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I If T ROD U C T I ON 

The purPQse ·of this work is to complU'e the/.,Tux;ish,Ame­

'rican and French Reinforced Concrete Building Codes with respect 

to slab design.This comparison Will involve the load' and. safety fac 

. tors introduced by the codes, the approach of the Codes to the~ pro'a-
.. . 

le,m.Sinoe all of the three Coq.es to be compared are guided by the .. 1 
~EJ.astic analysis of plates" a mpdern method "the yield-line theo;y1 

based on .lluJ.t:tmate, strehgth"'tdll als'o be presented' as a criterion. . I 
The work is divided into 5 Sections. 

Section I inciudes t11e t\,iO the~ries,i.e. the Elastic 

analysis of Plates' and the Yield-line tbeory. 

In Section 2 the methods adopted by the three Codes 

a.re explained. 

Section 3 includes nwnerical computations to serve 

for the proposed comparisons.The steps followed in Section 3 are: 

(a)The moment coefficients al."E) obtained from tables accepted by cod~ 

(b)Moment coefficie~ts are calculated through the yield-line method 

by the pxocedure explained at the beginning of Sect ion3, (c ) The slnbl 

are designed by the working stre sses of the three Codes, (d)Ultimate 

carrying capacities of theobtained.sections are computed,(e)The 

lOadfacto~s applied by the Codes are calculated by the procedure 

explained in Part 3.2.2.d. 

The results obtai~ed in Section 3 are discussed and 

compared in Section 4. 

Section 5 inoludes the conclusions. 

L . 
.. _------_.,.,----------_ ........ ---------------_._ ....... --:-------
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SECTiON I 

"Tl-ffio.a:!:ss ON SLABS 
', .. 

. '~' ')~'~::V:··BL.:i.S~:tC ANALYSiS qh\.1?LA~E~ 
',.:: 
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.;. '~ ::: " 

take~ the fo;rIIlof.,:nf()~th· degree partial differential e quatio:r?: 

, ,,~~\v=.'~A~'+·2 rJ/"w' + -;,4W _ ,.~ "'_~ 
.. ,. . -;;, .. . 0 %(),. . ~ 4 - "'/. -• "" ...,,' "'~ . x y . 'y . Eh/:{2.(~_v'1) D 

where '·w.=.s'tf1tJcal.def1ectio:n of the plnte, 

(1) 

• .' 'J ~ 

.h= d.;~pth of the plate t 

E.= modulus of· owfttic i ty of the mnterlal, 

v ~ Poisson's ratio, 

D is referred to as ,.the tlflexurA.l 1." igidi ty" of theplP.t,e'~ 

The basic as~uruptiOl1s that are made for the.dcriv~ti~m of 

E~~' {l )·areth.c folloviing:' 

a.-The p~'"-1.te·zarecf constant ;1,;cdiwu thiclmel:)s, 
.,' 

b';;'Deflcotions .aro small, compared to thicknass, 

'c-Stretch~ngof, themi ddle plane is of negligi ole iltlport'ancc 

d,-She~rdeforrr.ation call be ncglQc~ed~ 
... " 

a-The lllateria~ of the plate .is ,'homogeneous, cla.stic, isotropiC. 

f ':"Flex.urt~i st'xo.ins vary linearly through the depth of 'the 

,,~ slab.' ", 
... "," ..... " 

. : fIhe p:r,~blOf~ of bending of laterally loaded plates is reduced 
_to • 

,totb.e "intehi'ai'i;o'nof Eq.(l~ ,. since the !!loments Mx,My,and Mxy 
.- ", "1 '\.. 

arc g1 ven:bythe.' ,expressions: 

" . ", i'-,M, •. ··.x:~ '-1) ( ~ w + v' "O~<J) 
.. . 'I 2. ... l. 

,'.'; ". . • '@ x (}y 
/iV\ ( ).2.. '),2,') 

. ,lOW vW 

Y= -D \ - +"1/ '.--
. \~ l. ax~ . Y. / 

. . 

~l-.-· .... F-o..;..r--'-t-b-e .... · . ......:.ddrivation see S. Timoshonko and S. ~'Toino\vslcy-KrieBe:r 
"TheorY"-of'Plntes 'arid Shells" Pp.· r;9-82 

i 
I 

1'110 Gr:;n~ Hil,l.1,Q59 

.--~.-.-,-.. ---------....... ---------~ I 
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. The ,terlll "wit in Eq. (1) hao to 

sa.tisfy the different boundary 
, 

condi tiona of different suppor-t 

types.We find it useful to give 

here the most genera.l support 

types for rectangular plate8,~-i.nd 

the boundary conditions to which, they give rise. 

a-lluil t-inedg~: At a buil t':"in edge tho deflection of the 

plnte is zero ,and th.}. slope of the tangent plane to the deflected 

middle surface along this edge is also zero. 

SUpPosing the. plate shown above is simply supported along 

the edge x= b wec an vir i ta: 

(w) b'= 0 x::: ' 
b'7Simplx.-Suvported edge: The deflection of n. 1'1ate at v. 

simply-supported adgeis zero.Similarly since at such an edge the 

plate is free to rota.te the bonding moments are zero .If the edge 

x:::b is si1Ilply-supported we can wri to: 2-

( 
:;lw +'11 ~W) 

i ' 
tiw 
~ 2. ::: 0 
SJ,X 

(w)x=b =0 , c'? ~l X=D ::: 0 
,:2' '. 

As '~;2.yan:l..£lhes with!lw" along the edge we should have 

or 

::: 0 
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c"":Free oligo:I! the edge x=b, is free than ,the boundary 

condltionsare'shqvlll,to: be
l

: ' 
.' " .. i' 

, Fordesign,pu:pposes" it is necessary to solve Sq. (i) and 
• l" • ' .-

",deterrrdrle ttl~ ;:~ef~~~iiOri. surface w of the plate.The' determination 
, 

of \V enabi~'~;,6n:G',t9 ::ealculate 'MX,My etc."[e will present here 

the r,esults, of ,tlir~e~soiut'ions of' which the first represonts a 
, .. : ~. '. 

particularloading~hd the otl~er two are u..Ylivcrsally applicable 

solutions. The results presented 'here H.re derived for rectangular 

plates Siillply supported on four sldes,one can find thf) solutions, 

for o'ther SUllPortcondi'tiorl.s by applying '~he boundary limitations 

mentioned above. 

-f--- O-ri --+ ":-__ ~i-k-
representing the particlllnr 

loading shown in the figure. 

'"Vi th this a.ssumption find a si :r.pl~, 

1 • Ibid 

supported plato we get: 

cosTly 
,~ 

cos 'If X cos 'IT ~ 
.a ,b 

J 
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( 1-") 
(t +~)2 

cos Tlx . cos 1Ty . 
,a b ' 

'IT TIl sin ~ sin J. 
a b 

PAGE 4 

b. Novi let· 

-3, fUnction of 

loading applied to a rectangular 

plnte supported on all four sides. 

The coordinate axes are located as 

shown in the f igurc • 

For .thisgel'ieral cuse of load ing, and. a rectangular pInto 
'. 

simply su.~ported on all four sides the integration ai' :r;q. (1) 

gives, the iOllOW ing. resul t 1 : 

;2- ~2. 
VI -_ '" .•• 4 . 

:. 1[ D 
This 

From ,the expression for w given above one cun cnsily 

derive 
~. :: '." 

1. Ibid '-.Pp. 108-109 

I L d \ 
/20 + 11m - \ q- ,-.-

~ \11 a- b I , Yl:lx • ml'v 
4. . :.-, ~--- __ .-1 S 1 (I - 8.1 n l 

mYl ( lb :2. d ,2 ~ ~ 
, i VI _ + Yn -) .:. (J 

\ d h 

'1J 2.J,\ 
(in T + \/'n --::- ! 

9 
\ t::' d J 

--.-----~-----.-

Yl'II1 (2. h L 0 \2 
.r/ - +m.::!... \ 
"Cl bj 
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q, ml1 (,1-1() mY! f'- 'Trt 
! 1. I c, d V C.OS ~ cos ~ 
i il ~. + WI L_ i d. b 
\ d . 17 J 

.'. The co.effl- 01' ant· 'Nhioh '11 th t .qmn appears 1n n' e momen 

exprossions willbo dotermined by performing the following integ-

ra:tion: 

1m" 
The lo~ids 

= A-1 .. b 1" q sin .1lX sin mlly ~dy 
.ab! lXy d ~ 

o 0 

N .' that we mostly oncoWlter in nract ice a.rc "-xy I:' 

uniformly distributed Le. o.,xy = p kg/m2 or p Ib/sq.ft •• For this 

particular case the integration above yields 

, . Ibp, ",her. a m r-nd n .<3re odd integers "jmn: nZ~n ... ~ , • 
. Substi tutiIlg qmn'inthedeflectiOl1 and moment expressions VIe get 

the following results: . 

L!/ 
W =' 16 Fd . q(,D 

It 

C.-, !£he seoond ~ener<4l lnc'chod of solution to 1:3 presented 

hore is the OXl0 suggested by lVl.~evy 1.He proposed to ShOVI the def-

le.ction was: 

where Vll is the deflection of fl one way pl[lte,~nd w2 is the 

. 1 • Comp. rend. Vol.129 pp.535-539,1899 and, 
Tirnoshenko and ~'loinowsky-1':.rieger op.cit. pp.ll3-115 

-_._-------------------_ ... 

-I 

I 
I 
I 
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facto:r,correC~ii:l~ .. for, tho fact thnt the plate is supported on all 

foUr sides... + J -----+ / .. 
.. > ,)j.L/ ------. --"~~7' . 

~2';~~/- /;/~---'-~ X 

./ . 

Y /The Qxpr~.sSions: for deflections are: 
. : 

" W .~904 f{X)4 (x \)3. ix~l 
. ~-2-1D L\'d) -2\~ 1:f)J 

w =-E· ... ·.Y S'lYlnTrx 
2. .". '1" . a 

. . . . . 
where Yn is flo f unction of y only 

W1 ' satisi,+.~s Y''W~= b and also the bow1.do.ry condi tions 

at the ";dges x=oaild'x=a.The expTession w2 I should oyidently Satis­

fy \74
W2= C).Applying thiscondi tion and nIl boundqry 1 imi tntions 

;:r'ut· 
o '. 

[ '2+!111~ hnh ill ,'[, r11Ty sinh yj'f['i'l 
2a 2, d CO':'t1' _n 'f _ .-:::;.j ___ ...c;.d-:-_ . 

, ?_ cosh i!1£ ... d. '2 cosh illJ 
2a 2a 

QJIQ i . e. VIC let v' =0 

.' nifx r ':i +!!..1Tb +11'11,1 riillz . 
~1l1-- I.... ", 10 ,1 2~ I' nT" ..; d i .L. d 0 CD51l ~ _ 

\1> ! 2cosn r'lTb d . 
L . 2a 

.. -~----------------------~ 
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The sr:lriE~S ob'cained by this method converge very rapid.Ly 

and the considtH'ation of 11=1 only, seems sat isfaCT;Ol'Y for practical 

purposes. 

To get the ;JJomcm-i;s Mx and My for other values of if 

we make use of the equat ions: 

M~u') M~o ) (0 ) 
;:: of- "My 

(lI) r,~ (c ) v" (0 , 
~ = + 1',1 " Y "-y .' x 

INhere the super,scripts' indicate the vttlue of 1/ cOllBiderod.· 

W~.4·-Coeffici'3nts of bendJ~g momonts by u£c 0'''' the theory 
, .. 

of olastici t;r. 

WestergHard gives the followinG valuos for squ:n,'c pmlcls 1. 

H .J{!. ','les"ter g:~ard 

ieno+~/\ 
? 

:"!lFoirn~iI::s for ·tile d.Jsign-of ;~ct;ngu.U~r floor-­
slabs and tho SUPfiortiIit; girders" Froc.ACI 
Vol.L{II,1926 pp.27-25 

! 
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The·coeffici(m.ts givun i~l Fig. 1 Vlere derived Oll 

·chc assumpfion ihat the slabs an:: of hornogenoous,isotropic, 

elastic mnter'ial·-{",ithP'OissOll'S ra'tio equal to z,oro.Each pmlOl 
I 

is s'i:'nply stlpportcdon fOUl' sides but the slab is continuous 

over the interior beams. Each shaded panel carries a Imifol~;n 

load q. 

THE YiELD-LiNE THF~ORY 

l-ra.l- The second theory on slabs will be' the "Yield 

line the'oryftdeveloI?ed mostly by, K. W.Johansen. 

Theyilf1ld-line theory' is concerned with the ultimate 

load. carrying capacity of rainf orced concrete slabs ,and it will 

very probably' be aocepted as a. deSign method by the codes of all 

,countriestit is already largely practised in the Scandinavian 

countries • 

. Thtl "yield-line" is the direction in which the curva­

ture' ofa ~iab wiilbe concentrated,it is also identified by tlie 

concentrati'ori of cracking.A "yield-line is analogous to the "y1e1 

hinge" or· "plastic hinge It used in inelastiC analyses of beams and 
,> 

. . . 
frames.The termsposltive and negative yield-.lines are often used 

tOdisting'tiishbe:tween yield-lines giving tension in the bottom 

of a slah~andthose giV;?-ng tension in the top of the sla.b. 

, 102.2· - . One-way slabS 

," a- ,SimPle span :jAs a first illustration the behaviour 
. . 

of a. s1.mp'lY s~pported; one..;.wa~ slab with O. 5 p~rcent re inforcement 

will beconsidered.Failure of, such a structure will. be initiated 
", i:· 

by yieJ,.ding Ofi the tension,reinforcement at midspan,and large 
··1 - . i 

d(Jflactions.'\yil~:,de.yel0p before the ultimate load is reached by 
'i .'.; 
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\Yi,ldin~ .: \ m::h2p,O). (~~~I1) 

c.-urvaturlZ 

I 
111~ 

f'· 

) 

. ! 
t! 

i 
\ 
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Fig.B - Moment-Curvature 
relation. Fig.3-Res"trained one-way- slab 

crushing of the conorete l.A yield-line will form across the slab 

at midspan. 

