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The purpose of this work is to compare the Turilsh Ame=
t:':|L':xcan and French Relnforced Concrete Bulldxng Codes thh rcSpect .
- $0. slab deslgn Thls compar&son w111 involve the load and safety fac-

f{tors introduced by the codes the approach of the Codes tc the prob-‘

:i; 1em.Sinoe all of the three Co@es to be compared are guided by the

‘}7”Elastlc analysis ‘of plates" a mpdern method “the yield—llne theoryf
. based °n "ul*hmate strength". wi.ll also be presented as a criterion. v |
| o he work is d1v1ded into 5 Sections.

‘Section I includes the o thecrles,l.a;>the'Elastic
'ana1y51s of Plﬁtes and the Yield-llne theory.

' In Section 2 the methods adopted by the three Codes
are explained. | | |
Sectlon 3 1ncludes numerical computatlons t0 serve
~for thc pr0poscd comparisons.The steps followed in Sectlon 3Aare;c

(a)The mcment coefficients are obtalned from tables accepted by Codz
(b)MOmcnt coefficlents are calculated through the y1eld~11ne method
by the procedure explained at the bablnnlng of Sect10n3 , (c)The slab
‘are designed by the wcrklng stresses of the three Codes, (d)Ultlmatc
“carrying capacities of the  obtained sections are computcd,(e)The
load‘factors appliedcby the Codes are'calculatod by the-pfoccdure |
explalned in Part 3.2.2. d.\," B | | J '
. The results obtained in Section 3 are dlscusscd and

compared in . Sectlon 4.

“Seetion 5 includes the conclusions,
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“ftakes tne iorm of’

ThL HinS ozq sms

Lms&:‘zc n:zmrszs v }.’LATES

;;ourth degree partlal dlffercntlal Bquathul-
ZBW-+3W L4 j..(ﬂ'
oy Y T Byt D |
:;w;; suatloal defiect;ou of thu plate,

§7‘{”"a4 +

\V h(’ re

-ffq;é aistrlbuted loa 1d on the plaue

Cien= depun of the vl*ﬁe | |
,"E;% mcdulus of ulﬁSﬁlCl;J of thﬂ mate vial;
M’#'POLSSon g ratio,

5‘10 referred to “s the "flpyurql‘r1g1d1+y" of tﬁu plhte.i,
- The ba51c aS“qutlonS thgt are made for the derivation of
'”;Juq (1) aru th@ fOllOWln& | |
a—Thc platb are o? constant zedium thickness,
b= Deflectlons arc smnll compared to thickness,

|

| ”c~Stretch1nb of. tha ledle plane is oi ncgllgib¢0 1&pnrtance

d~Snaar aafarmatloa can be negl:cued.

he matarlal oi plao‘ 1s homOgenuous claSulc 1qoﬁr091a
'f—rleturai straxua vary linearly tgrQu5n tne'dbptn oﬁvpse- |

slab;aﬁﬁi‘bt |

ﬁhe prdblem of oendlng of lat»rally loaded plauL@ is *eauc d |

_~jto the 1ntegratlon of Lg,(l% since the momentn,ﬁx,my,dnd Mxy |

‘are glven by the expresqlon o ' , ‘ o ‘
' 2 Bw M ezbw bw)

N\x_, D ( 5 , . //\71~ - +\f ax ‘
1‘1 Vor th* derlvqt1on seec S,Timoshenko nnd 8.101n0“sky~kr1eger’

‘"Theory ‘of Plntes and hclls" Pp. 79-82 '
Me Graw HiWI 1959 ' ' N
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. AAxy—.D(ﬁ'W)*§3§7¥; (twisting monent )
| xnd th“ shearing forces Qx_and Q by
Q .__,D (%:v;,}.BW) . Q ____D (bw B\‘\/)

dy?
1 l 2~ B°URdaIX condltlons : Y

i #=Xk -The term "w" in Eq. (1) has to

A oS ' ' satlsfy the differont bOunder
. R .. . /4' ‘ .
///(3;f",, / b cOndltlons of dxfferent supporb
B A ‘
' // o ,;//’ - : types.de find it useful to glve

; here the moSt general support
types for rccﬁangular plates, d'
the boundary condltlon» to Wthh they give rise.

a—Bu11t~in edue At a built~1n edge the deflectlon of the

:Ahplqtﬂ is. uro,ana the sloPe of the tangent plane to the doflect@d
 7m1da1e surfaoe alon5 this Cdgu is also zero.
| Supposing the nlate shown above is simply supported along
o ‘tne edge x=b, we can writa: B‘ o
'(W) v = i (};— i::b = 0

- b-Sszlv—Supomted edge: The deflection of a uplate at o

31mvly—aupported Ldyo 1s zero Slmllarly 31nc ‘at such an edge the
plate is irec to rotate thc b,ndlng mOm“ntS are zero. If the edge

x=b ib 51uply-supportca we can write: .

- '(3W+vbw> |
| 1(w)x==b =0 y By , 0 .
o As %?M anidhes h;th"W" alonb the edge we bhoula have
TR v

2

“‘,  v%’ “»,, | .f:,cg_‘ >X—bj.; O‘
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c-rree Gdgﬁ If thc cd 1C x:h'is‘free than'the*boundary_-

-,a,oondltlons are shown to be

“fﬁi;,.st- 'Lp1ut1ons of the dszcrentlal equqtlop of platw

For deszgn purposes it is ncceSSqrv +to solve-Jq (1) an

?tffiaetermle the deflectlon 5uxfuce w of thp plate.The determlnatlon'
iof rﬁv‘enablus oh(ith calculate M iy etc.-e will prcsent here |

?-'the results of three solutions Of'Wthh the flrst repIOSOHuS a

b parvlcular 1oad1ng and the otner two are unlvers“lly pplloable’
7l* solut1ons The results presented her are QLerQd fox r“ctﬁngular
plates sxmply supgort d on four uldEb,OHG tan find the bolutlons

for other SupDOIu COﬂdlulOnb by dppl]lng Lne bowndary *1m1tatlod~

»wmuntloned above.

R s '-"‘:: :’/ : A . - ]TX . T-[
%’. & ¥rfﬁ%1”*¥~ ‘ a;iet : q—qocosi;— na—ﬁ?
/‘;57 ‘--'ff7i?f T representlng the pﬁrtlculur
biz” .,/‘/ AT he £
S R : loading shown in the figure.
‘ -;H_’_ ‘ w p/x —A\'}( {TI‘N / S - » ) : .
P, 1 . . ey . v . ) . .
S ?fiﬁ,ﬁqy</'_ ) f_u,'X ~ With this assumption and a simply
o Y (¥ S O R
/ / . ] Az L AR ) . .
oz i T supported plate we get:
B S e TRITEIS. S A : S
S J

1. Ibid  pp.83-8%
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Yy Ty
' n— sin —-

‘)1 7 a b
in HT[X sm _2_’2

In this form UGy ~B function of

are located as

X and y - is generalized in such
o ,/b o 8 way thaﬁ-it‘includes'any sort of
;i%f// o ; 'E”»';3fA loading applied to a rectangular
i;f ‘ftmmmm@?mgmmmmm> : “plate Supported on all four sides.
) £ —- — '

The coordinate axes
o shown in the figuro .

| Foi th;s geuerql case of loadlnb,and a reotnngular platc
“'Sl&ply supparted On(a‘i four bldcs the 1ntavratlon ot hq (1)

| '%ﬁglves the follow1n5 rcsultl

: -~ o9 & ' T
\ﬂ‘ lb >_—— E Tron . sin nilx sin My
nr a
TT {> Y Y ( -"+"17; 2

-Thls solutlon is known as "Navier solutlon"

