a'.b is to be
transferred through the end block of length & +to the full section
of the beam depth a and breadth b. The lines of forces are shown
in flgure VII-6, convexr at bearing and then concave ms we move in -
ﬂurdq. The change of direction of the forces camses transverse stres—
Ses, compressive in the conver region and temsile in the concave part
These are generally called splitting tensile farces T; their magni-
tude can be determined according to Moersch in the following manner:

Assume that the resultant T of the splitting forces acta at
the middle of the end block a. Considering the equilibrium of the
forces acting on half the block we find that the two longitudinal
forces P/2 are equal and opposite but not colinear. In order to
ke2D the equilibrium, the forces T must exist.
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Taxing mooants of the forces acting on the lower half of the
Elock about ;_nim: o,

wa et :
2Ta_E(a-a')
" 2 &

g0 that ¥

T=F(a=-a!)4a

Assumning further a parabo-
lic distribution of the stresses

due to T, we get :

fI- 1.5 T/a b

—

The shape of the tenaile stresses f_ depends on a'/a as
can be seen from the curvea of Guyon shown {n figure VII-B.

%

" .I, ! [A{EL I .

-l N =¥ af & -J F aF -

-

1

r [ . o
Ls Xr-f

For a'y/a = 03

flnu:au.ﬁu :I!I = 0.50 F/a b apd lies at a/6 from end,

For a'/a = 0.50 :

r,na.: = 0.25 F/a b and lies at 0O.4a from end,
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If we draw the splitting force as a factor of the prastressing
force, we get the values shown io figure VII-9 which gives further
the position of the marimum transverse stresses.

a5 F I il "
S t av a E
\g‘ ot F -.rl \ | e :;:
é:l .-I',r\ N‘:. 7 & ,:é

# w4 #7 &F +4 o #& +F oF =} r»

Based on photo-elastic etudies, Guyon gave the Iscbar-lines of
equal fﬁ“ for different ratios of a'/a as follows. (Pig. VII-10)

- [0

From these isobars, it can be observed that there are two gene-
ral areas of tension, Opne area is in the center of the section j; it
has a marimum tension along the line of the load and at some distance
from it. Another area is on the sides of the load close to the end
surface., This zone is subject to high tensile stresses but only over
a small area. Accordinzly=it is recommended to .conatruct the end block

and its reinforcement according to one of the arranzements shown in
figmas VII-11 & VII-12.

2) Sirmrle eccertric cables

If the cable is ecceatric, the compressive stresses at the end
of The length of transfer will be t‘:‘ﬂpe::ni:lal.-ﬂuxun has proved that



G i,
*Ir

g Verlrad = Jlr;mf-l:l‘

i Pt sy
2 f il ip
,EJ"E ﬂ-{?

it is on the safer side to calculated the splitting force for an axi-
ally loadad prism with a x b side dizensions wFhers a/2 15 the scal-
ler sige distaasce. In this case f_=TF/ a b. ( Fig VIi-13)

Fr :

il o Avally leaded prism
A~ ._.e-..him Ailerkalan

(-2 =¥
5) Series of cables ar-anzed along the breadth of an slement

Such & case is shown in figure VII-14 and can be treated in the
same way as case 1, only a'/a is to be replaced by b'/b. It has to
be noted hers that we get tensile splitting forcea along the lines of
action of ¥, tensile stressss in tte corners and on the surface betwesn
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the anchor plates and compressive stresses in the zones lying between
the outside lines of forces. Gruss reinforcemsnts are to be arransed

th:uughuut the whole breadth of the element as well as hair-needle
at:n_rrupa to protect the cormers as. shown in figure VII-=14.

4) Beries of cables arran “ab other

It might happen that the prestressing forces act inside or out-

side the c.g. axis of the equally divided areas of the :IE'I - diagram
as shown in figure VII-15.

In case a where two r.uhinn are symmgirically arranged,the split-
ting force can be determined”for prism a = al,.l"E 5

In case b where three cables are unsymmetrically arranged,
divide the stress diagram into three egual area’ puvting esach cable
in the center of gravity of the corresponding arsza. In this manner,
the splitting forcés will be varidble according to a'/a, , !L'IEE...
It is recommended to arranze the maxizum reinforcenmsnt obtained for
a'{a.l throuzh the whole height.

In such cases, we might have different tension zones as can be
Seen from the following two examples :

Cxamrple 1 3
The direct splitting force behind each anchor plate of the case



sho7n in figure ViI-15 i3 to be calculated far the sa3all prism with
side lsnzth a/% . 3izser tensile forces taze rlace cutside theses pri-
szs a=d can be caleulated for the Disser orism a and a' = 3a /8

L Ll
§ "E N
?~f§—t~' =

i

F1§ PI-16

The magnitude and positisn of the splitting force can be given as a
factor of the prestres:ing forces I F from the curves given in fizu-
e VII—':L

Exarple 2 :

In the case shown in figure TII-17, high tensile stresses at
the outside surface are created.

=

Ja

fl& Er-i7

The maximum tensile stress can be calculated from the relation

mAX, :I!'rxja!'uf‘htz

It has bezn further proved by photo—elastic tests that an in~
clination of a cable { 1/10 does not affect the magnitude and posi-
tion of ths splitting force.




VIII - DEFLECTION OF FR=ESTR=3SED SIMPLE BEALS

Deflections of prestressed beams differ from those of ordirnary
reinforced concrete beams in the effect of prastress. Deflection due
to prestress can be computed by 2 methods :

The first method is to take the concrete as a frsz body, sepe-
rated from the tendons, which are replaced by a system of forcss ac=
ting on the concrete. The component of the prestress along the bean
axis is assumsd constant, the component transverse to the beam is com-
puted by the prestress times the tangent of the angle of bending.7he-
re the tendons bend suddenly, the transverse compopants may be assu-
med to be concentrated, where they form a flat curve, the transverse
load may be assumed to be uniformly distributed along the bend.