The moment per unit width at the instant of failure 

by yielding of steel is given by' the folloVling e'xpression 2: 

where 

m = M/b =' h 2pcr/1 - O.5n) (2) 

M = Moment over total width of slah 

b = width of the ,slab 

h.= effective depth 

p = percentage of reinforcement 

ay= yield strength of steel 

n = p (cry I <rb ) 

The flexural strength of a uniformly lOaded simple-

1. E.Hognestad ."Yield line tJ;leory for' the ultimate flexural strengt1 
.1 of reinforced concrete slabs" Proc. ACI vol 49 1953 

:pp. 638' 
2 .• For the derivation see 

" '" '. , 

:Urquhart,6'Rourlre,Winter "DeSign of conc­
rete struotures" Art.12-5 pp.445 
MoGraw Hill 1958 
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span sl8.b should" therefore ,be expressed for design purposes as: 
. /. 2 2 I 

,m =qL Ie = h p a; ( 1 - O. 5n ) 

where' q = uniform load per unit area 

L = span of slab 

10 

a-Restrained span:The one-way slab considered above is 

taken this time to be restrained at the supports (Fig.3).This 

boundary oO.ndi tion requires the formation of a mechanism for fail­

ure .This mechanism will be reached when a positive yield-line forms 

at the positive'moment section and two negative yield-lines form 

at the 

where x 

where. 

supports.We can write by reference to Fig.3 

mi +m= qx2/2 
, 2 

m2 + m = q(L - x) '/2 

gives the position of the positive yield-line. 

m::. 

The solution of this system gives 

q~ x= L~ 
2(VLl/+ff.;t.+~'r Yi~+-1'l +Vi:L+~' 

and 
t 

12 = mim , , 
For simple spans ml = m

2 
= 0 therefore 1l =iz=O and 

at x=L/2.If il=i2=lwe obtain m=m'=qL!/16,Whilo tho 

theory of elasticity for a fixed slab gives 
'2 ' 2 

m =qL /12 and m=qL /2 

If a fixed slab is reinforced according to theory of elasticity 
. 2 

i
1
=i

2
=2,then the equation above also gives m=qL /24 and therefore 

m '= qL
2
/12. 

The equations derived' above have been experimentally 

1 
verified ,by von Kazinczy • 

. 1.See refe'rence N° 17 in E.Hognestad loc.cit.pp655 

: __ . ____ ,_w __ ----------J 
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I 
I 
! 

1.2.3:"; Two:"'way slnbs 

We', will first c()nsider 'slabs reinforced in two' ortho­

gonal directions ,Vii th such umounts of re inforcement as to give the 
, .. 

same' yield moment .for anyone of the two directions'. ThiS state of 
, , ' 

reinforcement iscalled"isotropia~.If such a slab is overloaded, 
, .. . 

yielding will begin in regions of high moment, and with increased 

loads yield-line~ will form and spread into a "yield-line pattern". 

the 'slab will ::r~ach a sta-te of nautral equilibrium and .will have 

used' all ofi tsloadcarrying capacity when the yield-lines spread 

to.the'slab Gdges. , , 

UTheyleld-lines divide the slab into several parts 
'.' . 

and a hea\ly'co'nce.ntration of curvature takes place in the yield-

Imes'since thaplal3tic. deformations are much larger then the elaS­

tic ones .Nee.~tl1e·l.lltimate load it is reRsonable to assume, therefore 

th3 t the individua.l slab parts are pI nne ,all deformations taking 

place in the yield-lines I.It then follo\'ls that the yie-Id-lines 

~. 
" 

I \ ....... 
I '\ , 
I\.'-

("column 

Fig. 4 - Typical yield-line patterns 

I. Nylexlder " H.reports in nKor~ar~erade betongplatto~" (~ull.~ 
Roya.l Inst.of Tech.Div.of BUl.ldlllg and Structural ~ngl.neerl.ng, 
Stockholm,1950,Ppo140)the results of ~ests on 7 unl.for~nly loade 
slabs.These results shOW a concentratl.on of curvature l.n the 
vield-lines. 
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'~----'---'-----------------.~~------------------~------------~ 
must be straight,~a.nd ieformations of the s.lab msy be considered as 

; '.. ,:::". ~ 

rotations'of the)~lab parts about axes in their supportS.Furthermorl 

. a Yield-line.b:e~ween two slab parts must puss through the inter­

section of axes: of. rotation of the two parts.Fig. 4 shows SOme tYPil: 

cal yield-line patterns for various types of slabs.An axis of ro- i 
.' ~ 

tat ion must lie in a line of sup port and must pas s through coi umns. i 
In this manner. the general nature of the possible yield-line patte1 

may be determined. ,,1 J. 

To determine the yield-line pattern corresponding to 

the ultimajeload of a slab Hognestad makes use of equilibrium , 

conditions for the individual slab parts. Since the yield moments 

are princip'al moments, tWisting ,moments are zero in the yield-lines, 

and the mom:ent m per unit length of yield-line acts perpendicular 

to these lilles.The total moment is etlual to m times the length of' 

the· yield-line and .is represented by a vector in the diroction 

of the yield..;. line.The resulting moment for an individual slab 

part is then found by vector addition. 

As an illustration to the method the Case of a. rec-

tangular slab v/ill be given. This problem is first solved by Inger­

slev 2. 

A rectangular slab subject to a uniform loading q 

and reinforced' isotropically in t\'lO directions is considered 

fixed'on all four edges.The mornentat a fixed support depends 

primarily on the amount of negatine reinforcement as indicated by 

the equation: 

1 •. E.Hognestnd 
2.· Ibid ". '. 

lac. cit. pp.641 . . 
pp.641-642 

--~-.---~,---------------.--...., 
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m = h2p cry ( 1 - O. 5n ) 

PAGE 13 

Different amounts of reinforcement may be provided at the 

four, edges 80 that 
, , 

ml =1l m , m 2 ~i 2m etc. in which m is the 

pos!"tive yield moment in the field. 

Yield-lines form as shown 
I " 

in Fig.5 and the applioation 

of the equilibrium conditions 

to eaoh of the ~our parts 

gives: 

F ig.6 - Reotangular slab 

Part.:r -

Part .11-' 

Part 111-

Part IV -

'me. (1 + 11 ) =qalti/2 

mb (1 + i 2 ) =qklk~6 4- qk3k~6 + q(b-lcl-k3)k~2 
ma (.1 ~ i3) =qak~6 
mb (1 + i 4 ) =qkl 1c!l6 + qk3k~6 + q(b-kl -k3 )k!'2 

F;t'om the sefou:r equntionsand (k2 + kA. = a ) ,it is 

possible to deter'mine m,kl,k2,lc3',e.nd k4 as fllnctions of n ,b , 

and .the four, i values. It is found that 

m=~:q~~t';;r-- ~r 
in wp,ich the reduced side lengths liar" and "br " are given by: 

(3) 

b - 2b 
r - • V~ t i, -i" + 1 ~ + t.3 ' 

Fora ~imply supported slab i= 0 and nx= a,br= b. 

For simply supported square slab (a=b~i=O),m=qa2/24.For a one-

way slnb i.e. b =00 r 
Equation 

we get m = qn;' la. 
(3) is a general one,A.J.Ashdown haS simp-

I' 

__ ~ ____________________ """!"'"' __ -Jl 
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1.2.'4 . ])esignmethods propose9- by HOgnestad 
. . 

PAGE L4 

- . ",~.", The yield:"'linetheory eliminates the necessity of sol-

ving Eq.'(l),~d simpl,ifiesthe analysis of even very complex slabs. 

'E.Hognestad,gives'>two methods to be used in practice when dcsign-. . \ - . . 

· ing slabs by the. yield-line method. 
. ' 

nTJ:l.~,;p::obiem in deSign is generally to estimate the .. 

'neoessary y~e'id~moinent m for a slab, subject to given lll.timate 

, lOads ;: ~nd wi thgl v~~dirriens ions ana support conditions • The co'rreat 

. value of m. is Rmaximum value resulting from the correct yield 

, pat~ern and sat:isfying, the 'equations of equilib~ium" 2. 

'. a-Method.of' SucyGSsive approximrrtions: 

,'Thismetp,od makes use of the virtnal work principle 

which st~tes that fo~ the slab as a whole, the work of the internal 

forces plus, ,the wor){ of the lauds mus,t 'equal zero, the worle of 
. .. - . 

re act ions be mg', zero as they act along axe s of rotation. This pr in-

ciple is formulated as a: 

,LMi + rJfqldxdy - 0 

in which sUIDIIiation is made over the' entire slab, und integration 

is uade over the, individual sL'1b parts. -. In this formula M represents the resultnnts of the 

momentsiri' the yield-lines, Q t~erotations, q the lOEid and b the 

1. A.J~Ashdown· nJ)esign of-slabs by the yield-line method"Concrete 
and constructional eng.g June 1960 pp.22l-222 

2. E.Hognes,tad ioc.cit. pp.645. 
3. For'the deriva.t.ion see Xbid. pp.643~644. 

I ~ , . 
L_..:.. ______ ._. ____ . ___ .. _, __ ~~ ..... "!~~~..-zs<-- __ 'n==" 
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. d:tsplademen ts '.The. yield mo men t 
'.{ . 

is calculated by using the facts 
I ~ . 

. tl;lat M is proportional to ill. ,and .that the oorrect yield pattern 

will give the maximum m .. 

. • '." .' .~;" i' :. \:. , 

. In the method o~ sucoessive approximations a yield pat-

,~tern i$ assumed whioh is in accord with the support conditions,and 

',the neoess~y yield moment m is computed frow the virtual work, 
" -. . . . 

bqua t ion. Since, for. tl:lecorreot yield pattern, all m.. values s~ould 

be equal, a cheokon 'the or'iBinally assumed yield pattern may be 

obtained by computing m.. for every individual slab part from ,eqUi-
, , . 

libri um' e quat,ions. I:f the m values thus computed differ cons iderab-
'.1. 

ly,the separate values, will indica-te how the pattern should be 0.1-:- . 

tered,wid ·thH fi:rst· estimate of !! from the virtunl work equat ion 

will indic~te how. muoh the pattern should be changed. 

The, method of successive approximations will be i1-

lustratedby.the example of a floor slab, worked out by r.; .. Hognestade' 

., 

T 
,4.' 

A t 
0' 

5/ 

1 1 
r--~~~'14~--~ 6'--~~·~------­

. Fig a 6 -Analysis of ::f!lQor slab 

The slab shown in the figure 1s fixed or continuous 

on three'edges,a negative reinforcement equal to positive rain-

~~ ____ ~c, __ ~----~------------------------------

, , 
j 
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forcement beingchosen,whioh givesm = lh .The foui:th edge is simply I 

. '0 supported,m =,andan opening with free edges is provided for a 
, , 

,stairoase .The indiotltedloads represent service lOnds multiplad by 

. proP7r load faotors.Thus,n uniform load q::200 psf, a-line load of 

250 Ib per it fr'qm'a, partition wall, nnd a line load of 1000 Ib per 

ft from t~ stair cas;e are given. 

A yield pattern is nssumed,pattern N° l;the assumption 

is guided by the faot that yield lines between two slab parts must 

pass through'the :int'e~seotion of the oorresponding axes of rotnt ion 
" 

that is theSu.pports.ItiS furthermore known that simply supported 

or .free edges ,as well as openings "attraot" yield-lines, while 
, .', 1 

fixed edge sf'repel" . lines • 

The'llecessary. yield moment .!! is first oomputed :for each 

slab part se~aratelybyeqUi"librium of moments about the su.pports .. 

Part A-' 10(IA4-m) =,200 x 10.' x 62/6 +- 250 x 3.43
2
/2 

Part B- . 

Part c-

20m = 13470 or mA = 674 lb. ft/ft 

20(m+m)'=2b~(6x72/6+10:X:72/2+4X52/6)+250(6.57X44-3:x:5.5) 
.' ". .'. . -mx5x4/5 

40m= 72790-4m or mB = 1653 lb. ' 

. 5(m+m ) ~200x5 x 4 2/6 +1000 x 4 2/2 +m x 4 x 4/5 

19m.~ 10670 ... 3.2m or mc=1568 Ib 

Part D- .. ,.1'6(m+0):~ '2~O (6 x 32 /6 ~ 10 x 32/2)+250 x 32/2 
16~ = 12030 or roD = 753 lb. 

, . 
It is, :,s~'en that the !! values vary from 67 4.: ~o 1653 1b 

llJ1.d the assumedyie,:ld: ... pattern is therefore not the correct one. An 
.-.: . 

, estimate' of ,th~' Go:rreo.t',yield moment may nevertheless be, obtained 
:.' " .' ; 

by applying th:evir:t~ worle equation.A virtual deflec"t;lon of un1 tl 
" .' > .t, " 

. -, 

1. For "~he~ propf:'of, this, statement' see Ibid. pp.,642 
'.' . 

-' . 

~-----=----------~---"~~~~ __ ':'''''2S~~b'''''' ...... : FY7 ... __ -=.:.;,.' ..... ~~_.,, ___________ ~_ ...... _________ ~ 



" 

I,
' 

I 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

SEBEK. ISTANBUL 
PAGE 

17 

alQng the, yield line a-b gives the rotations:; 9 A= 1/6, 9B= 1/7 " 

9 ~'; =(5/7)(4~1/5.6 ,and, ~ = 1/3. 
, ' 

The eqUilibrium equations are written in such a way' 

that the virtual work equations can be estab1ishedeasily! 

·i.t~fi ;=1!I(20/6 ~ 40/7 '" 10/5.6 + 16/3) =16.:1,7., . 

. '.' = I Jrq ~dxdy = 13470/6+724 90/7 4o~0670/5. 6+12030/3 

= 18560 
. ' .. : ~. 

which glyes; ~i=1148lb~or yield pattern N~ 1. 

:It appears that the area of slab parts:A and B must 

be increased,while,.those'dof,B andC must be' decreased. Such correc­

·tl.~iiJ.eadS'1;opntter~N0 '2 which gives : ftiA=1243 Ib,IDB=1182 lb, 

IDO=1167 Ip,and mD=~90 lb. The corresponding Virtual work equation 
, , 

g~ie'Si3 m2~1l92lP. > 
In::tiriscase, the ,four m. valu.es are alJnost equal and 

m = 1192 lb is ,:Baa,t,isfactory deSign value .It should be noticed,' 

t~at: m2 'is 'onlY 3itS'%,greater than ID
l

.Appllcation of the virtual, 
".' .' 

work: equation toyiela. patterns reasonably close to the correct one 

gives yield~oments only slightly less than the correct value. 

~thod of superRosition 

Although the yield-line theory is not a linear one 

and superposition is not theoretically applicable, Johansenl has 

shown'that its uSe gives results on the safe side,as the sum of 

the yield moments corresponding to n number of individual loadings 

is greater than or equ.al to the. yield moment corresponding to the 

. sum of ,loadings., 

,1. • Johansen, K. W. ,nBrudlinie teor ier" Jul. Gjellerups Forl.~ g, 
, " Coponhagen,Aug.1943 pp.189 

--~~~-~-----, -~-------...... --------------
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1.2. 5-Determination off 

The a~~lyses and examples presented above were all con­

cerned with slabs having an equal yield moment in all directions. 