: FIOmAtn@,GXpIeSSLOn,fOI W glven qbove one can ehvllj
- gerive. s . Lo o
o , e o on - o )
A/j é b .\n 2 'f‘-'lfm b/ R YH()( iy Wlll\,
}(,-—-"—"" 2 C”mﬁ. _\2..)?)!—-;\—"
: [ 2h 2 y ]
3 e 'r" n34 \n:4 . \w~ 4w ﬁ)k Py 2
| A ),‘: ‘ ‘ | .&-—C,fm v‘:-)g—- | {’n .(..\fn b\ , r . rl’{‘
‘ /SA - .S?;‘_kl . }: ﬂ ._\_,JL-M_H_-__Z S X g M b
e 2 L'\ \. -
' y : T? hed m:d4 e (N Z M= ) < b
e b

I Tvid - pp. 106-109
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c Wy = = 'z z B o A—— Cos-ﬂggifcosfigy
S AT n” a . b -
" The °°eff1°13nt qmn which appears in all the moment

fiuexpres510ns w1xl be determlnea by performmb thu fOLlowlng 1nueg-

 ,fiat1on. e L l4
o q n 3‘7

'The lO&QS qmy’ tnat we mostly encounter in pr»ctxce are

( _unlformly dlstributcd 1.e, Oy = P kg/m2 or p lh/sq £t..For this

partlcular case the 1ntegrqt10n above yields :
lep- where m qnd n are odd integers

ﬁmn ‘ﬂ’ mn

| lSubstltuting qmn' 1n the defleotlon and moment exprBSbions we get

' | the follomng resul’cs

AR - R | PR
‘6 8 b = Ouv SVt _"n;(x 51¥] Tm i
WZ - (, | ; ; ’
“ﬂ’ D / v ,"nlb_ -1'-11‘;1_‘&_.)2_
g nz1,35... m=435. d 13
L e e o
B n -4—\/m ) i~
Mo dopab Yy Y \ - sin ”Ei sin My
el — mr/ Lm0 2
DR [ i LA B L B ’
. o o< b 2.3 \
/\/\ ) IGPBb Z m’l—-—-—r\fi’l b/ <in wlix blYl f_\D
ST nlis. wie. Y “ b ' 8)1 : b

 @.-, The second genersal method of solution to be presented
e o ‘ - ' - . 1 -' o . oy - 3 .P
here is the one suggested by M.Lévy e pIQPObed to show the def -

. lection w as: ,
s ’W:Wl'*”tg

:where Wy is the defxectlon of a one de qutb and Wg is ﬁhe

I Comp. Tend. VOl 129 pp.u35«-539 1899 and
- Timoshenko aﬂd ”olnowsk ~-¥Krieger Op. 01t. PP. 116-115
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f ctor corre(etl*lg ;01" ’cvm f*xct that thQ plfa‘ce is supporteg on all

four S;Ldes.i, IRERRRIEE S 4 J , .

y #° The éxpressions for deflections are:

AT o o
wo- 8 iV o (x V)
YD, ’L(a/ 2\8)*"\:\/_1 K

Wi :EYnm”%[& o wher_e Yn is a function of y or;]_,;yf

o = 4 , o R L e :
‘ wl’ SJtlB.L.L s VW,’_: 3_.. and 41ls0 the boundary conditiong

‘at -the xzdb@s X-—O nx:i X=a. Tq expression vg ! ‘should cw;ci ntly batls—-

fy 'VA'WZ:'Q v‘.ﬁ lyivxo thx ceondition and all boundary 1imita_tions

e E il nit
il s ] bl v2+v@+anh alib T Y sinh 222
W i?'- !-a/)('\ i \+)ﬂ ! 4—“/[\3 13 2] 23 05}1 ny 2
N I DA B T b = . —_
= 21D L\34/; 2\,\(3 / A_i K !—55 n 17 2 (,Oﬁh r:;rgo S 3 cosh nllb Jl
21,35.. &3
To get bt and My we use
2 O
__D -E’W_\_O)v and M - =D ﬁ_lf_ i.e. we lev V=0
X St 7 - '.‘éyi‘
Then: : _
, _ ' Ty
2 . . nﬂ’( : "WL-&- VIWO . en“ 5”1&1 ny
'V\(O P }-(X\l 2i- 44&2  e !"‘ 22 "2 29 casfn_’_‘.@ —_ T?i 3
TLE}— af 1 'n3 L Z2cosh !}?Ti'? 3 - 2. cosh ﬁi}’
‘ o nzl3s. L - <4 at
0 R 11 ,
A A2 N - _ T
MY L Age M3 L‘m’ WLSIm 1Mo cosn ally _ MY il lly
A ? T’ cosh il [ 28 %4 s 3 @
' . L n=43 : . ERE L
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,The saries obtalned bj this method converge very rapidly
and the c0n°1derubion of n=1 only,seems SdtleaCuO*j for practical
purposes

To get the zoments M, and My for ‘other vhlues of v
we make use of the equations: ,

| ) = pelo) (°)
AN AT

= MX + U’B.y .
(\/) () .y (o)

AR .

- Where taa’suparburxpts 1nd10qte the V1luu of v considercd.’
1.1.4 = Coefflc a2nts ol bending mowents by use of the iheory
of olabtlcltv
ﬂesterga rd Flve the fol lowinb vtluab L0r sguare punels
TR AL
7 /ggi //ﬁ" R n*{j_o o025
// // L '// ,;,
r///} '
e ¥
|
1}
- 77'}7}]//
T Y0055 2k
K'/,(//

! !
IITIFIT //’

; ////7/ 177775 17457

”, 5 Lt 0,0,5; ‘i //
v 9 ¢ p v

. /o s w?:-%

; ' ‘ - ~ — -

1. H.E.jestergaard —"rormuiss for the design of 1bcfﬁnguihr fToor
? : v : - "slabs and the supporting girders® Proc.aCl
o  Vol.X{I1I,1926 pp.27-26




THESIS : S
ROBERT COLLEGE GRADUATE SCHOOL | . paGE 8
T BEBEK,ISTANBUL ‘ ’

< Tha CO&fPlulGﬂtS 51vbn in. Wlé. 1 were derived on

~ the assumptlon that tnc olabs are of homogencouq,lsotr091c,

x*‘,concentratlon of cracklng A "yield-line is analogous to the v"yield

7:7‘of a slab and thosc glVlnb tcnszon in the t0p of the slab.

,clastlc materxal hltﬂ pOlbeP'S rabwo equal to zaro. Each Qdue
)

18 simgly supported on four sides but the blab is continuous. ‘

over the 1ntc110r “oxas.Jach shadecd: Daﬁcl carries a wnifors

1
i
o - 1

1;2. THE YiELD-LINh THEORY

é:g;;,- The second theory on slabs will be the "Yield
llne theory" develoPed mostly by K.W. Johansen.

The y1sld—11ne theory is concerned W1th the ultlmate
load carryxng capacity of relnforced concrete slabs,and it will
’very probably be accepted as a design method by the codes of all
,countries 11: lS already largely practised in the Scandmavian
'countrles.f :

| ‘The “ylald—llne" is the dlrectlon in which the curva-x

ture of a slab w;ll be concentrated it is also identlfled by the
hlnge" er plqstlc hlnge" used in inelastic analyses of beams and
:frames,Tha terms positlve and negative yield—llnes are often used

,fto dlstingulsh between»yleld-llnes g1v1ng tension ‘in the bottom

SR 1o ? 2 - One-way slabs

- a— Simple spnn : As a flrst illustrat1on the behav1our

“of a. simply supportec one—way slab with 0.5 percent reinforcement
wlll bc con91dered Fallure of. such & structure w111 be initiated
: by yleldrng of.the ten31on reinforcement at mldsPan,and large

dvflectlons wlll dcvelop before ‘the ultlmate load is reached by

el
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| | r 4 o
prid bbby

: | T A v_ — B
1 _ pUltimife load Sty Héfdzaing : ] T
$ : ) D ; . : H ¢ J
| T ol 3 s o
R R g £ i
i Nt e T UVUNEY | TR St i
Ao "Y\szg o m—h P (4-;:") i 1 ' ‘,
R IR o , '
£ ERT S ‘ .
o L L e ,
/ ol E-E %

i Cur?ﬁyrz : L ' L‘

- Pig.8 - MOment—Curvature o
o relatlon. Fig.3-Restrained one-way slab

at midsPan.,'

|
l

crushlng of the concrete»_.A yield-line will form across the slab
The moment per unit width at the instant of failure

by yielding of steel is given by the following expression 2:
m=¥/0b =0l ~0.50) - (2)

where Moment over total width of slah

"