In the second method, a mo=ment diazra=m produced by the tandons
is directly drawn from the c.z.s. profile. For statically determinate
beams the moment diagram is similar to the eccentricity profile of
the ¢.5.8. line, hence it is only necessary to plot the eccentriclty
profile to ancther scale to obtain the @npﬂnt dinéram. Then the com-—
putation of deflections from the moment diagram is performzd by any
method given in elemsntary strangth of materials,

=x=oole 1

A concrete beam of 10 m span is post-tensionmed with 7,2 en?
of high tensile steel to an initial prestress of 10 t/cm® immediately
after prestressing., Compute the initial deflection at midspan due to
prestreas and the beam's own weight of 288 kg/m', assuming:
E, = 300 000 ksfcma . Estimate the deflsction after 3 oontks, assu =
zing a EEEEP coefficient of C, . = 1.8 and an effective prestress of
8.5 t/em” at that time due to a concentrated load of 5 tons acting
at mid-span. ( Fiz VIII-1)

oolusion 3

Cs3irz the first method, take the concrete as a frea body anil
razlace the tendon by forces acting om the cozmecress. The parabolic
S2alon with 20 cms nid-ordinmate is rezlaced by a uniform load 2=tias



-]

upFard alocs e bezm and caz be ealeulszad from the ralati:n =
F ==l ..H'B:Fn or wgnﬂn_vnflg

St P =7%.2x 10 = 72 tons azd  y, = 20 c=s.

Trar=fars
v = 8 x 7200 x 0.2 / 1i:.‘rE = 1152 zz/m' wupwa-ds,

=

: va
* K7

Fie ¥Imr-1 \/’/
1 ﬂJlﬂ.ﬂIlL’

W

v %

MDD da b F

M. duve lo P

In addition, t-ere will be two eccentric loads acting at the exds
of the beam, each produciag a positive moment U, given by 1@

¥, =+ 72000x0.05= 3800 kgm

Since the weizht of the beam is 288 kg/m', the net unifor=m load
on concrete 13 =

= 1152 = 288 = 864 kg/m'

which produces a=z upward deflectlon given by @

A= Sw1* /388 T T where S = 30 x 10* k5/00® azd I = 36 x 10%ea*

Zance

-E - |
A= 5x 854 x 10 x 1000% / 333 x 30 x 10* x 36 x 10 = 1,04 cus
The end mozents produce a dowavward deflection given by &

A= 112 /8 E I = 3500 00 x 10002/8 x 30 x 10%x 36 x 10%= 0.416 cus
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i.e,. the net Jdellection due to presiTess 2nd owvn wersent i3 givezn by
net & = 1C. &4 = 4,15 = 5.24 =—=s, upwa=is |

If we follow tze sacond mathod, w2 draw the =mo=—aat dis—>am fras
t=e eccentricisy curvs of the tandon and the deflecticn cozzuted the—
refrom. For convenience in cozzutatiosn, the mo—arct @iazram caz be
“ivided into two parts, & parzbola and a rectangle. 3y area moxant
sTineipl=s or any similar asthod tae upward deflection dus to pras -
=Tes53 can ve computed, e.z.

$ 5,12 Ly 12
Fay A Sy =
“48 ETI 81
the first term gives the deflection dus to a parabolic moz=ent with
—ax’-un ordinate at the midile equal to y and the sacopd tera
Sives the deflection due to a uniform moment E? -

L, =72000 x20 = 144 x 10% kz enm

in which

L, =72000x5 = 36 x10% kg em
The deflection due to the prestress is therefore given by
4 2 4 2
A o 2 X 1844 x 10" x 10CO 2 36 x 10" x 10CO =
F " 48 x30 x 107 x 36 x 107 8 x 30 x 10" x 36 x10

Dovonward deflectizn due to & = 288 kg /m"
i

-
A - 5321 _ 5 x 288 x10x 1000
X260 x 10 x 1000
8 364 E1 384 x 30 x 10" x 36 x 10

So that the net upward deflection is

= 0,345 cms

net &4 = 9,70 - 3.46 = 6,24 mms same as before

Jhile the above gives the initial daflection, the eventual def-

lection should be modified by 2 factors : firat the loss
which tznds

which tends
ced from 10
fied by the
tion shoulad
20t susject

of prestress,
to decrease the deflection and szcond the creep effect

To increase the deflaction. Since the prestress is redu-
to B.5 tfmz the deflection due to prestress can be modi-
factor B8.5/10. Then for the creep effzct, the net deflesc-
be inereased by the coefficient 1.8. Thua if the bsan is

to exteraal lcaids the eventual deflection after 3 months
can be estimat=d as

& =(9.7x352-3.45) 1.8 =8,5 2 upwards.
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e calculation Zoz dsfleesions ius =o exter=al Loaes 15 sizilar  to
tha*= far saon-prastresssed beaas. S0 long as the concrate has not srac-
red, the bean car be treatad as a hozogeaious body and the usual elas-
tic theory applizd %o it for deflaction comp=tations e.3. the deflec-
ticn dus to a concenterated load of 5% applied after 3 montas is
ziven by :

a s B s0ce x 10002

48 £ 1 45 x 30 x 10" x 36 x 10°
{.e. after 3 moaths, the net deflection will be

= 0.957 c== dowomwards

A = 9,687 - B.6 = 1.07 m=m domomards!