In practical designs isotropic reinforcement is often not economi-
"',--" ."' . . 

cal and it is. necessary to determine thequuntity of reinforcement 

whioh will satisfy both equilibrium equations and economical" con-
I 

s1 der at ions. 

To determine the value of the ratio of the yield mo­

ments in two orthogonal directions, that is"tt = ml/m A.J • Ashdov/n 

proposes the following way:the amount of reinforcement is prop or-

tional to m and ml' therefore the cost of steel !! is propo:ttionnl 

to m(J.+f)ab ,substituting in eq.(4) we get: 

zero 

or 

s = qa
3
b/24 (fA + 3 -2aYf/b) 

Differentiating s with respect to f and equating to 

d.s _ 916 _ cqC}4 

dJA -.2.4 24- f}T 

f= (e-t ~ ~2 
Substituting in Eq.(4): 

or 

then 

m" :~~? [- i - ~'-l 
. 24 -1 + ~2 .J 

( 5 ) 

When designing a slab ~ is calculated from Eq.(5) 

2 
~ = ~m = K m. 
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'1.206.":' Orthogonallx@isotropic :reinforcemen~ 
...... : 

'Tliep~~blemof orthogonal1yanisotropio reinforcement 

hasnlso, be~ri.c'?~~,~de:re'd by Johansen andi t has been shown 1 

, tlln.t;the analYsi~.'of.slabs with yield moments m and m' = 1m in 
. ',. 

,'C,"" , 

one ,di~ection,;;~~<,Fm, m= ifm, in an orthogonal direotion ma.y 

be're'du~ed t~~~:qa~e'Of isotropic reinforoement(f = 1) by di-
to'. ~ .' ", . 

viding tbB,lineardimelisions in the m direction by f}i' and taking 
,,> .. ._:.:::. ",-

" , 

"'j r ; 

", 

l-.E.Hognestnd,:,.l0o..oi t. pp.65<l-eQ1 

~CIC. :'-1 ~~~~~ ... " ______ ...... ____________________ ..... __ _ 
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-----~,----~--------~------------------------------------------------~' 

SECTioN ,2 

rvi~THODS OF SL.'iH D;:;SIGN 
. " 

The ooeffiQients of moment $ given at the end of 'the pro-

.cedeug section ap.J;llyto plates of homogeneOl.lS, isotropic: an.d clas­

. tic llk'l.teriF~l,bu.t· they WIJ.y be used us u guide LYl establishing 

fox_mulasfo:r thed'3signof slabs of reinforced concrcte,Vlith the 

"s~ll!lepatte~n Ofp,ar,:tvls.A l.'eini'ol'ced concreteslc.lb docs not satis­

'fy cbmpletely'ttic'usual asm.lUlptlons' of clast iei ty, isotropy and 
,'. . . , " '". . 

. homogeneity but tllcelastio theory is widolytl.sc·d .beca use ·nothing 

~etter h9.sbeen available for a l.ong time andpolllparisons 'With 

test re suIts h ... '1.ve .indicated' that computed moments and strcSSGS 

arc almost wi tllout excc'ption on the safe side l,proYidod tb..'l.t 

. nomir..al \vorking .stresno s arc used in deSign. 

In this seotiontwo methods of design Will be presented.· 

. ,The first one -':tostergaard's formuls.s- proposes a Teductionin 

the moment coefficients obtainea. f~'omt)lastic o.llHlysis sinCB test 

rcsul,ts shovi a stress redistribution as the londs are . .increas!:1d.· 

The sccond- Ma:t'cus t approximate $olut iOrl- is a math..Jwr .. t leu1 approx 

imiJ. tion Ulothodto ohtain tho lllHX iwum mO:t;unts in u' slab. 

These two methods result from the el3.stic annlysis 

of plates. 

1 .. c.p.Siess.~1.nd.N.M.}Tewma.rk "~\1oruents in two-v-my sl'nbs" 
Univ.of Illinois Bull. Vol.47·N°43 
Febru~ry 1950, pp.53 

~ . ...•... 

L-.. . ..:.._· _' _6~~_'~~~_~_' ........;a_M_ ....... ..-_=-_._. _________________________ _ 
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,~&.1.~ ;ilESTERGAARD' S COEFFi ClbHTS 

, Alth?ugh quite old, tho, stu.dy of plates by H.:.';.WasterIjClard 

wil1bepresQ~tedhere because i "t constitutes the basis of 'the 

moment ,cOOff.i,c ients given in th0 !tAO I lleinfOl.'ce d Concrete Buil­

dingGodot'~\s ,mctho~d2 ;ana. on the o'~lwr buna. "tllO vnlucs given 
, , 

the:r:e:inar~still' servtng authors (J,l:l :rC.r:0.:c\';'1~C0S in this subject .. 

Th?,~t~dy',bY H.M.Wester~a.ard is b[ised on :information of 

-~the< i61~~W.l~~~':f~'U:t:. killds _ 1: 
. ~ .. '. ., '- . "/ 

" "l':"'1ti3s\iits_~'obtain.ed" by _ the theory of clast iefty, 
.. :',;", ' 

-2~Rei:n~:Lts'~Of - tC'sts, 

:3-Geh~rnl-"_i~formntion conco:ming the nhonomenon of redis-. . 
tribp.tion of;stre,'ss' resulting from redistJ,'ibution of relative 

stiffness~,a:a,·thc'st'resses increase, 

4-k::nowled'ge of the behav.iour of flnt Sl:lbs. 

Six types of pnnclG ,represented in "t:-1G follo'iiing f'.tgure, 
- , 

are oonsideTc"l;(l)'The Single :9<1.11.01, (2)End panels of a ro'/: of pa­

nels, (3)IntermodiatG panels in a row, (4)Corner panels, (6)InterioI 

panels •. 

D
--

i . 
.. ~ 

(lr 

" ,. 

""', .,', '. 

T----r--·-r--.. -~·-l-
l I ; : . 

-1-"-"~--f----- r-~~-"---;-
! : I ' , 
: ! l·, I 
l 1 ! ). 

_L-__ -L ... __ . ..L_.-L 

(~) 

--"';l-.~H-_.-!{-'I-.';"'yr.r-,;",c""s-:t-· c-·'r-g-7,""n':"3-r-::d.·---:-~'i":'::::Bl-o-r-m-:-A_l-:l~?-,:,s-f~O-r-.. -:-t}-:--1-e~d-8-3-:i:-G-r-l-O-f~· -r-t;:-"'·-c-t-n-n-g-u-=l::-s.-r----
. ..', .floor sIn bs and, the supportLig gLrdcrs " Proc.ACI Vol.22(1926) pp.26 

I -

I 

~~------~-~~~~~ ... ~------------------------------------------------------~ 
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Tltet,ests Opnd\lctedby H.f':'.'rVes1iergao.rd and °N.A.Slater 1 

have iridioat'ed thepossi,bllity of using smaller. coefficients than 
~ .. 

thoseobtained,for howogoneous' elastic material by use of the thc-

. cry of ala~ticltj •. : 

. E:rof·. 'iV-cstci'gaard S UD.lm8.r iees the l:<:sul ts of his te sts 

,in 'the . fOllow'i~g,s(hitenoes: 2 

"The 'tests demonstrate quito' clearly the phellorlleno:r of 

.. ' redistri1),utiOll, of 'stres's.ThisphenomGllOn may be explained in: terms 

:.:, 

of what hap pons in the' case of a rectangular interior panel.The 

lond is assumed to. be' distributed' uniformly over the whole f100r 

and to ,beincreas3d gradually from ze:ro .':Ii th .the smallest lands 
. , 

the panel '.:till. ao't; rnostueurly like n homogeneous elastic slab. 
~ . . '. - , , . 

mho greatest stresses wil:t. occur at the ,centers of the longer 

.edges.The dingraru of coefficients of bending, moments across the 

edge shorvs small 'Values near the corners and large values at the 

middle.When: the landis increasod, the increase of bending moment 

corrcspondlng to a ' given increase of dr;!farmat ion will becorne sma.l-

ler at th,eud.ddle of the odge where the stresses nre l~'~rge tll£tU 

nenr 1Jn3 corJ~ers \''/:1(;re the stresses nre sl.ll::lll. Thn t is ,when the 

load L increases, the s·tiffness of the mn,terial becomes rel,lti vely 

sWnllorntthB middle of the edge "than nonr the corners .The rasul1; 

isth:lt· the ,pnr\js nenr the COrners b(}COlr.~ 1'0 l{lt i'Tely more active. 
:.", 

9ne ffis,y 8'$.1 thnt stresses are thrown from the middle of the edge 

tov'ia:rd the "corners ,iind the mi ddle borrons strength from tho s,i des 

1 • H.~;~estcrgaard aud W.A.Slater 
.. ' .' ': Froc.ACI Vol.l?(l921) 

2 • H •. M.~.1tl;'lstergi1.[ird On.Cit. 
" . "" 

I 

~ 
"Moments and stresses in slabs I 

.pp.415-538 
pp. 31-.'32 
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.J 
Accordingly, the diagram of Qoeffic ients of hend ing moments.· is flat,.;.. 

tenodout,the ordinates becoming smnll€lrat the middle and .lrlrger· 

at the ends.At the S[qr~c till:e,thefact.tb;:::.t the deformations n.re 

sffi[lller n. t the middle of the panel than at thelon~or cdges, CaUS0S .• 

a second ro distribut ion of tile cooff icients of bending. mOlliuntB, or .. 

borrowin.g of strength,';'ii'ch ciuoreases of the ·nc6utive moments, at tJ:~u 

edges and. increases of "the pos itivo lllOlUcnts .::itthe middh: of the 

pftnel."lhonth0 stressoo near·tho w.iJ.dla illCrO[1.lJo,a tL.ird rodistri"'; 

bllt ion occurs, the diagram of posi tivG .!l:i.o:c;;m. tB am'os·G the longer 

li110 of sYltrnetryis flattened out.Fina11j;thcrc is [-J. redistribution. j ... 
of act ion from the shorterspn.n to the longer s ~;an. Theso rf: clist1.- i-

butionsroDult.,golj.erally spcaking,in a. lowering ,Of -the critlc~d 

coefficients by '{ihich the slab \"i"o:'(ldbe d;:;sig1:H;d." 

The amount by ','ihich tho.moment cooffilJicnts .will be ; 

Imvercd is doterminc(i .by assumiu{; th!~tthd flpx.ureof n tw.o-',Yay 

slah supported Ol.l girde1.·s is no difrerent~ro!D·tho f·lcxu.:~:B 0'£ ~'), .. 
. . 

flnt slab.S1iat1os l?'rinciples applied. t·O,-t.t flat sIno give 0.1:.25 . 

as the sum of the 'oositive ... 

c00ff io ient. is g tveu 'to ce 0.09 by the JOint ComIl'~i ttee ()nStanq.H~rd 

Specifications forCbncrete and Roinforced cOllorete in thl1 reP'Jl"t 

of 192·1 (Sc.::ction 14.2) .The diff'erence of 'the tVl0 COGffio icm.ts ell(,J.blc 
I . 

. Westergaard to :reduc(~ tho moment ,cooJfi'ioier.ts in tl:e r~ltio of 

0.09 to 0.125 ,that is 28 .ucrc<Jnt,in the ;.:ase of square P£ll1C!lld 

SLlpported on all four sides. 

The f'ollowing fiSuro shows t!lG set of ·coeffi.ci0nt;3 

P1."oposed for -che use in design of squ~1rc panels sUpported on 8011 

four sides. 

----.------------------------------------~ 
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Fig. :8,;"'· Proposed coefficients of' bending illomcn·ts foi' 
. the dosign of ,s(j;~lrepanels of rc inforccd concreto. 

'.M::;G(Qb=; .. ,~ending 11JOUlt3ntin tho strip of width b;c = coo.f­
.ficiGntgiv~n.bytlle numbers; Q =totaJ. uniform load on thcpuncl. 

,Thesecoefficien>t;s are obtained by using tho co~;;fficion ts 

of Fig.l, by ta}l:ing into ueoQuut tho ·:.rodistribution of stress) 
'. . 

by, pcr::nitti:lg'a.,reduction of coefficients to -the oxtent of' 285; and 

bynssuming:that':the, doflections of the girders nrc small compared 

to ~he def.lect·~oriS; of' the central portions of the loaded. panel. 

Jrfg.·:fi.<·~liow~ seljS of SilriiJ.ur ooefficients proposed for 
~~. ' 

. i·e.6~anguitli~·;,p~~·1~g,:jTh,e bendine moments in the shor·ter 6p8..'1 aro 

ex;r~ s';e4:112~~~:~~"?±' ,the r" ti 0 f. of the shorte r s pm'! to the 

+bJ:l9G:t'sp~n\;,,;~~r~,.;r1~~.rL\laS . of 
,', '-;i.~': ~:".:.; 

t.Tpe 

" ': 

, ;:,' "".':',,,' . . ,'., .. M= = 4 ~IC2.f,~ ~tl7 ( 6 >-

C::i>' ~4.:;:oZ' "are nU!Jlbers. \I[i th. i.=l correspondin,g. to 9 ('p.t~u·C where 

. i. . . ) , ..... 
--~~-= _____ ~ ____ N~~ __ .~ __________________ ~ ____ ~ ____________________________ ~~ 
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slabs, the coefficiQnt~3 assume the va\ues given in }'is.3 .One can 

find tile moment coeffici <Jnts for one-way slabs by taking Ir"':::O. 

The form of Eq. (2) agrees. satisf~ctorily wi til the results found 

for rectnngular p<'.l.nols b,Y -the theory of elasticity 1. 

The momentooefficients given in, "he method 2 of the 

ACI Building Code arc very neC;\rly tho ones proposed by :'/ostu:cgnG.rc 

~ - i\~AH.CUS PROPOSiTioN -

For the d8sign of "tNO-W?Y reinforced concrete sln,bs 

~!l"arc u.s proposes the use of thefo,lloW' ing equa ti ons : 

( 7 ) 

max. My = My[~ -~(~ji) 
These equations :U'("~ l.KU.:FJJ. m1 pure thl!Ol·I.;(;icCll 0011.8i-

derations. ntx and -my are the m0n::cnts in 

one-·;/ay slab i.e. fYl)( '" ~ f ) rrty = '1 ~ 
moments in a two-way slab Ix wide and ly 

and 

long,compu:tod by the 6-
, 

la~tic a.nalysis of the slab. 

the reducinG effect of torsi onal mOlllen't is accou..."l ted fo·r. 

of lx/ly have been pr~?llre d.. The Tu.rl<ish p2'uct ic.e i;..::, to use the 

tables 8i yen by PUCHI~R,LOSER and.bETON KA..LI~ND:~R. 