‘width of the -slab

I

oo B
"

effective depth

percentage of reinforcement

l

,J\ o
i

. yield strength of steel
_P(G'-y/ T ) |
. The flexurél'strength of a uwniformly lOadqd simple-

B
i

1. E HOgnestad "Yzeld line theory for the witimate. flexural strengtl
,yj -of reinforced concrete slabs“ Proc. ACI vol 49 1953

' pp. 638 -
Por the derlv tlon see Urqphart 0'Rourke,Winter "Design of conc—
2 a - rete struotures" Art 12-5 pp.445

MoGraw Hill 1958
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span slab should therefore ,be expressed for d351gn purposes as:

QL%/B = hgpoy( 1 - 0.5n )

jt'fWheréf ; _A A ‘qf unlform lomd per unlt area

I '~‘3pan. of slab

‘“

b-Restrained span: The one—way slqb con91dered above 1is

1}<'taken thls tlme to be restrained at the supports (Fig.3).lhis '
,boundary _co,nditlon requlres the formation of g mechanlsm for fail-
"ure".Thi;s' me‘ché’ni'ém .w:ill‘ be reached when a positive yield-line fo‘rms
at the _posit'ivé.‘mdment section and two negative yield-lines form
at the supports.We can write by. reference o Fig.3
| m{ + o= ax%/2 | ’
mé +m= q(L - x)z/‘2r
where X gix}es the position of the positive yield-line.

The solution of this system gives

qL oo LI

m - -
o 2(Vird e ) , IRV yt )
“where. iy = mi / m andt =‘ '2/
. o . '
' For simple spans m:L =m_ =0

o = therefore il=12=0 and

m = qL /8 at x=L/2.1f iy=ig=1 we obtain m=m = qI.e/ls while the i
| theory of elastlclty' for a fixed slab gives —qL2/12 and m-—qL /gi
If & i’lxed slab is ‘reinforced according to theory of elasticity

11-12_2 +then ‘che equatlon sbove also g:.ves m..q'L /2A and therefore
m= qL /12. |
| Thé equations derived above have been experimentally

| 1
verifled by von Kazmczy .

1.See reference N° 17 in E.Hognestad loc.cit.pp655
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1 Lg.3- Twoawav Slabs

. o We will first con31der slabs reinforced in two’ ortho-
”]gonal dlrections with such amounts of reinforcement as to give the
sqme yleld moment for any one of the two dlrectlons ThlS state of

“reinforcement’1s~called"1sotr0ple¥;1f such a slab is overloaded

>-f'y1elding will begln in regions of high moment and with increased

"’loads yleld—lines w1ll fozm and SPread into a "yield-line pattern"'

the slab w111 reach a stabe of neutral equllibrlum and Wlll have

B used all of 1ts load carrylng capacity whcn the yield-lines sprcad ,

{0 the slab Gdges.‘;i" o o

| | :; "Thevyleld~llnes dlvide +the slab into several parts
'and a heavy‘concentratlon of curVature takes place in the yield-
11nés s1nce tha plastlc ‘deformations are ‘much larger then the elqs—

tic ones.Near the ultlmate load 1t is reasonable to assume therefore

that the indlvidual slab parts are plane all deformatlons taking
place in thc yield-llnes . It then follows that the yield-lines

AL
(Y, //, 7 106 ETIILC I TP

Flg. 4 - Typlcal y1eld~11ne patterns

1. ylander H.vreportb in "Korsarmerade betongplattor" (Bull.s ‘
. Royal Inst.of Tech. piv.of Building and Structural gngineering,
" Stockholm,1950,pp. .140)the results of tests on 7 un1for@ly loade
slabs.These resultb show a concentration of curvabure in the

vield~lines.
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must be straight and aezormatlons of the slab may be cons1dered as

jrotations of the slab parts about axes in their supports.Furthermore

Ca yleld-llne between two slab parts must pass through the inter-
,_‘sectlon of axes of rotatlon of the two parts.Flg. 4 shows some typi-
o cal yleld-llne pqtterns for Varlous types of slabs An aX1s of ro-

tatlon must lle 1n a llne of support and must pass through- columns.,

In this manner the general nature of the possxble yleld—llne patterxr

'may be determlned.“l

To determlne the yield-line pattern correspondlng to
the ultlmaye load of a slab Hognestad makes use of equlllbrlum
condltions-for the individual slabdb parts.olnce the yield moments
are piineipél momehts twisting moments are zero in the yield—lines
and the moment m per unlt length of yield-line acts perpendlcular
to these lines.The total mOment is equal to m times the 1ength of
'V‘the-yleld—llne'and.ls represented by a vector in the direction
;of'the yieldé liﬁe.Thﬁ resulting moment for_an iﬁdividﬁal‘slab
part is then foundeby vector addition.

o ' Ae.an illustration to the method the case of a rec-
téngular elaﬁ Wiii be given.This_problem is fifeﬁ_solvedeby‘lnger-
slev 2. | | _
| | A‘rectancular slab‘sdﬁject to a wiform loading q
‘and‘relnfercud 1sotr0plcally in two directlons is considered
‘flxed on all four edges The moment at a £ ixed support depends

v'prlmarlly on the amount of negatine relnforcement as indicated by

the equqtlon.‘

. - loc.cit. 641
v:1 %bgggnestad SE 641-642

L
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tha‘(l-»OSn)
‘ . Different amounts of reinforcement may ‘be ‘provided at the:
| four edges so that ml”llm s m 2 _i o etc. in which m is the
positive yleld moment in the fleld.

» Wf - {-ﬁxed support

2,

__r_ a4 //I/A,"’///,/l LS LS S ST A A ////
[ ] d
: _g i f ‘ Yield-lines form as shown
- é I k, P in Fig.5 and the application
al ~~l ok o : ,
= € f 35 of the equilibrium conditions
Y 2 . ) ’ V ’ ‘ . -t
7w e / to each of the four parts
X /‘ ///// ’//r// f’///: 277443 ////r////// : ' o '
. m, o gives:
'Fig.6 - Rectangular slab
Part I -  ‘ma (1 + 1)) =qak¥/2 | |
SR e : ‘ | 2
,Part;II—' | 'mbj(l + ié) =qklk§/6 + qkskg/6-+ Q(bfkl"kg)kg/g

Part III-  ma (L1 4 i) —Qak3/6 | .
 Part IV - mb (14 1) =akk5/6 + qkg/6 + q(b-—kl-..s)kl/z
: fiem fhese‘four equations and ( ko+ k=2 )it is
‘,epossible teedeferﬁine m,kl,kz,ks,and kg as functions of a ,.bf,:
' and the foar values It is found that : |

m: = [\EW J o }, (3)

in which the xeduced side lengths " a " and  "b." are given by:
| 23 ' b = Zb

S Vit +W+L4_ | " Viti, Vg,

For‘a simply gupported slab i = O and a.= a, b= be

L .
vFor simply eupported square slab (a_b i=0),m=qa“/24.For a one-

| f way slab 1.e. b co we get. m = qar /8.
| Equation (3) is a general one A.J Ashdown has Simp-
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fhfmd it urbol.

(4+ LA)V ,?z_.z_ [L +5 24 V_jl |  )

l 2 4 --Dasigg methods groEosed by Hoggestg
' | The yleld-llne theory eliminates the necessxty of sol—
"fi ving Eq.(l) and smmplifles the analy31s of even very complex slabs.
"E. Hognestad gives two methods to be used in practlce when deslgn~

ﬁ,{ing slabs by the yleld—llne method. | | '

"%»"The problem in deslgn is generally to estlmate the
inecessary yleld momant m for a slab subaect to glven ultlmate
}‘;'loads and w1th given dlmen51ons and support conditions The correct
‘;;:value of m is a maximum value resulting from the correct yleld

o A

“:fpattern and satlsfylng the QQUQtlonS of equlllbrlum" .