I - LAYOUT OF TE:DO:S IN STATICALLY DETERMTNATE BEASS

IX-1 ESimple Beam Layout

The layout of a simple prestressed concrete beam s controlled
by 2 critical sections: the maximum moment and the end sections. The
mayimim moment section is controlled by 2 loading stages, the initisl
stage at transfer with maximum prastressing farce F ard minimum mo-
ment EE acting om: the beam and the working load stags with minisum
prestrzssing force F and maximum design monent M. The end sectlons
are ccntrolled by the area raquirsd for shear resistance, bearing pla-
t2s, anchorage spacing, and jacking clearances. Convenient layouts
for pre and post-tensioned beass ar: showa in the {(Fig. IX-1).

ﬂ = = e __'-b—-—"‘--.-‘-h*
—i —

- Iayrvf: 2 layouls For
pre-lensioned beams f::fafenshnu’ beams

Fr16 IX- 1
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. =In pretansioned beazs, straizht cables ars yreferzed, since they
cam be easily tepsi:nsd between two abutments. Jowever in some ‘modsrm
pra-tensioning plants anchors along the prastressing beds have been
purried so that the bendocs for a pretensioned beam can be bent
(systen £ ).

. “ost of the layouts for pretensioned beams can be used for post -
tansioned as well, But for post-tensioned omes, it 15 not necessary

to kesp th2 tepdons straigat, since slightly bent or gurved tendons

car be easily tensizned as straizht onmes. Curving the tendons will

perait favorable positions of c.g.s. to be obtaired at both the end

and midspan sescti:ns and othsr points as well. -

TX-2 Cable Profiles  (Fiz. IX-~2) = 1P

Localion of limiling

Zone fﬁr cas

a; = "Ye

!:'ﬁ&j;

Fig. IX-2

The shown zraphical method gives +the limitinzy zone within
which the ¢.g.s. must pass in order tbat no temsile stresszes will
be producad, In order that, under the workin3y load, the ceater of
pressure, the C-lins, will not fall above the core line, it is ewvi-
dent that the ¢.z.5. must be located below the top cors at least a
distance 1 a; =X/ F . If the c.g.s. falls above the upper linit
at any point, then the C-line corresponding to mAximum momsnt ¥ and
prestress ¥ will fall above the top core, resulting in tepnsion in the
bettom fibar.

Simila=ly in order that the C-line will not fall below the
bottem core linme, the c.5.5. line must not fall below the huF—
tom cors by a distance greater than : &, = I / B, which gives
tte lower 1limit for' tte location of the ¢©.3.8 “If the C.3.3.



-555-

1iss above that lower li=mit, 1t ig seen tkat the C=1ine will e adove
ths bottom cors and tkere will be 20 tapsion in +the top fiper u-der
th2 girdsr load and initial stress ¥, . Thus, it becomes clear tz=t
+ywe limiting zone for c.s5.3. is gliven by toe shalsd arsa In fig. . T2,
ir order that no besmsica will exist both under the girdar load a2=a
unadsr the woriting load. The individual tendons, hcwever, =ay be placsd
ia any position so 11.::15 as tte c.5.5. of all the gahles —a=si-s Ficthin
the limiting zore.

The position and widtk of the lizi -
tingz zone are often an indication of thke
a.d.equa.ér a=d economy of design (FizIX-3)
If =ome portion of the uppar lioit (U.L.)
falls outside or too near the bottom :
f:ver, id (a) either the prestress ¥ or oL ke far sheve M.i
tte depth of beam at toat portion shoulc

be increased, On the other khand, if it M
£alls too far above the bottom fiber, in e

(b), either the prastress or the bean Uppery Losr Limi by "_i'
depth can be reduced. If the lower linut '
srosses tuae upper lizit, in (c), it means Undesirable pesitions

toat po zone is available for the loca-
tiopa of c.5.5. and elther the prestress
T or t-e bezr depth must be incrsased
or to2 girder moment must be increasad Fre IX-3

to deprsss the lower limit if that can

be done. The location of c.Z.S5. as described above is basazd oa the
elastic taeory allowing o teasionm both at transfer aczd under the
workins loai, If some tension is peraitted, then it is possible to
=lace the €.5.S5. line slightly outside the previius limiting zone
(Fiz. TE=4)

for €.g.s. Ione limiks.

wmper Lait :lru-'-? -

& pper Ll for na leasios

--I..'t — T
M e .‘;\.: Lewer fimil for me {eagion
T & LT Lot l'ﬂl-ll' 'Mﬂ: I“.-."'-

Ilhﬁ'ﬁ.’ xeme for t.;.i_ JH-HI-? feasion in concrele.

Fre TX- 4%
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For an allowable tensile stress £, in the top fibers at transfer, we

have: )
o x ¥y - Fo &p T4

= I I

where e, = the amount &.Se8. may fall below the lower limit.

Tar an allowable tensile stress It 4n the bottom fibers under the
woridng load we have: ? e, Ty

rt-—_-

where e, = the amount c.g.%. may fall above the upper limit,

Hence, we get:
f, I " £y A oy

Fo

= =
and *» ¥o T

-{.,__I =rtLE.E
*t .?rh F

fence, the limiting mones for no tenajile stresses can be extended to
1ines 1=l and 2—2 if some tensile stresses are permitted.

IX-3 Cantilever Beam Layouts

Two general layouts are possible for cantllevers: The sincle
snd the double cantllevers. Scme typical layouts are shown in the
following figures (Fig. II-5).

fable location for cantilevers can be obtalned grapaoiecally as
sor simple beams, except that more thought should be glven %o the
possibilities of partial live loads and the reversal of moments. Ths
following figure shows a cantilever beam subject to dead load g and
live load p. The bending moments due to dead load 1!5, live load ¥ _
and marimom or minimum moments M are shown., For convendence in dig-
cuskion, maximmm moment will signify the greatest positive or the
emallest negative moment, while minizum mecment will mean the smallest
_-nasit:!.ﬂ or the greatest negative moment.