The FreY'.ch Buldiu.:.; Oode ~l,lSO allows the use of~h,.:.; 

------~----------------------------------------------~----------

---------==-------------------------------------------------------------------
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SEOTION 3 
'. 

3.1.·:"'Inthis section two types of sltabswith different 
1 •• ~ 

< support 'condi'tions and side ratios will be designed. As , "types" the 
'.... " .. 
, ·fo.ur-edges,~fi':x:ed and'simplysupported Slabs 

':":0.;8 and 'i.6~re the"~ide' ratios consi'dered. 
< :.' '. I . ". ,-, .' 

are chosen,and 0.6 , 

:'The' proce,dureoutllned below is followed in thiS section 

A-'Slab"des igns 

,a-The moment coefficients corresponding to the following 

. ," moments are ,taken fromPucher ,ACI oode and French code. 

~.~, ... = ' Momen t at midsppn 
M_ = Moment at midspan 
x~ = Moment at support 

. XY: .=.Moment ,at support 

in the 
in the 
in the 
in the 

short 
long 
short 
long 

, , ' 

direction 
direction 
direction 
direction 

';. b~The 'slab is designed by the nYield-line"theory, by 

'.", taleing M/Mi =p?' 1 ' = XyfMx 
~. .';'" 

'c~Theslabi~ designed with ,the working stresses gi van " . ,., ·f· 

, ' ,by . the Turkish,American, and Frenoh codes. 
" ' -, ," 

d-The ultimate moment carrying capacities of tbe obtaine 

.. ~ecti.ons are Computed. 
• • ,J , 

The 10ae1 f~ctors applied by different codes arecalcu-

lated ,as explained. in part 3.2.2. d • 

B- capaoit.:y Comparaisons 

The' qapaciti of a given slab with a given load q is 

computed byth,e. yield-line theory, t~e Tu.rkish, American and French 
.~' . . 

Codes. 



, . 

. T H E··SIS·· ". ,."",;, 
, j.;'~" l'" 

ROBERT COLLEGE GRAQU~TE'S~H:QOV," 
SEBEK ISTANBUL"" ':i',"" . .', , .. 

; . ~ .' "" "' 

., '" .. :1,:;., ..... ,.'" 

, ,PAGE 28 

:l. 2. PROBLEMDeSign~a'S~~:';,'\v·i~h.,,;tx=.2.4:0 "m.,lf= ,4.00~ 
(l:i~/ly = ~O. 6) f ixedon all· four adga~,!ih'~'~~~rYing a d'is'trlbutoci.:' 

.'. 2 '. "",.:"'-""':"'! ' . "'.":" .~ . 
. lOad qof 500 Itg/M • ," '. ' , i, . ,: .' "", 

" .. : ' .. ,'. ~", 2 ': 
Available B-160 ·concrete,. ,', 6'"b,= 160 lcg/~m ,'" 

ST-I ste'ei"·", .,'<:~:::: 2400~ctn2,'·. ' .. " ~. 
In the following d~sign~{", rf 'is,~.a·ssWned ' t~ .,il1ol.U.d~ .::the}· ' 

, "I"; -, .,.-:,' ..,' ;._. ! """":."' _. 

'. , 
'",', ","', .'.-. " dead load of thes13.b •. 

. ;.; I ~ ,: .•. 

. ' "; ,: ~,. . . '~: ..... : '. 

3.2.1-<Desfgr.; by:t~;Iield::"lin~.'method., ,> ' '. ."',' ' ....... :, .. ' .... 
" . , ,':, ':' ~';" .. ,' ':'.' .' '~,.' '.' ,.' .. ,' " '.' ;,' 

Values'for .. y,i Jail~'. l:~i~lha :.:<?lltnined :fZ"0m,the,c~~f-:-, 

ficients'given by puohe~,'theAoI'oode>andtheFran~hc~do~ '.: 
. . .... , ;- ' .. , :. - .-' '.' .. ' -'" "-,- '., '" ',' .' 

" ':. -. 
~ .:; .' 

. ~, -. 

,', : 

'. \0$ . 

. . . . . 
&-puoher coaff ioiep.ts uae'<ito COin'Ptl.t~ L\e:,iand it_ • 

. " .. I· ..... 

For a slab of thedimenslons' showri. above'Pucher 
'.. .' -." . :.' , 

. . 2 .' .' .. ' , ........... 2 
Mx=li= . 0 .• 03362 q1x My:; J»~,,= 0 ~ 00436 qly. . 

Xx =111 = - fio. 8853'qJ.; ;y=71'~F'JlL': ~··--l-\6.1147 
0.00436'1 \2 .. '.' r"')" 

, U - . L-.{ \ .: O.12Q5:lt·18 . =:0,.36 
r- 0.03362 \Z,), ". '. '. 

-.. ".' 

Dimensions for iS9tro12ic,and;lys'is:! 
. . . . . 

. 
L:: '0.8853 - 2::02··.· 

,.f 1, ~ () ~ 0 3?G2 

--~--~-.----

gives! 

, , .... 

,. 
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.,NoV{ IFq. (3) will be used to compute the moment given by the yield 
'., 

" 2.,2 [ 2 

.m 
__ 
,
·.:,· ..... O .. ,' .(\f)2,5., 1.

4
, 6 .. ) ,L... ( l:.- 6\2(,{ )2 ") r z' \ 1 • ,2 J. - " 3. +! Q:.:::L) _[,~ _ i Q,5"fb I 21J' :: 0,04315 q Z . 

. , \ D.S60) Z·\ ()?60 \ 2 ) .- J. X Y \. 'y . . 

, , 'Z'I,2., .:1 1 
~ •• r ~ 

, . '. ~lV\Ce. ,. x:: -.. Z 
',. U x 

, ~. J 
. '." ~. 

The-reinforoe'me'nt will be designe d by using Bq. (2) 

'm: h2pCT~ (..f-&.6n) 

" 

we have 
"q-: . • 

~= .~ ,r =' 2.400 b = A~ P 
'<r. A€'o I 

, .. 

. SOlvingEq. (2) forp we get: 

. -t ± "/~~-.. -_-.3-DWl-Y-,,2.-cr:'1"" 
p= V ( 8 ) 

. To get ayleld faiiuxe. p should be beloVl Ph = 0.43 ~/o; =0~0287 

In the present . case m=110 kg m/m.Then (h~ 3.b c.m.) 

30m/h 2 <T.':'J. = gO x \I ~ =0.112 
(3.~)1)t 2.400 . 

I' ~ A-!:'§' _ / 0.12.10; >~, (Iii,., ,,"pr ••• I ••. rJihmz) 

AS" - --..... 0.00.40 <t\ 

b"'; ACIcode (Method2}coefficients used to compute ".,i and i' 

'For .lxlly:~,::b.9· the AOI oode Method 2 gives 

, :. ,M :i: 0.,047.4~<):·· . rlfl = 0.025 q~ 
'.' lM.= ().~o6'3_q~i ...... i tft' =' 0.033 ql~ 

,"': ,'.' 

.' ,'.'.,: 

' ...... \ ... - ... , 
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i.; O.06!J --i.34 
0.041-

[':: 0.033:::, -i.52 
c).02S 

Di~~s'ions for' 1 sotropically re1nfo~ce.d slab: 
:. ",' , 

I == 2.40 /{o.531' = 3.29 m x 

PAGE 30 

" 

:c-FrenchCode ooefficients \B ad to oompute 
> 

f-,1 and i 

'" 

, ' .. ' •. ',. "'2' 
r~= O.0632qlx 'pM = 0.326 M 

1M ~~O<t50 " M 1 ~ M~ 0.50 fM 
.. . p. ="0.326. ·1 = i' = 0.50 

Dimerisionsfor isotropically reinforced sla.b:. 

··.·z· -4.oom ,.' Y -, . 
z . - .2.40 _ AJ4 m 

)( - lo.uG - , 

l~/i,.f.035 (Z:)., zz'., ~ 0.811. ((2)., f).sld" 
, . Y , . , 2 V~ -I- 0.;0 . , 

. m;1(o:~)'Cr 3 .. (A) (4.01.)" _(A)(4.035)r D.1!)2GQ 1Z:1. 
. & '. 

m = O. '0825 ~ Zx. : O. 23$O~~~r/~<:·;.· 

M ?:~~S ,,0, ~~ ?'A/1M ',,' ee+ {: 3.5 CUt',.;r he h 

" 30 1\'\ I: c>. 24- 2-
'. h2.q--

't, 

-------~~--~--~----------------~~------~--------------~ 

' .. , 
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. r:: ~±-05S 
" As . 

/ 0.12.7 /' rio 
:::. 

~ 0.008"'5 < PI:. 

. . 1;, :: '0.0'8' 5' >' 3.5 )(' ~oo = 3. 03 ew. 'f.. /~ • 

3i2' .. t?~Design byPuoharc~efficients' andftTfu:kiye ICop'iii va ins;aat 
oemi;rati" Batonarme §artnnmesi 
." . 

a-Thennximum positive moment will occur at the center of 

theslab.,lrl the. short span direction.This<,mo:ment will be :t: . . ,'" 

:M; 0.03362 ql! ;'.0.·0968 tm/m 
..... X,' .. ". 

h-Design of reinforoement Allowable stresses are 2: 
.... " 1::'. " . 2 
60kg(cm: i .~ = 1400kg/om 

·Inorq.er ·to have failure by yielding of the reinforoement 
3 

the . require d useful depth is : . 

. .•. hy' 'l.Sq1 it '= '1.8'1 . ~~:.'8 ~ 3.1 .... 
,'.. 0 

Assuming n s.lab thickness of 50m. (Dend load =0.05x2400=1201cg/m2. ) . ' , ".: . -,. 

we provid~;h=5\;;i~;3.5 om . 
,.. . . . .... 

Tp.e req~ired'steelarea in the maximum moment direction is; 
.. .. :: 't -= C) .• ell '" 0.0,",,8 =' .2..28 ~l. I 

.. ' .' e . . I"., 
. .'. 0;035 : 

. " o...;.Qaloulation, of the ultim.qte: strength of the obtained sectii 

. Eq. (2)jvill 'be' used to compute the nIt imate strength of 

the oross se~tj,On'with Fe= 2.28 cm2,h::3.5 om and width = 100 em. 

p 

F ::., 2..2.8 = O.oo'S2-
.' , . , 3.5')C 100 

ShOU~d , be· .b~~OW·Pb =. 0.43 .~ Irr'l in order to have yield f ailuxi 
. . . . . 

.. ' .~ ;O~4.3' :·.460 :::. 0.02.8"1' >0;'00652. 
. J, . ,,': .2400 

< .. l':.·A.Puch~:i:'uLehrb.tlchdes Stahlbetonbaues" Wien 1949 pp.159-162 
·:·~:~.~From;T·U:rklye~~KOpru. va· Infinat Ce~iye:ti .Betonarme~artna'mes i 
'·..3,.P,:r~~.,:f3~nnc:riIiose;r:nBeto~arm2 Hesap Metodlarl. n Trsru31atedby 

". .:. ',.,',," >;Dog. YUlc.!vi'lili .. Yusuf Berdan Istanbul 1955 
.''', . ", ,,:~; pp.134~135 . ' 

... I,,' 
, .', ," 

\::. -
";. '. ' ... { ". 

i' ~ 
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.-, . ' 

Vl:: '·p~;f'O~06'G2;)('~Z400 '=,fS )(O.OOG;2. 
. ·· .. 1Tb " " .' >;",:.:·.!';~~O.: . ". . , 

; . .»>.~(~}):{d:oo, ~2) (24 •• ) (A 
. '" .. ':' ., ':;' :, .. : ' " 

"", :" ·~~'·~.:.·A~i·.' ~.,'~.ttt!Yn :: O:IB 32 +"'/m··: O•O'5t·O, Z; . 
~:'~' .. ': .... " ·~::l~'··.' .. ?··>"'·:·' .. ,'··. '. ~ 

";., ~:r. : ',' (, " 
. ··d~.71e ··crol··.no\>i<oalcu18.te the "load fao tor TI re s ul t ingfr Om. the 

.:: .~''': ,'> 

,Use' Of. ~UCh~i<,co:ef1:io'~.ents·a.nd TPrkiye Kopru va :tnfiJaat Cemiyet ~ 
"'.' 

..• ' ... ·;~t,one,rme§·a:rtnhm~.~:i:. . (TnOBA 9art .). 
':, >' ... ,'-" .. ' ,", , .. ' ,"';:. X>' ," ~~.:.; .. :<".,'~. :~" ''''':~:';.'' ,'" -

,., ..' The1l1t:ima~~.cap(;c1ty. computed in. the' previous part is 

. )'q~tto the y~~i8*~'ffi~ moment with q.= qult.' 

, .' ~ . 

" ':.::. '. "" ... ' ',',' ':, 
But· in p~t' .. 3.2.1.athe yield-line theory gave: 

" .: '; '.. ' . .'""-

::' . 

.. ";' '. ,< . , . 

. :.Dt·~O~0382 q12 . ·x 

,', ., 

.or 

Equating the two moments: 
~ " . 

'0.:0637 ql~= '0.0382 qu.l~ where qu=ult!mate load 

. i 
'i~ad Factor = qw'q = 0.063'7 =1..67 

O·Oz,S2 
-.,', 

3~2;3-Desi@b;y ACI ooefficients and AClworlcing stresses. 

<'a-Th~. maximUm positive moment according to method 2 of 
'-,'.: 

the ACr·. Cod~ wlll:be ': . 