' -Method of su039351ve approxxmatlon9°

- ' This method makes use of: the W1rtual work prlnciple
- Whlch states thﬂt for the slab as a Whole ,the work of the 1nternal
'} forces plus the work of the 10 ds must equal zero, the work of
) reactlons belng zero aﬁ they act along axes of rotatlon This prln—’
'clple is formulated 39.3; ~
E MO + Z[/qgo\xc\y =0

in which summatlon is made over the- entire slab,and 1ntegrdt10ﬁ

is made over the 1ndiv1dual slab parts. : |
In thla formula M represehts the resultants of the

‘moments in the yleldrllnes 6 the rotatlons q the 1oad and & the

1. A Je Ashdown “"De31gn of slabs by the yield-line method"Concrete
- and constructional eng.g June 1960 pp.221-°22

2. E. Hognestaa' loc.cit. pp.645
3. For’ the derlvation sce Tbid. pp.643-644;
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,'_"_diSpladements The yield moment m is caleulated by using the facts

'Lthat M 1s prOportlonal to g_,and that the oorrect yield pattcrn

- w111 glve the maximum El. .

In tho method oi’ puccessive approxmations a yield pat-

: .;,tern 1s assumed Whlch lS in accord wj,th the support conditions, and
- githe neoessary yleld moment m 18 computed from the v1rtual work
' _‘“équ&'thH Since :F.or th!a eorrect ylelcl pattern,all m values should
“'be equfal a check ‘on the orlginally assumed yield pattern may be |

o obtained by computmg m for every individual slab pul't from equi-

11br1um equatlons.li’ the m values thus computed differ con51derab-

By

" ."i'ly,the sepamte values w111 indicate how the pattern should be al-
“tered and the f).rst estlm‘zte of m from the wirtual work equation

will indicate haw much the pattern should be changed.

The method of successive approxmatlons w111 ‘oe 11-

e 1ustrated by the example of a f£loor slab Worked cut by m.Hognestad.

20

m-.

A/\ x«M-;\,x,\q; 'xZW’ /,\/), N R S R S

o
]
L Ky
. X
q="200 #/ﬁ,ary s \ 4/
| e L
. s / <
- ] ' rars W ‘lII'l[ reae ){\ E
?amzrn 2 2,50 #A( A ;g %
__i — —_— .-—.< ) [
: ‘ _ | T 7 g él
L S O O
?3’d‘arn4 ; R4 S =
‘ l « D A
F_L N

: ,7 /////‘//////,/,/, in///o//”/ ///////f ‘////////A

f“4 +' & e 40’ g

Flg. 6 -Analysis of floox slab

;The’ slab éhown in the figure is fixed or 'éontinnou.s

on three "edge's,av negative reinforcement equal to positive rein-
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}ij forcement belng ehosen which gives m = h'.The fourth edge is simply
supported m = O and an opening with free edges is prov1ded for a
staircase.The indicated'loads represent»serv1ce loads multlpled by
‘fpr0per load factors Thus ya uniform. 1oad a=200 psf,a.line load of
250 lb per ft from a partition wall and a 1ine load of 1000 1b per
ft from the stair case aro glven. |

) A yield pattern is assumed pattern Ne 1;the assumption
is gulded by the faot that yield: lines be tyween two slab parts mst
'vpass through the lntersect10n of the corresponding axes of rotation

'~that 13 the supports It 18 furthermore ¥mown that 51mp1y supported

"‘1or free edges as well as 0pen1ngs "attract" yleld—llnes while

_fixed edges_ﬁrepel" llnes 1o
Thg necessary yleld moment m is first computed for each
:; slab part separately by equilibrium ef momenxs about the supports.
S I?ar‘th-; 10(n+m) 200 x 10 X 62/6 4 250 X 3 43 /2 ‘ '" J
SRR 20m = 15470 or my = 674 lb £E/£6 o |
Part B 20(m+m) —200(6x72/6+10x’7 /2+4x5 %/6)+£50(6.57x4+3x5 . 5) S
_ " -mx5x4/5 S
» 40m. 72790-%m or mg = 1653 1b. o j
Part C- 5(m+m ) = 200 x 5 x 4%/6 4-1000 x 4%/2 mox 4 x4&/5
| L 10m.. 10670+3.2n 0T m=1568 1b o 1
:Pa;i"t ‘D- 16(m+0) 200(6 x 3 /6 4 10 X 32/2)+250 x 3 /2
o | l6m = 12030 or my = 753 1b.
It lS seen that the B values vary from 674 ;o 1653 1b

agd the assumed yleld pattern is thcrefore not the corrcct one An

 ,Aest1mate of ths correct yleld moment may nevertheless be obtained

‘1f by applylng the v1rtual work equqtiOn A v1rtual deflection of units

g *"‘h«g_‘: .

‘1. For the proofJVf thls statement see Ibid. pp.642
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"j7which gives m

~’g1ves m

-;;that m,

, and superpositlan 1s not theoreticdlly appllcable Johansen

o along the yleld 11ne a—b gives the rotatlons 9 N 1/6 QB—l/7
0, ‘..(5/7)/4..1/5 6 ’ and QD = 1/3.

The equillbrlum equations are written in such a way

ﬁhat the virtual work equatlons can be establlsﬁed easzly.
Z M .,,:'-i\.;m(20/6 +40/7 + 10/5.6 + 16/3) = 16.17m |

| ..zﬂ qédxdy 13470/6+72490/7+10670/5 6+12050/3

i | 18560 R _

l = 1148 ‘1b for yleld pattern Ne 1.

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

qj,be 1nczeased whlle those of B and C must boe  decreased. Such correc—

_’cion leads 't;o pqttem Ne 2 which gives : M =1243 1b mB=1182 1b,

A

v”f 0-1167 lb and m —1190 lb The cor193ponding virtual work equatlon

‘ ;‘j In this case the four m values are almost equal and
1192 lb is a satisfactory design Value It should be noticod

1s only 3 8 % greater than m .Applicatﬁon of the virtual

2 1

- work equation to yzeld patterns rea sonably close to the correct one

 ‘ gives yleld moments only sllghtly less than the correct value.

'b;Method of_superposition

Although the yield-llne theory is not a linear one

1 hqs\

: shown th&t its use vlves results on the safe side, ,as the sum of ’

the yield mom?nts correspondlng to0 a number of individual loadlngs

:1s greater than or. equal to the yleld momenﬁ corresycndlng to the

sum of Load1ngs.{  ‘

1. Johansen K.N.‘"Brudlinle teorier" Jul. Gaellerups Forlag,
o Copenhagen Aug.1943 pp.189 .
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l 2:9 -Determlnation of P

The anﬁlyses and examples prcsented above were all con—

cerned thh slabs hav1ng an equal yleld moment in all directions.

. In practical deslgns 1sotr0p1c re;nforcement,ls often not economi-

‘ééijand itﬁis.nécessary'tb'determine the quantity of reinforcement
o whioh Will satisf§ both'equi%ibrium‘éqnatiOns'and economical con-
siderations..ff' S | R |
| | _ To determine the value of the ratio of the yield mo-
annts in two orthogonal directions, that is. }l_ ml/b A.J.Ashdown i
pr0poses the follow1ng way:the amount of reinforcement is propor-
'tlonal to m and ml,therefore the cost of steel 8 1is propoxrtional

to m(lfﬁ)ab substltutlng in eq.(4) we get:
= qa b/24(}1 + 3 -2alf/b)
leferentlatlng g with regpect to F,and EQuating to

ds _ g3b _ ga’
zero‘.ﬂ ' du - 24 24

or )
P ()=

Substituting in Eq.(4):

_(A;Hé) 4 [z ;5 zu}

or ‘f }ml- qa [ié] | (5)

When designing a slab m is calculated from &q.(sq

then m1 l&m =. sz.
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L j 1 2 6.- OrthOgonallx gglsotroEic reinforcement

"itmhef'roblem of orthogonally anisotropic reinforcement

 fhas also been considered by Johansen and it has been shown

'"”that the analysiswof slabs with yield moments m and m'= im in

’ t
gn_..ﬁm ‘m = 1Pm 1n an orthogonal dlrectlon may

.one directlon,

3,

‘be reduced to the caée of 1sotr0plc relnforcement (y. 1) by di-

”u_V1d1ng,the llnear_dlmen31ons in the m dlrection by‘?‘and taklng

“llper mnit area.