In order to get the limiting zdne for the t.g.s. line (Fig. II-5)
£irst plot the top and bottom core lines for the beam e and &, -
lines, If no tension is permitted in the concrete, cne limiting line
is obtained by plotting from each core line the permissible eccentrd-
city e 5, with e =M / P. FKote that e may be plotted from elther
tae o, or the.c, line whichever giwves the more eritical limit.
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Sut e due to +I is always plotted downwards, sizce it tan2s to
s2ift t2e c.g.s. line dowmwards, 8y sizilar reasoninz, e dus ta -
is always plotted upward. In general the uzper lizit for tha zonme is
plotted froa the c, line With a distance e, = S B

B i e o el o e
: o
Shorl Spang Sherl: spans
iw—-—--——"“"‘*‘--—-:‘_——f—. Q;-n_,_____-__“______..-———-—
Ian: Canlilevers 'Er:."i* Cantilevers

——— e — _ — — — i ——

--___‘_____..-—-— _'—“"ﬂ-
et .
SE:-J;’-LE Cabler

f-n: Anchar Spans

F——————ee——————

-T\_

ﬂr-ﬂ'rff Cables .I‘.'.n: Calsfevers

TYPICAL LAYOUTS FOR
SINGLE CANTILEVERS DOUBLE CATILEVERS

Fie IX-5 _

The lower lizit for t-e zone iabplnt:ud from the &, line with
a distance o5 = L .. /.F. Consideration should also be given to the
action of dead load 'alofe, since in this case, we may have ths ini-
tial prestress which is greater than the effective prestress and
may izpose a more critical situation. With the dead load acting alone
another limit is obtained by plotting from the Cy line a distance

L .

R JE fru

43ain plotting the +i downward and the -U upward, In this fizu-
re it is not Decessary ts plot ni from the Sy line, because evident-
1y it will not be controlling. When plotted from the ¢y line, it is
8<2n that, for certain zortions of the bean, ui will be conirolling
Tather than e, + The resultinz li=iting zone is shown shaded.

Jor loag cantilevers carrying beavy loads, it is somatimes
sGomonical to cut off soz: of tha Fresirsssing wires ag intermediats
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Points. The number and location of cut-offs can 8lso be established

& e

Mp for beam

N Hp for cank

Max. b Min Mamenls

c ] [
¢t b T
'ﬂi R e o 'a-:-:-:!'"-.'j__ ﬁﬁrﬁ%ﬁ/ ﬂ*
" - -H_-H 5
F rfl.- = " - h ]‘-"- ﬁ;
M F

by a graphical method, which is the reverse of the above procezdu-e,
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-1 Elastic Desizn of Tension ~embers

Freatrzssed tension membars combine the strenzth of bigh tansilas
Stz2l with the rigzidity of conerete and orovide a unique resistanca
T0 tension consistent with small deforaations that caznot be obtained
by either steel or concrete acting alone. The rigidity of prestressed
concrete serves well, especially for lonz tension mexzbsrs such as ties
of arches. ¥hen prestressed concrete is given strenzth to resist any

local beading and at the same time stesl is stiffensd and protectad.

A prestressed tension mexber can be considered as a combiped atez1
azd concrzte mesber whose strains and stresses bafors cracking can
be evaluated, assuning elastiec behaviour and taking into account the
eflect of plastic flow at the same time,

Assuming total initial prestresas rh and the total effzctive pres-
tress F, then the stress in the concrate will be:

To =2y / Aeo
for the initial prestress ang t.=F/ 4., for the effective mres-
tress in which Aﬁﬂ = the net concrete section.

For a load P applied externally, both concrete and steel will
uadergo the same strain, Hemce the usual virtual area method as appl-
ied to reinforced concreta can be applied here,

Virtual areg of the section 1? = lcu + n.la I-1

If the zross area of concrete A, 1s used, the virtual area is
Ziven by: _ )
.l‘_ = .I.c + (n - l}'lﬂ I=2

This formula is valid only when the section is srouted, other-
Wise use egquation X-1.
The stress due to Py
for ¢
oncrate rﬁ =P / LT

acd for stee =
teal rs =n Pﬁ;v

@) Lin w Design of prastressed concrete strectures,
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Thus the resultant strass dus *o the effective prestress slug
thie extsrmal load are :
for cozecrete £, = ?I;.ﬂn + P‘”‘v I-3

and for stael ;fs = rﬂ + n Pfﬁ.v

If it is desired to determines the load P producing zero stress in
concrete, it is cnly necesszary to Tut rn = 0 in equation X-3, thus

F,..-’Lc o Fﬁ.‘, =0 or
F =-F‘1j‘1=n = = F {Lcu-&nisllkcuur

P-—?{l-l-ﬂ.}-l-;l I-5

It can be easily seen that with no stress in the comeorste, the load
car-ied by the ma=ber is somewhat greater tian the ;u:-&atreas Fa

1t is zmost izporta=t to iovestigate the strains in a prestressed con-
crezte menber, both those due to prestra2asing and those due to exter-
nal loads, Under the initial Prestress ?n » tte stress in the corncre-
te being P /A _ , the unmusznmmg instantaneous unit strain will be
= Fn =

e

which will reduce to E':: = F / EA, after the losses have

ﬁﬂ-

taken place.
Under the action of extermal load P, the instantaneous strain is gi-
van by Eé = PJ/JE A,