. . , J\ix~~'O~047 ql! = 0.047 x 0.500 x (2.40)2= 0.135 tm/m 

b';"])9S1gnofreinforcenantAllowablestresses are: 
.... .., . 2 

= . 701q~/Qm2' 0;: = 1400 kg! em' 

.• :'FOx,coritputat'!on of the reqUired depth Vie melee lE e of 
, ;'f' " .' , • 

Table 46. 
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" 0 .... the ultimate stren th of the obt ined sect· on 

' .... , .. ' 

,'f 

" ' 

- '~ < 

",;",~/( :5.!"y"(O;O'01,,) (2400) (A;" A5 )(0;00'1141) = 2,6' 2.5 
, ' 2-

,tn:t;l. 2;3 4-~/tM = ,o.OSSo '~ 1)( 

1. f. ~ O.oBSo = ..i~l·(r 
0.0402 

3.2.4 - 'Design by' the ooeffioients and Vlork~g stresses of 
,; the FrenohReinfo:rced Conorete Code ' 

,a-Maximum posi tive mome~t 
. 2 

M.= 0.0632q1x = 0.183 tm/m 
x 

2 b-Designof ~einforoement: Allowable stresses are : 

(II, .. ; 96 kg/cm2 £>e. = 1600 kg/cm2 

',The m.oment that oonorete should take is: 

W10h' gives 

M -:: ~~ b (0.40; x o.a,,) h:,= O.183~"' 
I 
I 

The slab thiolmess is again taken to be 50m' h =3.3 em r, , I 

M _ 0.183 ' _ 3.2' eWl~ ----. --. 
~ h A.' \(0.035 

"+fl: 
e-Caleulation',ofthe' ultimate strength o~ the seotion 

d-' -' 

P,= ,·3~2.6- :: 0.00,}3< PI. 
~;S.)( \dO 

.,,:: (iSY(0.OOq3)(2AO~ (A - ,,5 )(~.OOCJ3) =25' J:!»",1n, 

,m: O.25(,,+mt, :: 0.088'1 ~Z)C2. 

'LJ. -... 0.088" :(·08 
o.9i2.'5 

1. nR~g1es pour le" oa..1eu1 at 1 'exeetiti'ondes oonstruotions en 
baton arme" 'Mars, U)61 

2. Computedfr'om Ibid. pp.55 and 67 

'". -
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. ':';~,:.'~ d:'
h 

·:§·~.i.1.:':PROBtEM', Design a slab lx = 4.00 m by ly = 5.00 m 

~~( lx.,/ly ':=:0., ~)'::,:ei~e~::,On.:: a~l the foUl' edges; The loads. and the avail. ... " 
. , . " -". . '. ~- ~. . ., .. 
;~bie·are tlW;, Sa'me'lls.':ill.·' problem ~ ~ 2. ~qiS. again assumed to inolude 

::,',': .:: ';'".:: .' '< .. ~,:'::.".;:.:,~. :,.: .... <.~:-.;.<~ .. :'>~"., .. , '.' ' .. , ", 
,thedead lpa.d~(jf the,'cslab~: 

", ..:' ," ":;3;~3~'i:"~D$:f;::~y the Yield-;linemethod 
":," '-, , "" " ... -:.":;';:.:,:'-:.' 

, ',a-Puolier, oo-efficents used to' COlI!l?ute ~. 

:,':' 

'. " 1;:"';'" ,O~;;o"4 ::2.2.8 L~ __ O.;...._2.q_()_6~:- ~ 2.2'1 
:",~";, :~1)(<>.015S~· A%. )C 8.010e;8 

Jy=.S~O(:h!·.;;',:' '.' " ". t: = O~~~08 = 5.00 ~. 

(1 ~);~}£~il~'·i"o.553 z:' .. ' . '. (Zy),: o.!; 53 ly 
. . .' ' "<2.~f"A;:'~:l;t8· . . , . 
"':,,:,;c·:·'::'.;.'[';t2.J;.,' :. . .. ,.' .' z . . 

• " Yn :1(:'!~~~,~~;'r3+ (!)( A)' - .~. : 0. 0121 ~ ( 

'·;.;.~.~lqq1( = D.ISq ~"/ .. 
1tt:h\~i~;~~':,:' .. '. TheM' o. ~OlA:J 

i.:,0~M (~.:~~lZ ~. 2 ±~. ~ S16 : ~ 0.131 ~ p~ 

, '. . . '.-~ . 
\ .. 

'" 
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b-ACI Code coe:ffiai. enta used to compu.te p~and i' . 

' ... M~O.036ql!',·· .. }AM =0.025q~ 

'1r~.,=O.048:.qJ.;:: .. { ifM = 0.033 qIi 
;' .. : ··_O.O2.~ .' O·:~4·;.':;'·;· r- 0 8~4- l. 0046 4;~ 
:·"::·.··T~,.,.f~·'o:o'3,·::G._ .. '<,If= . =- '0:036= . 

"_ 0·013 ' ,I 22' f., _ : '1.;1 
.' 0.0).5 . 

1'1 . 
"Ill, :: 0.1' ' 

y . 

I 

c -FrenohCodeooeffioients wed to compute p. iand i' 
. '.' 2 •. 

M = 0.046 2q1x f: M = 0.512 M 1M = 0.50 M, 1 f M = 0.50 f M 
1r. "1 t', S ,-:.0.'311... ~f: 0'1'G L:L: O. () 

l,:: 5.00 m. 
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a--E'0r'. :the','Daximum posi tiv~moment 
, : .. " .•.. ' :r,.!,:: .:." I.,' \ '.2 ' 

witnl1~1y=0.8 Pucher gives 

.Mx·~,,~q~0~583 q1x= 0.206 tm/m 
i • .. 

, '·i,;:.~~7,.,~Si~.',()f ~eW:foroernent Vb /~ = 60/1400 

,h;:'1,811V~:~,I. 4, S,,", 

<:".As~\lD:ling a:;~'i,alf:thiOkneSSOf S om (Dead L.192 lcg/m~ 500) Via pro-

, ... ,' . 

,·T -
"'. cz -

: : ; ,-' ~:. 

, 0.8.2.1 ')i O.2D6 
::: 2.60 cm/m 

<',·065" 

'0-, ,Ul tlmate', strength of j the oota1ned seotion 

y):' 0.004-0 )C f6' 

in?'(~' JJ:"Co'O~4~(14 •• ) (A - I~. ~ .•• ,,): 314 ~"'!.:. . ~ o. ~q4 4"'1", 
..' .. ' .' ., z. 

"rn -:. O.04Q3 1t . 

d -LOad fnoto~ L .f: O·04-q?> = .2.46 
(). Ol'~ 

. 3.3.3 - De.sign. by the ACI roeffieients and Vlorking stresses 

~ Maximum positive moment 

, Mx = 0.036 ql~ . == 0.288 tm/m 

B- DeSign '~freinforoement . D'i, / a;. - 70/1400 

'. .. . . h r:8 ,81Q i ~~:'61 0 4..:( "". 

'The Slabthi~ktles'~ is again taken to be 8 em. 
. ~: '. 

• ~ t 
,- '.,' 

0.833 )C 0.2.88 

0.6G5 
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. c~CUltimiitestrength"of. the obtained section 
.' , . • ~, . . '._ ",} •• , ." r .". 

'" ' .' 3 6'1 c' , . 

. ::". b~:> .... ",~, 'o.OOS't .< b ., r·, ·G.&;;c.lilo·· . rio 
~ . .;. ~. .. . 

: , . . ~5)(O.O.<'~'l). ' .. ~;'1 .k~ ... /_ . _ 
. . . . - :;;l'=,,,, =' I,.;; - 0.S52. ,., 
. , ... 2... : . . . -,... , ... ,' ,.. 

, '.'~, '. . 

" ~; 

, '~:' ' . 

. , . ,-, . 
.". ~ '. 

.', ' . 
.. ,' . ; ..... 

'<., - .:., ," 

.. ; , " 

• .' .'. ',: > ~.;' ,_ 'r· • 

,", ..... 

·f 

". ' c 

L:T.. :: o.OG=1lf' ~.'. :iS3' , 
. 0·02'8 . 

tne French code ~oeffioients, d workin stresse 

,a- •. Maximum'positive inoment 
. . ..; 

2 . ' '. 
""".~ O.046~ qlx = 0.370. tm/m 

, . ~.\ 

. ~ , ' 

Oi. . / ~ =' 96/1600 

',,"Tl+e 'moment that oonerete should take is: 
.' . ,A . . ~' , M :: _ rr \, (0.403" O.8Gb) hI" :: o.?>':fo 
.' 2 b '. ' 

which give.s. ,:'lix=i~7 em., h=6.5 em is provided again 

0.3-+0 _ _ .3 55 eM ~ / 
-' IWI 

,.,'. ,f.6 lC ().O'S 

c-, Ultimate strength of the obtained section 
, ' 

p:;.'. ~;5S·· = 0.0054' < r" 
, ,",:,.~x 100 

. . 

'l': (~.6l (0. 0054') (.240Y ( A _ O.oS4~.:d5) = 551 
. ~ . 

': . . ' , 

" .•. , . m= 0.0,'3 11)( 
. ".: 

"':, 

"-" 

,.,e',," 

'" - > , -. ~... • 

..... """" ......., __ ........ ~_ ......... . -.. 'w. 

, ~\'". . 
0.0" '3 _' A.3b 
o·o48S - . 

-
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3.4 ':"PROBLEtJfDesign a square slab 4.00 m by 4'.00 m,fixed 

on all' fo~ edg~s.The loads and the available materiF,ll.s are the 
. . 

.. same, as in : the prev10us problems. ~ includes the dead load. 

<: '-,',' 

>":'9~4.1~ne~lgn. by the yield-line method 

a:'-:FUQher,coeffioients used to oomp utej1 1 and i" 

" I 

" ", " 
'Fonasquare.slab JA =1 and 1 = i 
"; ,;.',,' ,'.' 2 .' ~ '. . 2 

M;;:O.0179, ,qlx l.M= --0.5000q1x 1 = 2.33 
042. .. 

b- ACI Co decoa!! ic ian ts used to compute i 

2 2 
M = 0.025, qlx 1M= -0.033 qlx , 1 = 1.32 

(l~) ~ ,.21)(, := o.,?s!" ~ (l.Jr 
,". '", 2~4~.t3i.' 

111= j(O.'65)'C = O.OJ:fB 1( . ".14~ -1_/ .. 
. 24, 

3o", _ 0.0425 
\,1. u: -

y 

A' ± VO.o,6t/'~ '/ O.DoIAt, 

AS " ,"'....().lal. '7 PI, 

''+;~, O~OOI4{'K lao )( '.5 ':: 'O.~G (!IU:V~ 
I . 
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'. '" ~ -, 

.:. ". :.:': ... ,.'. . '" I . 

. c' 0. •.. ~:.~;~an.ch,code~cOefficients medto compute 

';::'M:' ·= .. Q~~0317 '. lZ .,. q x i = 9.50 

:.«Z~r = 0.8" 1~ =(1,). 
.:. :. '."'. .', 

" .. ' ,: ..... m :'i(O;81C!J)1 I: _ 
24. 

PAGE 39 

1 

.A± ,0.'134' '_ )0.0022' 
r:: '.' . A':i'" - ...... O.I~J >~ .. ''': ". -', 

~.4Y ~'L/ . T /"..,. . 

. ," ,', 

. '. 3.4.2 ~<:ne$ignbYPuchercoef;ficlents and TKiCB;A §art. 

a~,M~irntim.p·ositive moment: 
., 2 .' 

M,~',::O~,()1:79ql ~'O.143 tm/m ..... ....... ·x 

..... : 

. ,', ,;.? I~).:"' ' , 

........ ·f{.·~:~1~~;;·><:.o.o.'-:rs < ~b 

, ~. '. 

", ',', 

...... " 

. , .. ~ . 
. " ; :: .. 
~" . . " 

'0 •• ' ,.' 

. ~·~.~(G;(;/(MOq8)(Z4~ (A _ 0.001.18 x 15) _ 300 1c.~,..1 : 0.300 -/'" / 
'2- - I,.. /.., 

, , ' .. :: -~.,.: , . . 2-

':'i;t: O.o?':T'S '~l'IC 
, 

:,:, .. , .. ' 

0.03:' S :: 5 .. ao 
0.01.25 
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,.;, 

3.4.3- DeSign'by the ACI coeffic'ients@d working, stresses 

moment a~MaX:.imum positive 
. . ' . ' .' 

': ....... ,........ 2' 
.: > . 'M:=: 0 .025 q~ = 

• ~ .".... , i 

0.200, tm/m 

. ,b.;;;·De~im of re in:foroement .=. 70!l~0~ 
.' . 

'\,' . ' 

.' 6.5 om is·provfded.,ior h·by taking the slab thiclmess 8 em 
".' .e' •••.• 

. 'f: . ':0.8;3)( O.2.OD . ~ 2' ~I".' 2/ . 
e = . - .?roe~ Irrt 

. 0.0';'5 

: o-Ultim..1te~capaoi ty Of the obtainedseotion 

:','P= 2.5"":: 0.003"4< p 
. . .'... ..' "c.0'l) ".'.5" " .. + . 2-

m: (,.~y (O:003'f.4)(24 00) ( A - B.003:4 ~I';)= 3", k1"'/,..:: O;3'l' %:O.04QS ,llt . 

. d-Load faotor 1. r.::: 0.04"!1: 2.=T8 
0.01:(8 

" 3.4ii'4,:-',·DesiBn:by·the Frenoh Code coef:! 0 and working stresse~ 

. ',. a~M.= 0.0317 q~ = 0.254 triVm 

Design of, reinfgrg,.ement . . '. . . ~ 

. '0.,2.154 =- L rr. b (0.4D3 It o. S,,) hr 
. . .2. b 

(J"'J, / cr: = 96/1600' . 
.¢ 

whioh gives' hr=4.0 om ,6.5 om will' be-provided again 
, 

~= 0.25.1 _ 2.44 cu.,.'j, - ,., 
A.G)C 0.0,5 

a-Ultimate strength of the obtained section 

. ~ = 2.,44':: O.003'{5 < rio' 
'.5")( ~OO . 

':' ~ ('4· (0 .00J1_)( MaD) ( A ~ O.OOH: )< 15) = m~ l~ '%. = 0.118!'i • 0.0412 ,( 

d~LOad ~ factor 

L. t = 0>04;=12.:: ~.1~. 
0.02=11 
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',' \ ,," ;. ," 

~,::3.5 ,;"'PROBLEM Design aalab ~1i th lx=2.~O m,1Y=4.00 m 

(ix/ly=O~6~'ts.implY~SUpported on all four edges and oarrying a dis~ 
',:tribt;t,e,d,;foadqc,'of 500 l,cg/m2:Same materials as in the previous 

: problems are, availab'le and q is assumed to inolude the dead load • . :_:~,.;..~ .. _~.<.~: .. T":,~:~~.?I;·C":~_~"'., •. "' :" ..... : 

a-PUORER Qoefficients used to compute f 
, 

(1-i -0) 

1\1. ~'O.08127 ql! pM = 0.01053 '11; 

, O.OlO~?>{ '(ly)~':, 'O.QIO~~ (-i.,,) 1. :.0.3&1 
,,}l= '0.,08121 Z '." "O.O$I2.~ 

, . ,)( ": 

]hmensions ofisotropioally reinforced slab 

r = 4.0Ti '1\. i: ~ ~ :. t. (R) r"I' 
<Y , , ' (H; 

Eq~'(3Y\Ylil 'be used again to oompute th~,neoessary,mo-

Then 

'.~ t 
b-A6I. Code ooeffiCie.ntsusedto oompute r,i and i 

, . . . 