I~ F.Hognestad 100.0iV.  Pp.650-8661
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"‘Lfovmulas for the aoblgn OI'Qllﬂo of r“lthILGd concreta Wluh the

' ”homobune1ty but thb eldbtlc theo:v is mld“lj used becauqe nothwng

. SEQTION &

| .,mrmoi)s OF SLad DESIGK
Tne ooeflzolants of moments glven at thc end of the pru-
;cadenb sectlon‘apply to ulatvs of homOgLneous lbOtIOpl; dna viq

'>th mauerlvl but they way be used as a gulde in esuablluhlnw~

"saua pqttarp of p nblw.A IEIWiDICLQ concreto‘ol~b aoeg not satis—

ffy complcte y the asu&l as umptlonS‘Of‘eiasthlty,lSOtrOpy and }
' |

‘.:bettor has been availablc for a Lona time andyomparloons ’With
 teot results have 1ndicated that OOAputGd mOment% and stres

arg almout w1thout ex cept1on on the safe side ,prov1ded tLat
_nomlnal working str: sses‘afe used 1n design.

- 1In thls %eot‘ontwo methods of d»31gn W1Al be nrao@nmed.-

:'\Thc firot ona -iestergaard 8 wormulas- pr0poges a reduction in
 the momenc coeff101unts obtained fm'm,elasulc anslysis since teét
'resul$s,show a stress rsilstV1butio - as thé,lpadé are increaged.‘
;The'secohd-{ﬁarcus' apprOXImatG $olution— is a mathematical approxy

m“tlon mbbhﬁd 1o 0 tain the maximum moments in & slab. |

These TWO mcthods resultd from the elastic qn 1lysis

of platas.

»l.jC¢E;Siess;ana W.A.“qu vk “Monme nts in two-way slabs" * }
SRV R T Univ.of Illinois Bull. Vol.47 Nca3
- Pebruary 1950, pp.53 '
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2.1 1_ ; ”"SfARGAARD'S COmFFxci TS

*‘w.AlthOugh qulte old the SUudy of pla tes by H.M.We»terg.'rd‘
5wlll be pras»ntaé here becuu e 1t constitutes the basis of the
'mOment uoe;f101cnts blven in be "ACI Réinﬁoxced Concrate Buil-

‘ ;d1n9‘coae"‘as mcthoa 2 qna on th othér ﬁand;the values given

.tnerein are stlll serv;n 1utuors gu'réigrcnécs in this subject;

The

“*udy by d‘m.nes eraaard is based on imformation of
ftne Lolio ;ng faur nxnds 1,
1 Results ubtalncd by the uheory of el btlczty,

'-2 ault% oﬁ teats

Suaeneral 1nformqtion ﬁonﬁarnlng uhé phenomenon of redis-
:trloutlon of stress resultlng frOm Iudlwtrlﬁut10ﬁ of rﬁlntlve
‘stlffness qs +he stressns increa

4-hnowlbdge of the behav1our of flat slubs.

Sw typeQ oiqunnl yrepre gnted in vhe Lo iloulua ilgur

are consxaerod ( )Th ‘g‘nplﬂ panel, ( BEnd panels of a rowuof pa-

nels,(S)Intermediate panels in a Tow ( 4)Corner gdrel" {(6)Interio:

punels.. D _
. S o ) . . . . 3
[—_—‘l . . E—-——-——-—»l—-——-— ——t . ‘_r--m._..,l,.,...,..-»..v.{.,,4_,_,.*534«..,‘-.“,I...,.4.” ..___-—_..Z -
,,,p T I o I x i % | § ]\
: L_,..._.J N l NI S ,_l.-w._wux,.,. IR0 TR U SRR SR,
' U)‘;,; ” o2y (3)
L e e, e 5 v \ . !
P . ! E !
T |
! P ' ! I
{ i L z
| : ! I3 {
. ’ !
S (5) 1 % = -

| I}’?_ ‘ ,“yp;zg. g; Panab‘v.

for the design of rectangular
bs and the supporting girders"
101’23(73?6) pp. 286

1 . H.M.Tegtergn qrﬁ "Worwi799
Lo e T 0 floor gla
R Proc AOI
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The tests condacted by é L,Weétergaard and ﬁ.A;Slater’;
ZCfiﬁa§e‘*Pdi0°ted ﬁnc posalbilltj of us;ng sm ailer coefficients thén
%;sfthose Obtalned fer hOmOgLneouS elastlc materlal by use of thp thc“
’ ?150ry of alastlclt | :

P:Of.Jestcrva rd summafizes the results of his tests

ms

E;ln tne *OLIOWlﬁg‘Se én ses:
25 "The tests dcmonbtrata quite cledrlj the phenowenoq of
. fédi't 1but10ﬁﬁ01 sﬁress.This pbenomauon de be explmlned in terms

.ﬁ;f}af whgt napnens 1n the o se'of a rectangulqr 1nter10r pancl.The

"”Mload(lu assumad to be alatrlbu+ed uniformly over the whole Tloor

u:{iand to bn 1hcre“¢ed gradually frém ZGLO.mlth the mqllest loaas
:”Qi thn pqﬁel ¢1ll qct most vearly like homOgeneouv elastic slab.
5 ;mhe gr°ateSu btresses Wlll ocour at the centers of the longer
d?gs The dlagram of confficlents of oendinp,moments agros 38 thé
fedge Shows.small values near the corners and large values at the
B mlﬂdl&.nhcn thﬂ lo&d'is'incr¢aéed,the inércase‘of bending &ément
:~00rerp0ﬁaan tO'u 5iﬁehlincrease of'deformation will become smai-
 jler at tne m1dd1e of the cdge where the stresses are loarge than
naﬁr tq>' Ofubrb whnere the stresses axe snall, That is whe - the
‘1oad increa~. ;the c“lffness of the material becomes relatively
mQLlCI Qt the W1ddle of the edge than near the corners. The revulm

is thwt thﬂ parns nenr the corners hecome re1z 1velj more active.

One way say that stresses are thrown from the widdle of the cdge

|
toWard thaVcorner_ and the m1dd1° bOrrOJb °t*ength from the sides)

L

~1 . B, Wns*algqald anﬂ W A.Slatur “"omcato and stresses in slabs®
o o U Proc.ACI Vol. 17(1921) - pp.415-538 » :
2 . H.A.‘eaterraard On Clt - pp. 31-32 '
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Accordingly,the diagram of coefficients of bvending moments is flat-
tencd out,the ordinates becoming smaller at the middle and larger -
at the ends.At the saxe time,the'facfgtbit,the deformations are

causes

smaller at the mldule of the Dancl tban at the lbﬁger Cdgés,
a second redlstrlbutxoq of the COQiflClentu of bending;momunvv,or
‘»borromlng of strength,with duorea;es of tne neg 1t1Vw moments du tThe
éages and'iHCrea‘e~ cf the pos xtivafmomcntsﬂgt yhe mlddl@’of.thc
p&nel.wnentha stresses neér~the miadls.inciea G,d>uhlru redis r1; '
bution ocouré,the diagfam 0f positivélmomeﬁﬁé abrgss the longer
line of SJmmatry is flattencd d&*.Findllj‘ThOI is a reé;stt§5ut§5§_