In all cases, the value of E must be chosen with regard to the level
of stress and the age of concr=te, and the effect of creep must be

considfered, Let us first compare the magnitude of strains in a pres—

tressed concrete mexmber with those in an nrd.:.mg steal mezober. For
a structural steel mamber streasad to 1400 kg/em”™ correspondirg to a

value of E = 2100 000 tg..-"cm ¢ the unit elonzation is ;:

€. = £./E_ = 1400/2100 000 = 0.67/1000 = 0.67 =z/m

For a prestressad :nmrﬂte member, with the stress in unnr:.rete
changing between 90 kz/cm®> and 0, for an F_, = 300 000 kz/en®, the
unit strain is ;

& £./E, = 90/300 0CO = 0,3/1000 = 0.3 m/m

c
¥oich is less than half of the strain in structural steel.

High tensile stezl alone cannot be used for long tension maxbers
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wiere elongation must be li—ited, In order to be stresssd to its FOr=
ing stress of 8500 kg/em® , the unit elonsation will be

t& = £_/E_ = 8500/21C0 000 = 4/1000 = & = /=

whieh is about 6 tizmes that of structural stz2el acd 13 times that of
prisvressed concrete in the above exa=mple.

Stzains in prestressed concrete mecbers ate influenced by seve-
ral factors. If the precozpression in the concrste rezains over a pe-
riod of time, the shorteaning of that mezber due to creep could be
considerable. Such cresp strain, however, would be gradually recove-
red under the apolication of an external tension -« Since a greater
portion of the creep may be eventually recovered, ths lesgthening of
“he merber under sustained external load may be graater tian is indi-
cated by the elastic calculations,

Example 1@

4 straight concrete member 50 ms. long is prestressed with a
high tensile steel cable through the centroid of the section. The
cable is anchored to the concrete with epd anchorages but separated
froam it by bond breaking agents along its length. A, = 600 -:ma,

Ay = 6 en® | f.p = 240 kg/cn®, steel 16.5/14

Initial prestress :f.'.“ = 10 tﬁ:nz final prestress Lo = Bs5 t,fr::na
Z¢ = 300 000 kg/em® , E_ = 2100 000 kg/cm? .

a) Compute the allowable external load on the member, allowing no
tension in concrete.

b) Compute the shortening of concrste due to prestress, assuming a
creep coefficient of 2,-,

c) Compute tha lengthening of the member due to the external load
obtained in a neglecting creep,

d) If the mezber wers designed of structural steel with an allowable
stress of 1400 ks/cm® compute the lenzthening under the load,

e) Coopute the lengthening if the cable is used alone by itself with
an allowable stress of B.5 ‘I:.'J"cna.

Sclution =

a) From formula I-5
P =3fl-l-n‘}[b_',l=E.5IE..{1+ElﬂCf5{ﬂ:Efﬁﬂﬂ}::54.517

b) Under the fnitial prastress, the shortaaing of the consrste will
be 3
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al -Fulfgclﬁa-mrﬁliﬂMMIﬁmn 1.67 cms,

If the effective prestress is considered, the shortening will pe
n'l._ = al . fsu "Ffsu = 1.87 x .B5 = 1.482 ers

* IT the creep coefficient is based on the effective prestress, ths
total elastic and creep shortening will be :

final Al = 1.42 x 2 = 2.8 cns
¢) Unde= the sxtermal load of 54.6 tons, for a virtual area
Ao = 4,,+ 0 4 = 6004716 = B42 unz. again using E,= 300 020 ks/ca®
tae lengthening of the meober will be =
Al =P1/E 4, =54.6 x 50 00/300 x 642 = 1.42 cms

Which checks closely with the shortening of the concrete coSputed
in b.

&) For a structural steel stressed to 1400 kz/em®, the elongation
will be
Al =1 11’33 = 1.8 x 50 00/2100 = 3.33 cas

e) For high tensile stezl stressed to B.5 tfnnzl the elongation will

be
Al = rﬂml F En = 8.5 x 50 00/2100 =20 cog

X-2 Oraciinz and Ultimate Strenzth of Tension Me-bers

The previous section discusses the coxputation of stresses in a
prastressed conerete tensian asmbar, up to za2ro comprassion in the
concrete. The desizn of such a member may or may not be made on this
basis, depending upon the probable amount of overloading to which the
meaober zay be subjected. In order %o o2t a sufficient factor of sa-
fety, it zay be necessary to desizn the menber so that,undsr wmorking
loads, there will always be Sope residual compressisn in the coneret-.
This will bzcome evidant aftsr a Study of the crackirz and ulticate
strenzths of the mecber. Tersion meabsrs axe ona of the tyrical cases
in mrestrescsad concrete whare d2sizn by the allowable stress mathod
zay be very =uch on the danzerous side and zay not yield coasistent
rasults,

Ganerally spsa:ing, presiressad concrete tamsion mecbers have a
very low ressrve sirenzth abovs the point of zero stress. If the nem-
ver is not cast in ons plece, e.z. if It is =oade up of bloeks, crac-
£ing ray coincide with zero stress. Then any additional load on the




masber will be carrisd by tue s+a23]l alone. Sizce Th2 pre3stTessiiniE
s-asl has a relatively soall arsa of eross—-sectisn, excessive elon-
gation will j-mediataly start at the cracking of concr=te, and fai-
lure of othsr parts of the structure may ragult. For such a naa2xber,
than, it is sevident that a considerable amount of residual co—grss-—
sion is necessary in order to ensure safaty, +tbe amount beinzg sover-
ned by the masnitude of the probabls overloads.