J • Although the slab is simply supported on all four sldes 

thla';ACI :Cod.erequlr~sthat it be reinforoed for negative moments 

, ne ar' the supports., i. e. i and it, are not zero •. 
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~imension8 of i8otropioally reinforced 'slab 

. (UOl20 

_ -4 ± to. 't'W' ~ / r- AS; - ......... ".IS2.2 >- 1'1. 

'm= &./oS4 ~ z: 0;: 0.304 +)tt/", 

'l~+ h~'b.5 ew. ~ = 0.0'100 
h% 17':' 

'I, 

...• ,'·b.= A :W :: 
"r AS 

/' 0.0030 

'-t. . , 
0.130 > h. 

' .. ". ,c "----............; __ ... __ &111....... '~I5W 
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, -'", 

, '-::a~ ,',Me.ximrimpoeltive moment 

',"~' ,.;:,"~(~\)~08i27 q1; ,: ~·O.234 tm/m 

,'.' , '!~'i,;:;;:';:,/'ri:?Slgn:of're int orcement 
"'C' :,:., • "', ," , , ~" 

.,.,' 

Oi;, I~= 60/1400 

. ... .... ......,~"";q.81IV1~4 .~. 4.& .... 

',' ':':Taking 'the thicime,$s~,o:ftheslab a. cm,li=6.5 em is provided. ~ 

, , ", 

, "" .... ',,',' "'-,t, ... ::' O.a2A x o.2.~4~,2_,'f' tIN. ~ / , 
~, 0.(')' 5 ','. ' i'." 

"'c~:: ,ul.iamat§' oapaci ty' of theobtaine:dsection 

: b~' ;" :2.'i{' .' ':. 0.00465' < h 
r Acro.XG'.S,. "rb 

.'m:::C(;.:si(O:0045!;)(.1.40o)(..t - O.004:6x.t5) = o.A.45" f",/~, 
, 'l. 

tYl.:: 0.154; 1Ix 

d-LOad faotor ' l.t ~ 0.15'4-5 _ ~.32. 
o. IlG -

~. 5.3. ,~. De'sign: by AU! Code 
, 2 

a-M = 0.083 q1x = 0 0 239 tnv'm 

, b~" 'Design of rc inf orc~~; = 70/1400 

,- '8' \Q~ 0.23'1' 4 3 ' fl: .s. __ , _, . eu.t. 
r ''''.00' ,-

h = 6.5 om is provided again 

'fit ::. ' 0.833 )C 0.2.3'\ -; 3.06 Clu ~ 

,',", 

0.0(,6 

'C-Ultimatecapacit .. y of the obtained section 

.. ;,' -:' , .. - . ".,. 

L.r = 0.1633 _ 3.£f3 
0.041" 

'.' '. :-~:;~-

---~------~.~'~~~--------~--------------~----------------------
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. '3.5.4: - J)esigx! by the French Code 

a';';M =0.0849 ql! = 0.244 tm/m 

PAGE 44 

·0 - ; Design ofreinforoement Gj, / ae. = 96/1600 

.. ,- -, ...... ::. . M:: i <\ b (0;403)t 0.8Cot;) h: ~ 0.2.44. h.t .. 
2- . 

h:r = 3.9 oin h = 6.5 em is provided 

+- ". 2.44 _ 2. ~ S cm.L 
/ 

<l - ..t.' ~ 0.0'6" 
- /"Itt 

.c - Ultimate capacity of the obtained section 
. . 2.3 £; p= :: o.oO~'2 
. ~.15 )C "Oct 

h'I.; (r;.5r·(6.063U)(:l4o~( A - O.OoU1 )(H,-) ~ O.!5b 4"'/.., 
, • 2-

It\~ O.',13S' ,Z: 
d~ LOadfaotor :: 

0.12.~s" 

0.105"4 

i 3.6 - PRO.BLE!\t' Design a slab 1x=4.00, m,ly=5aOO m, simply 

Sl.:lItPQrted on all four sides and oarrying a uniform load of .500kgj'm; 

Same' materials.as .. in .'the previous problems are available J q is 
, 

assumed to inclu.de the dead load • 

. a-Puche£ oba:f:ficlents . used to oompute p_ 
·:M.:: 0.05512," q1; ,.M = 0.02258; ql~ 

.. r o.:.~~:~~ (t)'= 0.408. (w;f 0 M4 fl ~ 0:8 

'.' 'Dimensions' otis otropica11y reinforoed slab 
.' .' .. '. ..... ,'.:' I .' 

'. 'l- 5;~o "" 1 .: 4.atI '= ;.00 .". 
j '. ,Y -', .• '. . x.,. S . , 

(l,J
r 
::l)(' (ly)~: 'Z" 

m: ~2ry3~\9' '_ (A}]2= O.~4'+ 0/;2-
2.4" .... I 

"",,;. 0.0(;5 ~l: . ~ (J,G.Zo -l ... /~ 
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30,"", 
-: 
i "'''0-: . 'f 

,If (). 0 () 6 33 

"0.1280 

().154-

,,~ ::.' 0.00533 :Ie ~oo )( G.S: 3.4' cwi ...... 

PAGE 45 

b-AOI coefficients 
" 

tS ad to oompute¥ ' i @di 
2 . 2 

M =,O.pof1qlx 

iM ;:;'0 .• 0;;13 q12 
.X 

JIll = 0.050 qlx 

• .' 2 1 p.M ;:: 0.033 q1x 

q :: 0.885 f.= O.Gi.2.· ~(:: o. Gt; 

2. 

m 0:: D.0330 ,1" 
. ··It.''' h=,.,,; uu. 

· : ~ ,~.t fO.q~I2..' _ !' e.o02.'~, r .' . AS -
'.. , ~ 0./ ~O5' '> P J. 

'fa = 0.002·'7')(loo)C c;.~ : .... :(.4 ~% 

c - French Code coefficients used to compute 'foL-
M =0.0615 q1~ f = 0.684 #' = 0.828 

Dimensions of isotropicu11y reinforoed slab 

ly"; 5.00 \tI ' Z::: 4.0'0 ';: 4.S4 z: / :. O. 't"" 
, 0·828 /z; 

If 

(7') = z' )' r l( 
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. " ~. :. 

, " , 

'b:' A ±.10:854' 
r AG 

,'. '1" 

.. ,,' 

·'3~6.:2- Design by Pucher coefficients andTKiCl3A §art. 
, 2 

" ,',' a'.:" M= O.Op5l2 qlx = 0.441 tm/m 
.",. ':.' ~\ . 

, ,~,: b" - nesi~ of reinforcement OJ, / ~ = 60/1400' 

. ,~.>: ~:8~7.v~4~il:: G. G t.Lu. h = 6.5 will br provided 
';, .".',' t: = 0.&21 x 0.441 ~ s.~:r t!&tt.j 

,,. .. 

. ", e. O.OlDS; I"", 

'0 ... Ultimate capacity of the obtained section 

r:: __ 5_, t;_':f_ = O. 00 g~ :r 
," '. ' ," AC'O )( G.S' 

,:". '~,~~~:(",G/l (0.0085.1')(.2400)(.,f _o.ooe~)c "5" ) -= o. 814 .J."'/~ 
, ,2. 

"' .. 11\:: a.to2 1lx 

,'d,'- Load ,factor: L.t.:: 0./02::. A/Sf 
O.OGS 

·~6.3- Design by .AC! code 
2 

a- 11 = 0.064 qlx = 0.512 tm/m 

.b -DeSign of re inforcemeIl;t 0;, / a: t:. = 70/1400 

·h.: S',g' 'I~V051~ : ''-.34 W:. 
r-, .. " A.Oo h = 6.5 cm will b~ provided 

I 

. ":,, .,' tn :: 
.~.. ~ 

O.8~3 ,,0.512. _ 6.66 (!W~~ 
D·OGS" - , ~ 

c~Ultimate capacity'of the section obtained 
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.' ";.. ' . .' .'::. ' -' ,~ .. 

~:. " 

.f: 

," " ~ , • f' 

,';' '. 
, . 

. . d - . Load factor: L.r. =- :. 3.5S .. 

3. 2~4~Design ,by ·the Frenoh Code 
.' '.' ," r .. , 2' . 
·"a.:- M'= O·.0615qlx = O.492tm/m, 

\ ';, 
b .~ .. Desigztof re inforcement <7b / 0; 

'.' M ~ ~. U!:L' (Q.403>, 0.866) h;: O.4~2 ~ .... 
= 96/1600 

hr='.5.42o~. J h = 6.5 em will be provided 

;re:.:. . O.4Q2. '= 4.14 t.w 2.!~ 
. -r.' )l o. o~S" . 

, .,.; . 0':";' Ultimate oapac! ty of the obtained section 
"" 

"', ... :' b?:.,A.·14. = 0.00:(2'1 <. r' . r ,.g-)( ~oo . J,. 

" '. 
·'Wl,::\C;;.~)~:(O~D012'i)(i40V(A _ o.oo.,~~ )C45) ~ 

.' -: 

. , '. . 

"', 
.: , .. ' 

"j • 

, '.' 

'.' ,. i 
"rt\: ,'0.0£5:(5 41)( 

.. 
.'"," 

l.t. -:: O.08".Jf; -= ..f.44 . 
O.OGIB 

'3.7 ..... ; PROBLEM:.. Design a square slab 4.00 m by 40 00 m, simply 
.. ", 

support~d o~ ali:four sides and oarryi:gg a distributed load of 
. "'2 , ............ . 

: 500 kg/m .Same mnte~ials as in the provious problems are avai1habJ.e 

and q is assnmed::toinolude the· dead load • 

. ' ·:·3.7~1-·Design 'by the yield-line method 

···.a ... PuOhercoefficlents used to compute 1 

,: .. ~:, J.>uchergives M =M =0.03646 qlS 
",;' x y X 

., .. 
. ', " 

, 
1=1= 0 
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For the case of square slabs,simply supported and with i~ot-
.. -...... ~ 

ropic reinforcement the yield-line theory gives: 

m = q1i /24 = 0.0417 q~=0.334 t~m 

- . '.". .lat h= '.6 WoI. _ I~e~ ~ = o.o'lQ4 
\, 1.cr:­

'f 

_ A± fo.'loo' ~ /,0.00333 

f- AS - ........... {).-i30 >rb 

. ~ :;:: 0 .00 3~3 x ~OO x 6.;- = 2.1:( (!W.J. /"., 

b- ACICode coefficients used to compute 

M = 0.050 q12 ' iM = 0.033 q12 
, x ' x 

(Z)l) r :: 21)t i ~ o:r:/~ Ix (IY)r = O.i15 loy 
2~'H.O.f,G 

til, ~(o~$J'Z: fV3+ (Ar' -0)]'"' O. 025 1( 

30 rtI _ 0.05'1" 
,,2-(7:: -

'f 

, b'~A ±~O.i4' :: J' 0.002.0 

.r " AS ~o.13~. >rl. 
t. ,'~. 0.002.0 x ~oo >' G.S" ~ '.30 (.U4'Z./1Wt . e',- " 

c - Drench Code coefficients used 

The French Code gives M = 0.0423 qIi 
2' 

M = 0.0417 qlx 0.'334 t~m 

From part (a) of thiS ~ection 

F' = 2.17 cm2/m e 

i 
I 

l. -:: O.GG 

4 ... / . 
.: 0 . .200 ('ttl 

I 
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.' 3~7-~g ':'Desifm; by: 'Puehercoafficients·and TKiCBA Sart. 

~:"'MO.03646 q12 :! 0.292 tIn/m ','. x 
b- Design' of reinforcement . 'Of: / ~. = 60/1400 

, . 

',It =.:'[8'11 ~ ;';.41!.1L1.' h'~ 6.5 em will be provided 
: ... :\"""",:, A.oo·:--'·, " .. , " ~. 

t " O.S2l;,tO.2R2· __ 3,,<;;'1 C!Ut.{.. . e =- /t'., 
. 0.0';"'- . 

o-:aitimate capacity of the obtained section 

'~,," m\(/;,:s)~ fO:~56~)(24oo) (A - O.005~ x AS') = 

. "'m: o.oG'Io~1:: . 

. : ,,:', 

':: --: 

. -', :. 

," I:'" 

.. 3.7!'3",:nesign 'by, the "or oode ooef! .and wor!Qngstressef! 
., ..•. ,<, ,~" .. ',". 2 .' 

". .' ,' .... ~.::. p!.='. 0.:050' ,q1x . =. O. 400tnv' m 

m·.~(~:~)~(O~o.~IBfi) (2-4:00) (A. -, O.001!q~ ~5") ;'(J.:ff;~ +mjft1 
'. :;,' :' .i,. 1',.' 

'. -~', :,'~::O.o'14t.~lx 
,,' ;..,;;" 

" ,.':'.-

.;: " 

L~t.": ,D.o't4-1 :: 3. +c:, . 
~.O.1~O 

~-- .-------_____ ~~_M·...;... .... ..;,CiUi2l4uJt..;,:;;.·~_· ..;.....-i--~-----------~-----..... ------



THESIS 
ROBERT COLLEGE GRADUATE' SCHOOL PAGE 50 

BEBEK • ISTANBUL 

3 .• 7.4. - DeSl.gn by the French Code 
". 2 

a. - M = 0.0423' q~' = 0.338: tm/m 

b IDesign of reinforcement 0-,,/'0;' =96/1600 

M: .i~ b (0.403 )( O. s,,) ~: = o.~38 4m 
. z b I, 

; h = 6.5 cm will be provided 
'.J', 

o.~;e. = 3.2.5 w..%, 
A. G ')( O. 0,'6 

.1" 

c ~. Ultimate capacity of the obtained section 
,",-; . 

. m.= {C;.,SY (o~ooS'O)(24oo) (A _ O.OO~XIs") = 0.48 s +...,/~ 
Z. 

WI:: O.M;~ 11x. 

d- LOad factor : l.+. == O.OG.f () ':or 1.4G 
0.0411' 

. 3~8-CAPAOiTYCOMPAR:tSONS 

~roblcm ,: Consider a reinforced, concrete slab ,fixed on 

all four edges (B":'160 ooncrete,ST-I steel),4.00 m by 4 .. 00 m,lO.O om 

thiclc and Isotropioally reinforced with 4.00 cm2 of steel per unit 

width.'J1hat is the maximum load that this slab oan carry? 