0 tne_longer span.These redistri- -

ot

4

of action from the shortér span

butions resuit.pcgerallv .peqﬁlnﬁ,ln a lOwériﬁmvyf the éritioul ~
f?lclbn+s by whxch the olab wald be d 31g“ud
| ”he amount hy wiich th -mOm*pi CObffl nts w1 l ha.
lowered: is dﬁturwlvou by 5“umxny ﬁxqt-unu ilozura of “vv"omuay :i”
slab supportad,on‘girders is nofdif érantffrqm nhoffléx@relcf-%15;
£1at slab.Statios principles applied to.a fiat b,_‘so‘t‘i,x'vé‘();i'ij?h‘iifﬂAsz?J
as the sum of the posiii ¢ and negqu1Vﬁ'moméntb Tho corxoapoﬁd
coefficient is given to’ﬁe 0.09 byxth& Juin+ “Ommltte on Standqr&‘
Specific ltiéns for(bﬁcrete andvﬁuinforCGdaconcretg in‘tha repQrt
of 1924 (Section iéz}.ihe difference ofiﬁhé twd coéffioiemﬁﬁﬂenable

3

ta

cestergaurd to reduce the’moment-éoc ‘lClURua in ;he tacio ot
0.09 %o 0.125 ,that is 28 percent,in the Qasg‘Of‘sqg&re pane s
supported on all four sides. | R |

Thé following figurevshoﬁé_the:éeﬁ"5f'QO§£figiéﬁﬁs

-

proposed for the use ia design of sguare ponels supported on a1l

t;

o

+
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R Flg..u 8.~ Dr0posea COGIflcluntS of bcndlng moments fov
-the auclgn of syuare panels of reinforced concrete, : ‘
: . ¥M=aQb = bending woment in the strip of width bjc = coef- ‘
.‘yflclbhu gqun by the nu4ber°~ Q total wriform load on whe penel.

”hese aoefflcxenbs are Obudlﬂed by using tnv cObfil61 Lt;
:cf Flb.l by taklnw into »ccount the-redlsﬁrlbuzlon of stress,
| byypcrm;tuln a reductlon of coefficients to thevox%ent 6f128% and
ubyrassumi g that the doflectlons of the glrders are omall compur‘i

«V:to the deflect;ons o - the oentral'portlons of the loaded,panel.

Fl 97’bh0ﬂb 5CTS ot,simiiar.ocefficients proposed for

I R S T Z b |
S T A+l S ' (s )
are n&u}bers.‘ﬁflt11 6-1 COIIQSPO"’Xulné’ to sguare -

©where ¢y
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siahs,the}coefficientE assusc the values given in ¥igs.3 .Une can
. o )
find the moment 00¢¢¢161 nts for'one-way slahs by'ta.lnf m=C.
The form of Eq.(z)agreeSZ satisfactorily with the 3 results found
for rectangular pancls by the theory of elasticity l.
The moment cozfficients given in.she method 2'of the

ACI Building Code are wvery nearly the ones proposed by Westergasr

2.2 - IARCUS P: OPOSITiO

For +the design of two~way rathorC&d eoncrete glabs

-2
w‘

arcus proposes the use of the;fOELOJlnv egus tions:

_ A
ma_x? Mx" Mx {/1 —6~\.Z

>

i

2
M,
2
maxﬁMy_:,My 4..2(5} My‘
Theso equations ars basgad oun pure theoretical congi-
d@lat;@ﬂb. ?YL and TTL are the momenis in o aimply supported

2' . N
one-vway slab i.e, Z :o Z; » M. oand W are The
monents in a two-way sxﬂb 1 :xde‘and lV long,conputed by the 6-
lagtic analysis of the slab.

e e

MR CUS

h‘
o
o
L1
ol
o
<

In the maXimpum moment eyuwabions pr

the reducing effect of torsjional mwoment 18 accounted for,

Tables giving waxi, and uKTJ for different values
of lx/ly have been éragnred.The‘Tu tish practic e is o use the
~tables given by PUCHLR LOSER and BbETON KALENDER,

The ’French Bulding Code also sllows the use of the

tables given Yy PUCHER and PIGHEAUD.

[\
O

1 ) T? ”,‘"C‘S‘GCIS ﬁlr\i 'l.ld. '7“‘.31&'{301’ OD'(J]--C’ Z‘“ig'%‘-lo pp..;gl-.j'
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L SECTIOH 3

R 3 l - In this sectxon two types of sh&bs with different
'oupport condltions and.side ratios Will be designed As. “types" the
‘ifour-edges-ilxed and sxmply supported slabs are chosen and 0.6 ,
if:?o 8 and l 0 are the side ratios considered.,

A The procedura outlined below is followed in this‘section

&— Slab de51yns |

a—The moment coeffiolents correSpondlng to the following
"ilimoments are taken ﬁromquchsr,ACI code and»French code.

IR fﬁtMQment at mid5§?n_ln thé‘shOIf direction
,vj;l.m§,; Moment at midspan in the long direction
© x¥ = Moment at support in the short direction

'”i-x;), mOment at support in the long direction
| o;b~The slab 1s de31gned by the,"Y1e1d~11ne"theory,by
Tiiiltaking My/k = V i = Xx/M and i'= Xy/ﬁ
e ld/ o c-The slab 1s designed with  the worklng stresses given
’“ffby the Turkish Amerlcan and French codes. ‘ | |
| | d—The ultlmate moment carrylng 039301tles of tbh obdaine
_ bfsect1ono‘are COmpujed. 8 ; s
B } The load faotors applied by different codes are cdlcu—
';1lated as explalned 1n part 3.~.2. d .

B - Cgpacitv Comgaralsons

AR The capaclty of a glveﬁ slab thh a given load q is
”f;computed by the yield—lxne theory,the Turkish Amerlcan and French

5?7 Godes. .'tl‘
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,f;fload q of 500 1cg/n2

- B.8. PROBLLm Des:.gn a siab J.th 1X_ 2.&0 m.,ly_ 4.00m

' ‘_:(1x /l = 0 6) flxed on all four edgeé ;cgrrying a dlstrlbuted

Avallable B-160 concrete ’fj‘ 160 kg/cm

ST—I steel

\\

g
A

i \\ . \\.\\\\\\‘f» \\\:\,\.\\ o

P ///// e A

- Z

"".//A‘//f,/t v

v o

g

. y‘ & :

.-Puoher coefflclents used to compute ;p;i and i H”;, o

',For a slab of the dlmensions shown above Pucher glves‘*ﬁJf

M =k = 0. 03362 Qg ,,Myv _ }jﬁ = o 00436 qu o

Xe = m = - 1‘!0 .8853 111 , -.irl M = 1—-26.1147 ity _
. 0.00436 /z,\ ot qg 2;’8)‘_ 036 ' :

—

003362 LZ},"/W‘:, SR

'Vﬁ cae

]ﬁouA?