Tf the member is ecast in one piece and if shrinkags ard other
aracks have not ocsursd, it will be able to tak= soze tension bafors
eracking., The direct tensile streasth of concrete is variabls and
zenerally ranges from 1/18 to 1/12 £, » Thus for a comcrate of
3C0 i:;fcma the tznsile strangth may be froa 20 to Eﬁ'kgfcna, which
may nrovide a good margin of safety if the strensth exists aand has
not bean destroyed. But, once the concrete has cracked, the margin
of sofety is gone. In fact, failurs of the gentire structure zay re-
sult as soon as the comcrete cracks, because at this momert the ten—
sile load ear-ied by the concrete in tension is suddenly transferred
+o the steel. Thus thers may be a sudden elongation of steel which
may have serious effects,.even thouzh the ultimate strengzth of the
atazl is far from being resached.

The above discussion must not mean that such tension neanbers are
unsafs. They ars just as safe as any other type of tension me—bers
and perhaps safer if properly desizned. ihen heavy overloads are D05—
sible, they should not be dasigned on the basis of allowable stresses
but rather on the basis of the cracking or ultimate strength with
proper load factors. The choice of suitable load factors depends upon
the possibilities of overloading.

S¥pmnle 2

For the tension member of the prsvious exangle, what working load
ecan it carry, using a factor of safety of 1.8 against the cracking ,
of concrete, assuming the direct tensile strength in concrete to be
Eﬁfksfcm? . Cooputes the residual cozpression in concrete under that
load.
For £, = £} =20 kz/cm> , equation X-3 gives

thcu + Pf#v = 20 i in which

F = 54.6 tons A, = 600 cn A, = 642 cm®  then

- 54500/600 + P/o42 = 20 oT P=71.3 tons
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#hich is cracki-g load. For a factor of safety of 1.8, the working
1oad will be 71.3/1.B = 39.50 tozms.

Thoush the load factor of 1.8 is mot always nscessary,the graat
differsnce between this answer and the last oze of 5%.6 t should be
noticed., The residual compression can be computed using ths same far-
mula for P = 39.50 tons.

£ Ak, & B/A, = ~ 6500 x R/E00 + BUB00/642 =~ B5¢53.3 =21 3u3 0N

Ik

X-3 Column Action due tio Prestress

The guestion is often brousht up whether a concrate medber u-dsr
prestress will have a tendency to buckle like an ordipary columa un-—
der comprassion., The answer 1s that, if the prestressing alacent 15
in direct contact with concrete all alenz its length, tosre oill oe
no "column action™ in ths mexzber due to zrastrass.

Consider an ordinary column under an ertarzal load fiz. (Z-la)
whan the eolumn defleets, aiditiopal mo=2nt% in section a—-A 15 crea-
ted by the deflsction, because the extarmal load now acts with a
different ecceutricity on that s=zction. This adiitional =oma=t is
the cause of colurm action. Jdow consider a —ember interanally Trss-
treszed but not extermally loaded (b); so lonz as tae sta:2l and coz-
crate deflect togather, there is no change in the eeca=tricity of
the prestress on the eoncrate, no matter how tThs member is deflacted.
Sence there is no change in modent dus to any deflsction of tha ==o=
ber and no column acticn. Jhen an external load is applied to a 2Tes—
tressed concrete column, any deflection of the column will cha=gze
the momezt, and column actlon will r=sult.
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If the stz:2l azd concrete ars: not in direct contact alins ke
entirs leasth, the problem will be differ:zat, The eoncrata under cod-
aragsion will bhave a texdency to dg®lact laterally. The daflscitizn
will nct at first brinz the stasl to dsflect together wit: 1%; hence
+-m sccentricity of srestress on the concrste is actually chanzad,
thus rasulting in column acticn. After a certalin amount of deflec -
+izn, th=z stes3l is brousht into contact witk the conecr:zte a=d ta= two
will bazin 49 deflect tozesther. Hence the colurn z2ction is li=mited

N ol

+to the diffarartial deflscticn of the two oaterials.

If the stz2el is in contact with the coacrste at several points,
but not alozz the entirs lenzth, then the colum action == li=ited
to the lensth betwesn the points of cemtact. If such lanzth is short,
column action will not be serious.

slext, consider a curved or a bent mamber subject only to intsr-
nal prastress. If the prastress is concentric at all ssctions ( the
€.3.5. line coinciding with the c.g.s. lin=), then the concreta is
benaving like an arch subject to axial force with the excepticn that
the asplied force from the stsel will move with the deflection of
the concrete and will always remain concentric. Hence there is no

tendency to buckle.

If the prastress is eccentric as on
sactions G and H, fiz. X-2 the com = ﬁ
prassion in the concrete is still egual RSN AT

and opposite to the tension in the stesel. i
Any deflection of the menber will still

displace both of them together and there -
will be no column action due to prestress. r"*"'_W
The effect of an eccentric prastress on L__.———i
the concrete, however, will produce deflec-—

tion of the member. If the deflection is T T

aporeciable, thz deflsct=d axis of the mem-
ber should be used in computing column
effects dus to external loads.

=4 Cozmonression Y=abers.

A prestressed concrate comor=ssion mecber is one that carries
ext:raal conprassive load. A xember that is si=ply cowpressa2d by its
prestress is noct a co=pression mexzber, Aa axplainsd in tha przvious
s=ction, & prestressed maober is not under column action dae to 1its
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owa grestress, but it is subject To column action under aa extermal
co=mprassive load just like a column of any other material.