(a) .According the yield-line theo~y 

(b) Accor~ing the TKICBA §artnamesi 

(c) According' the A,CIReiniorced Building. Code 

(d) According the French Reinforoed,con.Building Code 

Peroentage of steel 

Balance percentage 

= 

= 

p = 

Pb= 

4.Ob :.0.0040 
AD" .{01) 

O.4g~ 
2.400' 

= 0.0181 > 0.0040 

2ailUre will occur ,by' the yielding. of the. reinforcement. 
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···3.8.1 .-~e) ultimate ,moment that thiS. section cnn-take is: 
. ._ YtI ~·(8.5l· (0.0040) (2.400) (A- 0.004:.')1: {~ ) = b:{ 4 ~ III 1if1 

The. yieldmoruent of a squ.are plate with isotropic reinfqxoe-
.... : 

. ,. 

~,' ; .~ 

,Stll)stiiutlng ,.~ . <'0:14·: 

-48 

c,) (4;00)2. 

48 

Introdnoinga. lOad factor of 1.5 

4 :: J3~O It,,/ 1 
.. lIow 11 ~ 

1 :: :La :U. ~ / t.}-

3.8. 2 ~ . TKICBA ~art. . OJ; fa;. = 60/1400 

M· - fe'l<.h - A.DD~S.f;_ 4'4 +.e"", 414 l'tI;' 
. - ~ - • /0 .811 - ,. ew. :: "':oN ~ . 

. Therrioment coefficient given by Pucher for this case 
.. o(x = oly = O.OI:('J 4 

is: 

. The 

... . ~ ~ 

'M~ 4-14 = 0.011'14,1)( ~ O·(}fi'l4 (4.00) ~ 

<'. '. 
~ : A 440 k$ f,,.,. 1 

3;8.3 - ACI Code ~ /ere.. 
M-=. ·4.oo)C8.~-:: .40.8 ,f-c:u,;. 

= 70/1400 

:: 40s ~ m/ A01 
O.8!3 e.-

moment·coeffioient given by ACI code is: ~ ~ ~.02~ 

Mz 408 -; 0.025 (4-.ol 1. 
1 :: ~ ,,~o k$ /..,1-

3.8.4-·F:renoh Code ~ faa = 96/~600 

JA-:. (4.ao) (~.6) (o.8f~ B.~) ::. 41.4.j.W{/w£ ." A14 ltg.~/,," 

The· moment ·coeff icien t given by the code is: d.::. e:>.O ~ I g 

'. ,,', 

." ," 

M'=-444 <: 0.0318 (4.0)1 ~ 

~ -=. '133 ~~/~L 

__ ------~.~·~·~~·~,~~,'-~-~-.---~--.-a~-__ . __________ ~ ________ --__ --____ ----------J 
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SECTioN 4 

. ··4.i' Th.e're.sults obtained from the previous. section, 
:.' 

sUImnarized:in.:'rable : I ,vall 'serve to derive some conclusions about 

.... tlicf"moment oo~ffiCi~nts proposed by different codes and the load 
. . 

and safety faqto~a fntroduced by the codes. 

!i:h €! .' i~OrmD.tion gathered in the preceding section 

enables one,tQ'~r~wthe 'follo\ving curves : 

.;.(a).:.Momentcoefficients given by codes vs. l~ / lyJ 

'.... '(b}>coefficients Of the' ultimate' moments' that oan be 

takeri~byt~e' a:a'Signea: sections; vs.,lx I ly' ' 

.; . (d) Coefficients given by the yield-line theory vs.lx!l 

, . It may be . noticed that the curves shoWing moment' 00-

efficieht~ git~nby.,codes vs lr'ly are all almost' parallel, to the 

ourve obtaine,dbyelastic analysis.This fact demonstrates that .the 

deterIilina~ion. of' t~e;values of the moment coefficients is guided 
'. ";., 

by' the elastioana:lys'is of plates.One thing to notioe in this res-
, . 

'" ' ", '. , 

. pect .i's1;]:l.atall ::'curves ,except one, lie above the curve representing 
,.:.,,' 

,'the elastics·olutionin·the case of interior ,fixed slabs,wher'eas 
, :."'.' ':. ' ' . ' . 

they all· lie below the curve of elastio solution in' the cal;le of fre 
. .' . ,', . , 

E,llY sUPJ.:>~rteO:s~.abs"TliiSfact may be explnined as follows: the re- ! 
ductton'of'tbeDloment, coeffioients is proposed by Westergaard, and 

::isg:i:e~telY ba:sed on a similarity of flat and two-way slabs.~ the 
, i ' " ' , ~, 

,~a:se'of interior L31a?S this .similari ty alre~dy dOUbtful~ becomes 
:-: , 

"siiiri more. doubtful, sines: the supporting' b~ams,pouredmonolithtcal';" 

, J...Yw~th :.the slab r~strainflat-ijlab Bction; the ,bebav~our ofSiniply 
"f~"'" " 

. ~',' ·~supp~rt~d's,Uil:>13.rapproaChesmo,rethe·flat-slab action due to. the 
" • " "; , " ' • ' <, ,~ • " '. - ' 

""'.' ~:~bsen"ceof ,the:t()r~ionalr:lgidi·ty oftha s~pporting members,.This 
'J '. ",- .. ", 

" . 

. ~----~~.-.~.------~'.~--~.~-,----~------------------------------~------------



" 

" 

. . ) " at II,' of {r'M . 
...... , Ebs ie.. ' -:front " d )( , 

r . d'\ai'lsi{,-.. u. -¥last~r~.larcJ 1>UG+le~ V 

~:3 0.6 O.OB~B O·O=fB2. 0.0812=1 
"·-&·5· 

.~ \1\ 0:8 0.0'2':{· O.OS)'t 0.05511 :7' Go . 
~;:s 
0.1/'1 
::i: A.o 0.04.42 0.0334- 0.03'4" iii 

' .. 

oJ \II 
0." O.03s.i . ' ,0.0;06 0.03'3"2 

o ' 
-- to 0.8 0.032'1 0.0258; 0/< O.02'tQ 

L&t ~ 
a-; \1'1 
:z ~.o 0.021; 0.0208 . O.OI'Hf --

TA BLE- I 

T,lLlrBA ~d,.f, AC.I CODE 
"d oi. 01 .0/. 

f~'" ,>,,'QIJ Af+et- del1t" 01.. ~\"o", '1iolel Afhrdtl;~., 
Lil\l! ' LinlZ. 

0.\1 "0 ,0.1545' O.OS~ 0.041" o.l,n 

0.0G.60 0·102.0 0.0(;4 O,O~30 0.1180 
. 

0.0411 0.0'10 O.OSo 0.0260 0.0'42 

0.0382- O.0'?'1 0.04':/ 0.04-02 0;0880 .. 

O.OI~'\ O.O41~ 0.03(, 0.02(,8 0.0'111 

0.0125' O.O3~!) O.02S' 0.01':18 0.04'15 

'ta.c.NC~ Cope' 
ol. 01 

ot. ~ro~ '1ltlJ ~ft4r dl1lsl~n lin a.. 

0.084'1 0·10';4 O.I2.~S 

O.O"S 0.0"8 o.otf1S' 

O.042~ O.O41~ O.OGIO 

0.0'3' 0.082.5 0.08S'I 

0.04" O.O+S8 D.D"!> 

O.O~lt O.O')::{+ 0.04'12 

) 
:0. 
o 
CD 
rn 
:0 
-l 

C"I, 
OJ ~ -I 
g::;; :::c 
~ ~ m 
,~ Gl (J1 
-l :0 _ 

~ ~ (J1 
OlC 
Cl> 
r- -l 

rn 
VI 
C"I 
:J: 
o 
o 
r-

~. 
Gl 
rn 

01 
CH 





I 

~ :' tt' te. 

.b:: ft., 
" • : ':-!iltt 

·+t·l-I+ 

':i--

n.: . 

• _I 

1-1+1 

'c, ." 

.1 

I 
mm 

rI 

~ 

'. 
.; 

l1-i 

tf:.;· 

: ,I 

';i:itit . 

+HI 

• 'itt' 

:tl 

+H 

; " 

.. 

""tn, ": ,II 

':11J I~i.::i 
'::r' ,:,' 

d·; , 

,': i'~!If:$H, ',' ,r· 

H 

' r~ 
.Il-

. i t 

j 

,I 

n 
.r. 

n:j . 
,:;~ 

FFnH Ii' li:l ' 

FtFI : 



It; 

I 

= 

·If 

If 

. ~' 

" ! 

. ',11.1:: 

I 

'tU 

ill ttlttl 
. if . 

.±:b 

!Hrm 

. :nutr.l 

.,. 
j., 

. ".' I.:t: 

:ID [if.'. 

:t:~ 

tI ; [llr. 
.• trt;i.i .. [ffi 

imlt :.' 
. ri·. .: 

iUt- . 
L;r': 'u 
I:,..,· . [) .. 
E:':l H':II·. ,.".... . ,-. . , ... 

ltJ:!:t 

I' 

[i:\ . : tf 

Fi 

Ii 

Ii 
I! 

.. Ii 
. ..!} 

. i) Ii 

'. fJ .' 

:;1- . 

:£: 51; 
I.~.trl 

itl:.Hi 
... [2 



}l 

• 
B' 

-l~, +HH~.~ ~ 

Ii J+tHti 

!+I:l 

- rI', : •. 
-. -, ,-

, " . U" . 

I 
.; i' 

,'. ;' 

H. 

" :. 

I 
.;oHm 

.,1 

• I 

Hi 

'. 1m 

;~ ._-

it: 

_;c; "itt E. 
; i;': ill 'il _ 

fH:ffil ' 

m 

s; .-

, . '-Im n 
11 It :1+:; 17.!: :iff Ef - ,,' ._ I ;-

- -h ULUJO _:tr: b:i i:i 

I 
i 

Hf!lH 

IH I, 

lEi 

1sT 
I;; 
:F: 
. r~ 

~ m~j 

~ -] 
. rF~~~ 
110 

. If!;::: 
I! ~;:, 

'3 

It "rtf 
mffffirtf''!: tHffiHrtt-Hti :;:;'.Il;t~r2l::' 

~ 

~d:~:i~ 

k' - 11:;:T 
I-r,_: 



• 

"'I ' . ' 

.,., 

II , :' 

. ; , • 
• 

. ,:p '. 
, ,'ll'IE . 

. [t' Efi. i~· , 

, ·',:t 
. i.'·;· ,J:!: 

~ . '!kk :'fi 
·h, 
" 

,i_l.: . .!II. :" 

or 
, il" 

. 'Ii 
,tl 
i'~11 

'7' . 

T::i 
. iF;; 

ti 
,: 411: 

-;;; 

. Ii 

1: 
~ 

',r 
: ;;" 

·'.c t 

;i= 
'~r~i~'" 
" ±~:r 

. ': . r.i;,: 
, :l:,: 

+1: .:!:, 11.[ 
i+ . ~r:~F ~ 

, " 

" " 't~1 :, 
. ,"~n '!~~ 

:t,~ ;i: 

ttt. 
" li:l;:1 

:' .1' ii}:+ 
'\:j2 



• 
'Hf~h 

,: r' 

'. '. .' " 

:i 

i," ~ ,,4I-~, 

._. 



" . 

THESIS· 
ROI?ERT COLLEGE GRADUATE SCHOOL 

r 
, ,. BEBEK • ISTANBUL 

PAGE ~4 

'9.iff~renbeinaCtl0n' of, the tv/o types of slabs explains why it has 
.-~. , ,". 

"be.enp()~sibie :t~'red'!l<?e'tha moment ooeffioients for simply suppor­

ted slabsand.no't'~or the four-edges -fixed sla.bs. 
. .~. 

Tn ''the 'fOllOWing parts of the section the design ooef­

ficients giVt:Ii.'-bY the' three codes will be studied~For thispu'rpose 

it will be, assumed· that the momentsco,mputed by the yield-line. the­

ory '!?-Xethe:reai,~e~es'sary: moment-carrying oapacities of the, deSign 

ad slabs .There is, good reason in this assumptionsinoe it -has been 
. . - . . 

proved: exp~rimentii;11y that the ultimate loads predioted by the yiel 

line theory are on the average 80 to90peroent of those observed 

in te~ts 1~ 
, , ' 

The~,lo_ad:' fa:otors introduced by the oodes wereoalcu-

·lated:in the::pret-i6,usseotion.The safety factors, introduoed by the 
.'. ,. 

, "Use--of~llowabie"st~~sses of the codes will be calculated by di-

':'Vi¥blg':th~',·uitimata',moment oarryingcapacit ias of the desinged sec-
, , .. ', . < ,!":. . ,., .~( -'::"':',' " . . 

ttonsby' t.he"desig~_'moments speoified by the codes • 
. . ~ . . . .. . . 

, ','" ~. .' ;. , 

;l~>,R.~fEp:~jloe'to Table I will show that the ooefficients 

g~Venb~Pil;~~~;~'~~~lW';YS . lower thanthe ones given by . elaStio 

:aiialys,is~'Thiik~a~~~t'fon ·is.'mad~possible '. by taking into account 
:..< .>:::::'.,/",. "-.;;~:~::'.;" .. 2· 
the torSional'stiffness of ,the slab ..iThe amount of this reduction 

.. ' I . .~ .,.. .";, • .:. ;,.' ',_.' .• :':", ) 

i~','no{:~s'~':i~~~~;#i"±eali~Y ,hs i~noticed in Table I ,andOurves 

'1,-' 2be:caus~;:;·t1.~i./~al~~Bgive~ as the 'result ~f. 'elastic analYSiS 
'-':,:.,: '.',' .•.. !,:;';;;,::>~,',"':'''';,': , .... :" ':, , ,'.'. ,.' ,,' . 