08852 . gp. | ,
‘ 42 X O 004‘36

. AZx 003562

,fzxq
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e UL

] W'e‘ haﬁe

o Solv:.ng Lq.(z) for pwe get~

oS

Now Lq.(s) mll be used to com;pute the moment glven by the yleld

lme theory. ,;-

(Zx)r 21  _‘0'5¥62 B (A R -O%OZ

MH‘O o . 2/’“'2

: ~ 3 \0.5.?6) ’l‘x’ , (05262 2! 2 '
) R ik 00673l

i 'm:’o;osaz&l \=‘ oMo T

The remforcement Wlll be designed by u.smg Bq.(2)
' o ".m hpa’ (4 tDSn)

ns

] 2400 45
P' 260 l’ P

, ;q:m;.;;;'

\f 1 - 30"'/h"¢q‘

(a)

o get a yleld failure p should be below Py = O. 43 UL/G‘ =0.0287
In ’che present case m—-llO kg m/m.Then (h= Bbcm)

30m/h2 30x10 ..‘O 112
7'" (39) x 2400

A *]!assa _ 0.1295 > P, (GJVQs comprasswn Sailure) |

\oovo <P

| E‘:'pbh = 0.004 x 400« 35 - 4.4 ent/, |

b-- AGI Code (Method 2lcoe£ficlents used t0 compute )J,i and 1

lx/l ;:.._0 6 ' the ACI code Method 2 gives
P ._;m ;40,0&7,@;{-;12??,-' L pfﬁ = 0,025 Qs
1M = O, 063 q12 i }m = 0,033 @12
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|  )‘9- 095 o532 LG goes . g3y (L 0032 45
| '004¥ e e 0-041 g - 0.025 b

Dlmensions for isotrOplcally remforced 8lab:

1.. 4. 200 m 1= 2.40 /et = 3,29 .=

_____._.__".“1_:?111;.‘0.6642 (Z _ 2L g5l
. . 7) : zm : b4

: m:‘/ 1(0‘ ‘54) Z [\F’* 0454) (0 82 ) (0554)( 824)]21"
S m ‘:0021»1'1‘12 B oo4oza,Z onss +m/ |

ld— hESuu -\\nzn IR 01215 >
50"‘ 'on? f pe AT 4*“"93 / h’

"ho‘ N -\00040<P
'}'}' 440 cw/

e c—French COde coeffic:.ents used to oogpute }L‘_;__and i_" -
A M ;='-. o. 0532 ql L pm = 0.326 m o .
e 1M= o 50 u o, 50};1&(

3 }A ‘0,526 g-"i»=.i,' 0.50 o
: Dlmensz.ons for 1sotr0pioally remforced slab.A

Z 400 m Z e 4 240 4-'44 m o
o Y e

Z /7 4035 (Z)____Z_L'__ . o‘aw’Z l) oe!cZ

214060

q(o 816) Z Wﬁ (4) (4 034‘) ;(4) 035)} = D. ozs‘?:il

o me 00825‘12 023;‘%@% 4”’/m
M Q_?asolcgm/m , €e+£ 35w

Som '. o 242
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:s;awe prov1de h~5 ::f,

4 0.125 7
ﬁ:‘zs“ TR
\oooaes <Fz.

T 008Gbx35x400-303 au/

”7 3.2 g Desigg bz Pucher coefflclents ggd“Turklxe Kogru.ve Ingaat
oemiyati” Betonarme Sartnamesi :

‘ a—The maximum pOulthe moment will occur at the center of
71_the slab in the short span dlrectlon Thls moment will be }.>
e Ix o oasaz q_12 0 0968 tm/m |

b—D681gn of relnforoemant Allowable stresses are <:

",vo"b_ 60 kg/cm PR 6= 1400 kg/cm

In oraer to have failure by yleldlng of the ro;nforcement

l

l

51.the requxred useful depth is : .’ : o ' o j
; ; ‘

00968 ~ 3 44,
8q4\| ‘18‘!? e w o

. Assuning a slab thz.ckness of Sem. (Dead load =0. O5x2400=1201cg/m2 )

3 5 em

The required éteel area in “the maximum momen t dlrectlon 18.
’ " N 0.821 12 0.0968
_ MY '?+e = - 228““/ _
' : 0.035 ;
c-Calculation of the ultimate: strength of the obtalned secti

Eq.(z) Wlll ‘o used to compute the ultimate strength of

 ;.the cross sectlon Wlth F,= 2.28 cm® y h=3.5 cm and w1dth 100 cm.

2.28 .

F— OOOGSZ
3.5 x leo :

p" should 153 below Pb & 0.435 /ey in °rd,er to pave yield failur

hee ,.2400 » |

7??;1.; .Pucher ,“Lehrbuoh des Stahlbetonbaues" Wlen 1949 PP 159-162
L B From Turkiye KOpru'va ingaat Cemiyeti Betonarme Sartnamesi
Tz JB¢ :

vLoser #Betonarme Hesap. Metodlari® Translated by
Dog . Yik.Mdh. Yusuf Berdan istanbul 1955 g
pp.134~135 S
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"""2450 A5 x 0. ooesz

h——-———'

45 x 0. 00551 )
,2

35) -(o}oocsz) (2400) (4
s =Vv°-“33,2f.-+'1"»/,;,".; 0. oes;l qZ : ;

";

But :m;part 3 2.1 a the yield-lme tneory gave.

= . 0.0382 q12

Equatlng the two moments.‘

X

< = o Load Factor = q = ------—-..1 67
o S , ’ q“/ - o0z82

o 0637 q12 0.0382 q a2 where q; -““mate load

3 2. 3-— Desm;n bv ACI coefflclents and ACI workmg stresses

o | a-— The max1mum pOSl'blVG moment according to method 2 of
the ACI Code will ber ST
= 0. 047 q12 = 0.047 x 0,500 x (2. 40)2- 0. 13'5‘ +tm/m
b-Design of rainforcement Allowable stresses are:
70 kg/cm ‘- 1400 kg/cm |
_E‘or computa‘bion of the requlred depth vie make use of’

etonarme Hesap Metodlar:." Table 46,

,,?o S
J?'e again provi
- v‘]}hen
L | M 322 cu /
. .0.035
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c-Calcula’clon of the ultlma‘ce strength of the obtgined sect; on

o 322.
F /loox35

s h=i 0 oo‘m x 46
mz (5 5) (o ooe:e)(zm) (A *_?12_9_".‘!'_“) 2625 "€7m

m-(o 253 1l"'/ - 0.0880 a,Z

v-oooqm < h:oozs',l

: g: : ‘L_F S ,0.0860 2 (q
Toaona o040z |

\
S , , . !
3.~.4 - Design bv the coei’*’iclents and worlcmg stresses of }
' the French Remfoxced Concrete Code + ‘!

o 4‘

l

maxmum positlve moment .~

b
The moment taat concrete should take is:

;! x
_ b- De31gn oi’ remforcemen‘c' Allow'mle stresses are 2:
R A kg/cm 6, = 1600 kg/cn®

M= 0.0632 ql = 0.183 tm/m o - |
| ] L(o4osxoeec)h - 0.183
R . o .} ‘ 2 |

|

’invch;»giv’es" h —3 3 om The slab thlclmess is agam taken to be 5cm
’ | F. M . 0183 | 32¢ em? |

e

S e g h A6x0.035. ~ ,
c— Calculatlon of the ultlmate s-brenpfth of the sectlon .
= ___,__3;._‘9:f_._.'. .-; o.oa‘is < pb na 000‘13 x 45
S BB Mo | ,

v = (35) (oooq;)(uoo)(A _ 45 x0. ooqa) P l:gm/
e ozss s 0088‘1 ql,
e o

‘ SRR L+ ooaaq_ 408

l "Régles pour le c&lcul et l'exécutlon deb constructmns en.’
béton armé"  Mars 1961 :
2. Computed from I‘old. pp. 55 and 6‘7
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| E’z 3.— PROBLEM Design a slab Lx 4.00 m by ly» = 5. OIO'm

(1X /1 = 0. a) flxeavon all the four edgas.The loads and the avail--

*-"“';able are the same ka, m:"problem 3 .2..q 1s again assumed 'co include,

'(:he dead load' £ the: slab.‘ o b
| ,._Dasi‘gn bv thuleld-line method

o a-}?ucher coefflcents used to compute )_1 i and L'
. ‘_,fiif’I‘Or l A’ 1 0 8 - Pucer g]_VGS | .
oom= 0_ 02583 qlz  pu=0.01058 qu

S Lot R \;‘f_i'}‘M ';'-_o 2906 qu

(Z) (o 4os)(4 sc) = 0.638 | "

R

e L eme o

e AL x5.01058 o
L. A% a0 m, |
R L L S |

5. 00141
T 6132 T




BE g =] de) o : »
ROBERT COLLEGE GRADUATE SCHOOL :  pacedd
- BEBEK, ISTANBUL - o , o .

b- ACI COde coefflm enta used to cpmgu‘ce F - i »and%g_': :
“ M...0.036 q12{!:l '4._'}+m = 0.025 Q1§
m _o 048 ql 1}m o, 033 qlx
; ooa»e '

Z/Z-m

olo .
o o

S s oozaa ql - 0212 4"/,.
. Z¢+"‘~LK:-_7;C;5":.£.-“ -“wn __’1‘. . 0.0630 4+1oqs

Ve e a5 \olal >Fx.