It is seldom ttat a prastressed-concrete meaber is utilized to
stand cozpression and is prastressad for compression's sake. Evideant-
ly cozcrete can carry cozprazssive load better without being pracom-
pressad by stezl. Apd it 1s diff icult to conceive of steel wires as
adding any appreciable strength to a member carrying axial un::;uréa-
sion. However, many coapression members, besides carrying direct com—
pressive leads, are subject to transversa loads as well. Bending due
to thsse transverse loads may more than offset the axial compressive
stress at certain points so as to produce sSome resulting tension in
the concrete. Then it #ill be advisable to reinforce such flanges
for possible tension. In other words some compression members are
actually flexural members, and all tha adventages of prestressing &
beam would apply to the prestressing of those members.

Consider an industrial building of one storey, for example; the
columns or bearing walls may carry only light vertieal loads. But
they may be subject to bending during handling and erection if they
ars precast, or they may carry lateral force such as that due to wind
and earthquake aftsr the completion of the building. Sirilar condi-
44ions may exist in bwidges. Then it is often feasible to precompra8as
the mecber so that it can stand & certain amount of bendins.

Ona benefitiasl effect of prestressing a co=pression menmber is
the r=ducticn of ita deéeflection under transverse loada. Omne such py-
lon 30 ms. high was prestressad to resist an earthquake load ofl200T
applied horizontally along the pylon. Since the deflection of an un-—
eracked section is abbut 40% that of a cracked sectiocn, & prastressed
pylon could be about 2.5 times as stiff as an ordinary reinforced one.
In this instance, the reduction of deflection at the top of the pylon
minimizes the relative movements between the building floors and sa-
ves a trememdous amount of steel otherwise required to reinforce oth-
er parts of the building. -

Fithin the working range, the stress in 4 prestressed comprea—
sion member due to both prestress and external loads can be computed
srom the usual elastic theory. But the design of the member 1s ano-
ther question, bescause the empirical methods for designing reinforced
concrete columnms cannot be directly applied to prestressed ones. The
stresses ordinarily allowabls for reinforced concrete are not applicable
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to prestressed concrete, partly because the stresses due to internal
prestreasing are of different nmature from those due to externmal loads,
the latter having column action, and the former not. For proper de—
gign of prestressed concrete members, ane must go into basic theories
of eolumns and prestress and choose a proper standard for the safety
of the structure in 2ach particular case,

If a sectiofdof a column is under an effective prestress F with
an.eccentricity 8 and loaded by a concentric load P plus an external
moment M, the extreme fiber stress at the section can be computed by
the formulas

L =FA  +Fey/I, +P/A, +UF/I, «covee I-5
If the column ia a slender one, the deflactions of the member due to
both the prestress ecoantricity and the extermal load ma ¥y signifi-
cantly affect the magnitude of the external moment M and must be
ineluded in it.

Few data are avallable on the atrength of prestressed concretes
columns, An approximate investigation of the effect of prestressing
on the ultimate strangth can be mads howevar. Under the actlion of an
external compressive load, the column willl shorten and the prestress
in the steel will be detreased. If, at the ultimate load, the unit
cempressive strain in the concrete is of the order of 0.003 (3 mm/m)},
then the pretensioned strain in the steel will be decreased by that
same amount, and the remaining prestress at the moment of faillure
will be less than the original effectlve prestress.

If the effective prestress is 8.5 tf:m?, the remaining prestresa
will be only:
fu = 8,5 - 0,003 Es = 8.5 = 0,003 x 2100 = 2,2 tfﬁma

In other words, the major part of the prestress may be loat at
the nltimate compresslve strength of the conerete, This means that
the ultimate load-carrying capacity of the column 1s not much decrea-
sed by prestressing. On the other Hand, if the column fails on the
tensile side as the result of bending or buckling, the stesl on that
slde can be stressed to near its ultimate strength.

The buckling of the compreasion flange of prestressed beama 13
subject to the same reasoning. There is no danger of flange buckling
oproduced by internal prestress in a beam, For externmal loads a tendancs:
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to buckls is the flanze is governed by the usual theory of slasticity
so lomz as thars are no cracks in the comecrete. After cracking or
near the ultimate load, littls is ¥mown about the buekling ol the
gozprassive flaczze in prsstressed beans,

Exaqnle ¢ :

4 comecrete column 45 x 45 caa in croas St
section and 6 =ms high, fig. X-3, is pre - t-l :
tensioned with twelve 7 mn wires, which are |
end anchorsd to the concrste. The effecti- |
ve prestress ls B.5 i.:,..l’r.:::E in the sat=el, For I
a concentric comprzasive load P = 50 tona :
and a horizontal load H = 5 tons at the mid
height of the column, corpute the maximum
and minimum stresses ia the columnn, assu -
ming it to be hinged at the ends . Inveati-
gafa the secondary moments in the column due
to deflection. Discuss the safety of the i

columm under such loads and also during hand-
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linz. Assume that n = 7. !
2,09 = 300 kg/cn® . B, =300 t/cm’ .
Steel 16.5/14 . E_. = 2100 t/cm>
Solution : _
Stress in concrete due to p:r.-aatrau's
£, =PF/A but F = A F, end A, =4, - A
A, =12 x0.385 = 4.62 on P = 8.62 x 8.5 = 39.2 tons

A, =45 X 45 = 4.62 = 2020 cu®

Thersfore f, = = 39200/2020 = - 19.4 kg/cu’

Stress due to the axial load of 40 tons, disregarding deflection of
colurm is

rﬂ:rﬂ* hﬁ;g=iﬂ+{n-111-

A, =45 x 85+ (7 - 1) x 8,62 = 2025 + 28 = 2053 cn®
Therefore £, = = 50000/2053 = = 24,4 kg/cm