,,are,.oompuy'ed':;:foi',j(:.:;,q .. ~ whiclf',is ·.q~:te higher -than, the real 

....... .;,?b~s;o~ .~!r~~i~;¥:~:·~Clno~~ te i which is about 0 .12; Since a decrease 
:" .. --.';" ", 

~.'l.E'.HogneSl~ad',;':'·!<'].qc~ oi t., " pp. 652. . 
.' , 2',. Beton 'K.aleii!d.er.:\'pp~2d4;W.E~st und Sohn-: Berlin 1963 

", ,:'" . ',-, .. .. " ',: .. ~: . 
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,in v' means a decrease in the moment,the ooefficients given by 

the Q,J..astio solp.tionwould' be so'mewhat lower and thus the reduotion 

, ',futroduoed .b'y PUCllEtr wOul.lJ 'be smaller. 
>, ~' • • 

".j, "- ", ,(1) .:~eierenoe to curves land:5, 2, and 6 indioates the 

'differelloesbetweerithe' 'ultimate "capaoi ties of' the sla be" des igried 

by the·,~urkl~ . .oode 'and:the corresponding design moments.These, dif- : 

,ferences.,are,d.ue,to the factor of safety introduced by the . Code. 
::-;.:.,' .. ",' 

:Thenum~J:,fcalvallle for the factor of' safety will be obtaine'dby 

'. ,diV~,~~i::\~h~rUltimat'~'capacity of the obtained sect iori by the de­

, '. s-i~,:~~;;~~:~~heload factors were already oaloulated in" the , pre~ 
•• " ,", '<."' ""\:;':',: ::_-: .. ~. ',"" '.... I ._ 

'(Jedt*k~~,(;j!iori..The following table 'gives a summary of thel,oad and 
'. ,,',: -: .... 

safety~ .. f,~(;rtorsi'esu1ting from the use of the;, Puoher coefficien~s 
~: ~ . 

" and,TIci:Cl3A :§E1±t. 
" . - " .: '. .; ;~~'. -"; '. " '. ' 

•.• '1. ':,'. '';; 

~ ".' 1 

Simply:", 

SUPP9rted' 

slabs' 

Interior 

slabs 

1 .... /1 __ ' 
,"''' -y; 

0.6 

, 'l~O 

,'0,6 

0.8 

1.0 

TABLE ~ II 
L~F • -
1.32" 

1.57 

1,65" 

1.67 

2.46 

3.00 

4.2.2. The AOI Code 
.·,i 

F.Sa " 

0.1545/0.08127=1.90 ' 

0.1020/0.0551~1~85 

0.0690/0.0 3646~1.' 89 

0.0637/0.03362=1.89, 

0.0493/0.02583=1.91 

0.0375/0.01794=2.09 

'(a) The'moment coeffioients given by the ACI Cpde 
I 

lie betv/eenpuCh~r:'ooeffioients and the ones given by the French '. . .' . . . 

Cod~iIl the~·,ca.seof, interior slabs.For Simply supported slabs the 
, , 

ourvaof ACIobeffioients is the only one that lies (partially) 
. ", .:' .... 

abovethe.'el~~tios61ution ourve.It is Jalown that ,the AdI ooeffi-
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',cient~ a:i:ei~piredby westargallrd's coefficients,but as a look 

.,' ,;on;#curves~"-l, tlIld~:W~uld ,show, they 'are, qru. te different from each ot 

',' ,,'<·.he.r',th.q'Aet.~~~~S.bein.g higher in, the . ~ost probable ranges of 

".' " ~x/l;.T~i~::d~f'fc~#e:~~e is:lal"gely' due to the wish of introducing a 

,,':eit~:t.,fac:li~~';,~:e;,;~.iif~tY·bYinCrea'Sing, the, value of the' design'moment 

" ". <:::}~::)~h~':;:AOi"'C~driallOW~th& reduction of-tho steel area 
: "-. :.. .. ,; .. :., -,-.. . 

"', :" 

'i,n the';co~umn::~~~~~in 'the ratio of 2/3, as compared to the steel 
, - ,.,- <.' . :~> .~~"<:': ~:-{~.:/::::,.,> " . 

~area in:,the·'mJdd:l~strip.Thisreduction would increase the necesSa-
. ,-.' . '". ' .. ', ."'.. "'. . 

" ry m()ment':c'a:p~~ri~Y"';~eteimined from the yield-line the'ory.To accoun 

.. ,'.' ':for;this~~iifi~~~:Ji~~'::::loaafactor provided by the ACICodc Wi'11 be ' 

',' re:duce~ i~· th~':~:t~i'~~y rat10 of 5/S.The factor of safety i,s ca1-, 

. ,o,ul~t~~a~f~i,t~'i~~tO~B case • . 

"::"':"<:~:"," 'TABLE' III 

, ' ,'L .• F.' , F.S. ,I 
:',Si.~~1;{~ 

, ::"":,s'~ppqr~~.d',·:,~l~b~.):' <o~a ' 
:~,;"'!:'::.' , .. >"': '" ~'. ~",.,: 

-: .:.:. ~. , 

. ~ . .'. ' : -. . .-
.. ':, ,': 

:,..' 

O~8' 

1.0 

p.93 'x 5/6=3.28 

, 3.58':x'5/6=2.99 

3.'1& 'X 5/6=3-.14 

,,2;19.x 5/6:::1.83 
, ' 

, , 

2.53.x 5/6~2.1I' 

,2i.'78,x 5/6:::2.32 

'.';,.r-

:.::'4 ."2~3";,,The ,French Code 
":C,"":_" '. •... 

. , ... 

0.1633/0.083=1.97,' 
'. ," -. 

0.1180/0.0.64=1.,85·' . 

O~0942/O.050i::l.88 

o • o 880/Q .OL170=1.87· . 

6 .0679/0 .03~O=1. 88 " 

0.0495/0.0250:::1.97' 

, ':,:~';(a)'~re~curv:es giving the moment ooefficients of the 

,French, c~de·'.ai.e "~learIY parallel to the curves r,epresentingthe, 

. va1ues:Obta~n~dby :elastic solut ion. In the . case 'of interiob slabs 

"."th~ ':coefil~ients of the ,'oode are very much above the, v~1ues:glven 
.",' . . 

'by':elastic': '~61utio~,'l~he,17eaS in the case or' simply supported slabs 

I 
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th~y 'are . ,81igntlY'.b~lo\'l~he elasticsolution.This fact reflects the 

,S;'lIDe wayof-th1n..1(;ingas -Westergaard, that is a reduction . is made 

. ,on the coe:ffi91~nts:' :of the panels which approximate flat slabs in 

theirbehaviour.Afirst factoIo! safety is again introduced ,as ',.... ..-.., .... : ... ' ....... . 

in the,ca.se of the AnI'Oode ,for interior panels. 

(b)The.lond and safety factors are calculated as' it 

was ,done for TKICBA ~a;rt. 
. I 

~A.BLE IV, ' 

'ilxL 1 - . y- L.F. F.S. 

Simply 0.6 1.17 0.1235/0.0849=1.46 

supported 0.8 1.41 0.,0875/0.0615=1 .. 42 

slabS 1.0 . 1 • .46 0.0610/0.0423=1~44 .' 

Intorior . 0'.6 1.08 0.0889/0.0636=1.40 

slabs 0.8 1.36 '0.0663/0. 0461=1 .. £1~ 

1.0 1.71 0.0472/0.0317=1. ·!9 

Curves N° 7 and 8 repr,esent lOad e.nd safety factors 

va.Ix/ly.The curves 9 to 12 shOW the percentages of steel re-
, . 

'qUired by different methods of deSign ,for different side ratios 

and support ronditions. 
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The statements in this Seotion are based on the compu­

tations of :Seotlon 3, and it is well understood that they pertain 

only to the ~/opartioular support conditions that were ,cons~dered. 

The load factors and safety factors provided by the 

Codes will be discussed first. 

Reference to Tables II,l!I and IV and Curves 7 and 8 

will show that the factors of safety applied' by the three Codes 

remain as constants.The average values being 1.92 for the Turkish' 

Code,l.90for theACI Code andl.44 for the French Code~The large 

difference between the safety factor of the French Code and the 

two others arises,from'the fact. that the allowable stresses of the 

French .code. are based on caraftl.l consideration of the mechanical 

properties 'of the avnilable materials the place where they are used 

Theaveruga value. 1.44 applies, therefore,only to the case of B-160 

concrete and ST-I stee,l used for the construction offlexurn1 mem-
1 ' . 

bers,t~is value would easily ohange for other constructional mater 

ials and types of members.The sifety factors of the ACI and Turkish 

Codes are arbitrary numbers by which the ultimate strengths of "the 

available materials are divided in order to obtain the allowable 

stresses, ta,eir'numerical values will remain constant wi th different· 

materials and for different type's of structural elements. 
I 

The lOad f actors were computed on the bas~s of the 

moments obtained by the application of the yield-line theorY"these 

1. See Reference N0 2 on page 33 
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moments being accepted as tb§,.real' necessary moment capacities of 

the section in hand. If the requirements of the Codes are strictly 

renlised in a structure ,then tooresul ting load factors will be 

,~~~~~.:,shown on Curves 7' und 8.But,ss one m~ easily. real,iae, the 

. moments obtained by the u.se. of' the yield-line .: the ory depend largely 

on'the amount of reinforcement uSed at the suppor'ts,anda designer 

may 'provide larga lOnd, factors - in cases of uncertainty .aba.ut the 

'live loads - by'increasing the amount of reinforcement at tho sup-

ports.(·Ari, increase of the. steel area in the support· menns anincran', 

of.i,and consequently a decrease of m in the yield-linetheory).The 
, .. " ' ~ . . , 

best example to this statement is given by the ACI Code in .the case 

of simply supported slabs; this code provides a large load factor, 

compared to 'the ones of ,the Turkish and French Codes, by requiring 
'. 

the use'of negative reinforcement near the simple supports~ 

Now it rema. ins to answer the q.uest ion "~{hichmethod 

,to adopt for slab design? It 

It haS been proved experimentally that the ultimate 

, loads predlcte d by the yield'-line theory are on the ayerage' 80· to 

90 pe.rcent of those observed in tests.There is good reasontherefo 

in computing the neCQssary mome~ carrying capacities by this~ the-
.' .-

ory anddesigntgg accordingly by the application of a suitable 

load factor. The rragni tude of the load factor wiil be mainly deter­

mined by the degree of with which the designer can predict the amoli': 

nts of live loads.The only disadvantage of the yield-line theory 

. would b,e the fact that it is the application of ·the "Upper bound 

theorem" of plasticity and all the. possible mechanisms should be 

investigated for the determinat ion of the ult irn.9.te load, since omis­

sions could give serious results. 
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Although it seems as the best method of design, the yi­

eld-line theory is not yet accepted as a design method by the Codes 

we have considered.The best,nlegal" method of design shoald then be 

dete.rmined,This determination is related to two main requirements: 

. (a) The live loads being exactly ImoVln it.'.is wante,d that the slab 

be only as strong as to talce these loads; (b)High Ultimate strength 

is desired. In case (a) the ultimate strength of the slab is not 

.' important, therefore the required steel are a should be the variable 

·to be considered, the best solution in this case would be the one 

which is satisf ied with the least amount of steel for a given load 

q. Curves 11 and 12 show that the Turkish and the French Codes give 

the best results for the cases of interior and Simply supported 

'slabs respectively.For case (b),where the ultimate capacity of the 

slab is the important variable, Curves 5 and 6 show that it would 

be advisable to apply the ACI Code. 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL PAGE 

BEBEK • ISTANBUL 

1-S.Timoshenko and S.Woinowsky-Krieger "Theory of plates and·shells" 
. . . McGraYf-Hill 1959 

2-:-R.Hognestad ,"Yield-line theory for the ultimate f·lexural strengt 
of reinforoed concrete slabs" Proc.ACI VOlo49,1955 
Ppj637-656 .' .. 

3':"A:."J • Ashdown "Design of slabs by the yield-line method." Concrete 
and construotion~leng.g June 1960pp. 221-225, July 

. 1960 pp.27l~278. . ',',' 
4-H.Mo Westergaard "Formulas fpr .the design of rectangular floor . 

. slabs and the supporting girders"Proc.ACI Vol.22 
1926 pp.26-43. . 

4-H.M.Westergaard and W'.A.Slnter"Moments and stresses in slabs" 
. Proc.ACI VOl.l?, 1921pp.415-538 

5~A.Pucher . "Lahrbuch des stahlbetonbaues" Wien,1949 
. 6-F .D~schinger (Tra:q.s.F • Kocatal1kl.n) "Betonro.:me Inllsat" ArJ.~ 1st, 1959 
7-B. Loser (Trans.Y. Berdan) ItBeton~rme Hesap, f~le todlar1 "Tek. uni. 

Mat. lst. 1955 '. 
" - . . 

,§.':C.P.Sless and N.M~New~rk "Moments in two-way concrete floor.slabs 
.. Univ.of Illinois Bull.N°43 Feb.1950: . 

. 9';"N~M.Newm·ark "A distribution procedure for the analysis of slabs 
continuous over flexible beams" Univ.of Illinois 

. ..Bulletin N° 84 Jtme 1938 . I 

lO-L.O.Urquhart, C.lhO 'Rourke) G. Winter "Design Of concretestructures1 
. . '.' '. : ". '.' McGraw-Hill ,1958. . . 

11-::F'.B.seely,J.O.Smith "Advanced mechanics' of materials" John Wiley 
and Sons , 1963. 

12- flBet'on KalenderltErnst and Sohn ,1963 
13:"" ".TUrlciyeKopru. va inl}aat Cemiyeti Betonarme ~artnamesi t1 1962 

.14- "Building code requirements for reinforced cpncreten~CI 318-63 : 
1963 . 

15~"R~gles ponr 1ecalcu1 et l'execution des constructions en 
beton .srme" Documentation technique du batimentet des tra­
'raux pUblics. ,1961 


	Tez3900001
	Tez3900002
	Tez3900003
	Tez3900004
	Tez3900005
	Tez3900006
	Tez3900007
	Tez3900008
	Tez3900009
	Tez3900010
	Tez3900011
	Tez3900012
	Tez3900013
	Tez3900014
	Tez3900015
	Tez3900016
	Tez3900017
	Tez3900018
	Tez3900019
	Tez3900020
	Tez3900021
	Tez3900022
	Tez3900023
	Tez3900024
	Tez3900025
	Tez3900026
	Tez3900027
	Tez3900028
	Tez3900029
	Tez3900030
	Tez3900031
	Tez3900032
	Tez3900033
	Tez3900034
	Tez3900035
	Tez3900036
	Tez3900037
	Tez3900038
	Tez3900039
	Tez3900040
	Tez3900041
	Tez3900042
	Tez3900043
	Tez3900044
	Tez3900045
	Tez3900046
	Tez3900047
	Tez3900048
	Tez3900049
	Tez3900050
	Tez3900051
	Tez3900052
	Tez3900053
	Tez3900054
	Tez3900055
	Tez3900056
	Tez3900057
	Tez3900058
	Tez3900059
	Tez3900060
	Tez3900061
	Tez3900062
	Tez3900063
	Tez3900064
	Tez3900065
	Tez3900066
	Tez3900067
	Tez3900068
	Tez3900069
	Tez3900070
	Tez3900071
	Tez3900072
	Tez3900073
	Tez3900074
	Tez3900075
	Tez3900076