The maximum bending mo—ent occurs at tae zid haizht of colu=z, ==
is o
g = M /4 =5 x6/% = 7.5 mb

The momant of inertia of the wirtual arsa
I, = 454/12 + 0,385 ( 8 x 17,5
The extr:me fiber stresses due to bending

£, =iy /I, =7.5%107 x22.5/383 x 10° = & 49.2 ks/ea®

+ 4% 5.5%) = 343 x 107 oot

The maxioum and mini—um stresses ar: hsoce

- 19,4 = 24,4 = 49,2 = = 93,0 kgfcmf
= 15,4 = 24,49 + ”-9-3 = % 514 ks,‘"ﬂm_

The paximum deflection of the column due to tze hori-ontal load is
= p 1348 v, I, =500Cx Eﬂoif% x 300 000 x 343 x 10° = 0.32 cns

This will inercass the mozeat by the a—ount 50 x ,32/100 = 0.15 mt

This mponent will produce more deflectisn and further ingcrease the
eczentric mozent in the column, but the magnitude is so small that

it caa be neglectsd. Hence the above computed stressss can be cozsi-
derad sufficisntly correct. The naximin compressive strass of 93kz/ca
would appear hizh for a reinforced concr:te colusn but is not exces-
8ive for a prastress=sd mamber which is =ors a beam than a colusm in
this exa-pls. -

3]

The safeiy of the coluan can be determinsd only if we know the
ultimate strength of the column under such combined axizl and trans-
verse loads and alsc if we know the possibilities of over loading ,
i.e. to what extent the axial or horizontal loads may be icersasad,
and whather ecceairicity of the applied axial lcad may be possibla,

For the purpose of investigation, 13% us assume that both the
horizontal and the axisl load aré increased by 207 whils, in addition
there will be an eccentricity of 4 cas for the axial load, Then the
atresses will be

due to axial lead 1.2 x 24.4 = = 25.3 kgfcmz
—ozent Al due to eccentricity of axial load
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the cozresporcdi-= strassas ae 3 -

#9.2 X 2.4/7.2 = ¢ 15.3 ¥z/e=?

Stresses due to horizozzal load will be

1.2 x 49.2 =4+59 (ks/cn?

The resulticg stresses will be

= 15.4 = 29.3 - 15.8 - 59.0 = = 123.5 kg/e=?

= 19.% = 29.3 - 15.8 + 55.0 = + 26.1 kz/cm?

SNote that the co=pressive stress of 123.5 s.;g,r’l::l. is oaly 0.41 f.aa

while the texsile stl:'ﬂsa is balow tie modulus of rmmturs of E.‘bnm!;
0.1 1‘."3_‘E = 30 ::5;’-:.-.:1 » Jezce the colurn would have not cracited, and
the mid-heizht deflesction can 5till be eozputed by 1:'-=- elastic thao-
ry as follows 3

Due to a coostant modent AM = 2.8 =t the deflection, at mid-teizht
will be :
8, =ax1%8 3T = 2.4 x10° x 6002/8 x 300 000 x 343x10°=0,105¢as

and due to a horizontal load of 5 x 1.2 = 6.0 tons the deflsction E
will be

EE = l.2 x 0.32 = 0,285 cog
80 that, the total deflection 5 = 6. = EE = 0,49 ccs

which is not a siznificant value. Thus it can be coacluded that the
colurm is safe,

For investigating the handling atresses, let us assume that the
colunn is picked up at the mid height.

Its own weight g = 0.45 x 0.45 x 2500 = 500 kg/n"

soment ﬂs due to own weight = 4 {1;2}3;2 =0.5x 52;2 = 2.25 =t
which will produce a mari=um terzsile straas of

2
.Y/ I, =2.25x 107 x 22.5/343 x 10° = 18.8 kz/cm

which 1s less than the precozprassion of 19,4 'kg,.i"n:nz and the colucn .
is sa%e during handline,



weight of the connecting beam to be 1.00 ton per meter, HE is found
by esquating te zero the moments about the center line of the inter.or
columng i.e.

100 x5+ 1x5.3/2=-8, x4.15=0

Hence B, = 125.5 ¢ and

E=——

its intensity is 123.5/2.3 = 53.7 t/o.

The reaction By 18 found by
equating to gero the sum of
all wvertical <forces § 1i.e.,
R, =100 + 1807+ 1 = 5.3 =-123.5

o ﬁ_i = 161.8 ¢
and its intensity im 161.8/2.865
= al t/m

The shearing force and bending
moment diagrams of this beam are
shown in figure S=156 . The sec-—
tion of max., moment M = 65 mt
is rectangular ; choosing ita
breadth b = 50 cms, and Aassum-
ing O, = 70 kg/cm~ and

= 2000 l:.g,.f‘:uz s we get :

%s
d = 0.31 9/ 85000 / 0.5 = 112 cm & = 120 cm
F = 55 000 / 1785 x 1.12 = 32.5 g & 22
For section at center lipe of intermediate support ¥ = 36 ot
112 "= k; 3 36 000 / 0.5 © Ky = 0,817
For O, = 2000 kg/cm’ g, = 48 ke/em® k= 1825
A = 36000/1825 x 1.12 = 17.6 cm’ s 22+ 3413

=]
Check of shear, bond.... etc. are to be done according %o the
general principles of reinforced concrete design.

The footing nﬁu behave as double cantilevers and can be des-
igned in the same way a3 wall footings. Hence
For the 3lab under the intermediate column 2

%mtntrmnufampbm 1[-251092.-"2 = 11.3 mt/m
sssuming O, = 50 I:;..-fun and g, = 2000 Ir_g.-fnm, we geti
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