0 00227

I :0002_2,-7 xloo"va.Sk; /'48 'c.h\/”‘v

—French COde coeﬁ’iczents used 0 con;pute u. i and i ‘
2

M O 04.-62 ql r}-LM = 0.512 M iM o, 50 M i)uM 0. 50,uM

posiz {p= 06 i L—oSo

. 5eom 1. 4% _ 558 T/ . Au
lﬁ wm o.m's "/l |

(Z) oemz (1) 081,

(osm) [ 3 4+ (140)° (M)} 001511 - 0.0111-86 4)2’; 0.3‘14 4../~
2 . .

iy . . ' 00040
Tot L'}:é.gcm','_"'lwp - om Ollé .42 \}08 /

Y N V 46 \om >h

:r: - 0.0040 x.c.sxlbo 2 26 (w"/m
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: Ab,, »Pucher coefflclents and TKiCBA rt EEE
a - For the nax:.mum positlve mbment w:.thw X/ly..o 8 Pucher glves
I -._‘o»"o:asaa Q2 = 0.206 tn/m
""‘.’-Dasmn of reinforoement /u~ ‘..v 60/1400 o

"h 43‘11"' 45cm_

s Assuming_a Slab thielmess of 8 om (Dead L, 192 kg/ m2< 500) Ve PI‘O-
s vide h 1,5..6 5em. B

The required b"teel area to take the maxmum moment is:

L e t x 0.206
X +¢ = ,o.szd :65' - = 2.60 cm/m

c-— Ultlmate stxength of 'the obtained section ‘

F i o 0040 < \o = 0. 028}’ n= 0.0040 #'46’
6;,' ”x \oo o

— (615) (00040)(2400)(4 I5xo. ou) 314 k;m/ o4 m/m |

- 0.0493 ql

m

d--‘Load‘,"fémfor‘ ]_"_TF': 00483 _ 745
. eoN

333 ‘-' Dééign“ bxthé ACI cwefficients and workin’g gtregses

a- Maximum positive moment
My =0, 036 q12 = 0.288 tm/m |
(‘ .‘vB-—' Dengn of remforcement o b’b /U:z, = 70/1{100
h ssmﬁ? A:IW
: A.00 L
The slab thmlmess is again taken to bw 8 cm.

T 0830288 5. |
L RN SRR =~ - (77}
e Y L ./"'
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| c-— Ultimate strength of the obtained sectlon

-1.-“‘0-5'5‘2%4

™ R

ety )b

-Lo'fa 'faotor LE 00”",-253
T A T ' 00268 o

}:5 3 4 Desip;n bv the wren.ch code coeffic:.en’cs and work:.ng; stresseg
I&faximum positive moment | »

: ‘; ;Mx- o, 0462 q12 = 0,370 tm/m

b- ?Desi:m of reinforcement . °1 /“" /'96/1600
‘.‘_:7 The moment .that concmte Should t&k& iS.

v M= fi_o-L(o:iosxosee)h o.3¥o." -

.: which gives hr_.!z 7 cm. h...6 5. om- is prov:.ded again

T 0.3%
.+.e: e — 55b Cm/”
: 4.6 x 0.065 :

- U:Ltlmate s-treng‘th of “the obtained gection

= 000546 <I’

m (6“5) ooo546)(24oo)( ;,°_°fi"_"_f.5_) 531 kgm/ ‘:»0.53?*"%

~ m=0.0663 32

4~ Ioad factor

| o 0.0488 :
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3.4 - PROBLEM D°sign a Square slgb 4,00 m by 4. 00 m, flxed

>on all i’our edges The 1oads and the available materlals ‘are the

N ,same as in the previous problems. q includes the dead 1oad. |

&. .1 —-Design by the vleld-llne method

2 "\}Foxz a Square slab ’,& land i=i'

";_i‘""’m_o 0179 q12 i -iO 5000q1; 4 = 2.33

(Zx),— 20, . 0.543 Z,"»-_ (1)

2V4+233 '

}?1 <é::é) l [ﬁ:q]lme i - oioe

ld l, cs w, 'ﬂ;en Som c}.o:qs =A% d"‘"‘“
- ,htvv . T N >PL

‘o.oooqs'
a

T -_oooo‘]axJoo xGE 0.605 cm/“ .

,,b- ACI COde COBfflClen‘bS used to coxgpute 1

= 0. 025 q12 . iM .= =0, 033 q12 1= 1.32

(Y 2L eessl . )
(‘l,),’—, m chasl (,r

,,‘“'x-.‘if(‘.";f)‘-\l, 0. oqs 32 = 0.142»4"‘/,,, |

Lk hcs m lhen  Bom | 00425

s:

o f 2o /°'°°'47«
LT A5 CN\N 032 Tp,
o 'l';_._ooopqx oo x 6.5 = '0.96 euﬁ/m o

e
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French code coefi’i 1ents wed 10 compute
q12 T 0.50M 1= 0. 50 |

 £1{70&61 (@l.;‘
) cl(osle)l gt
St 2 o x 2T
‘?g’zzyeg;as@5;  «»enu ‘ggz=“¢o;;4 -”-;4145§;a?;'

(F ooozzexcsxm »; 44-7 e /,,k

i ‘3..‘:4;2*-,,."" Desigg bz Pucher coegg cients and TKiCBA f;aru.
a-— Max:.mum positlve momen’c.v o

12 2o, 143 tm/m

?0;0179 ar;

‘o-— Design ::of :rainforcement ‘ , 'q/% = 60/1400

-

”7%;‘;"7?‘,1.8_11‘ AL 3.8-‘@.'
T T N fee

forv n by taking the slab thiclmess 8 cn

+e O 82l . % 0. M,'S, . 4 3" "“A.,

8.5 om 18 provia

c-—Ultimat’@ capacitv of the obta;.ned sectlon
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anrT—

L .»3. 3-— Des;(gn bv the ACI coefflclents and woﬂcix;g stresses

a—- Maxmum pos it:.ve moment

"-‘;"0_025 qlx o 200. ‘tm/m

ba Das:.gr_x_ of reini’orcement : /q- = 70/1400

0.200.-

—_——-‘

400'

h 8. sm

'40 uu

 ‘, :57 6 5 om is prov ved for h by taking the slab thickness 8 cm

'-Fe_ “0.833x 0200 _254 m/
: 0.065 .. -

—U’lti%te capacltx of the obtained section ‘

,: :‘ .2.56
SN P A__—————““b_ 0.00394 < h.

me (c s) (o 00314)(2400)(4 -' O_Miﬁf) 39 “1‘"/ 0396 / . 0. o4qg c,Z

d—Load P actor L F 0.0495 5318
: 0. 0178 '

_ ,,;‘3.4*4 51_@ bv the Frenoh Code coeffo and workmg stresseé

f'f' a- M -0 0317 qlx = 0. 25A t/m

‘:_'b— Design of reinforcement : ,,/g-

. 254- 4 crL(o 403 %0, sac)h

,._ivhir_:h"gives', ';hl-..tl O cm ,6.5 cm- will be- provided agaj_n

er” AGxOOGS

‘ e— Ulti_gte strength of the obtained sectlon

\
96/1600 |

pe 244 400375 <
P e h

.. "e (CF) (O 003-75)(24015)( * 6.0037: xls'): =3:{$ kgn%“‘ |

| '»~d-i'Lo&Q._%_§ggj:_or .

L. ooar2_ 4y

e L
:O.S?B.l /... =0.04{2 ‘ilr
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3 5 - PROBIEM Demgn a slab wu;h 1 2.40 m 137'"4 .00 m A

--',(lx/l ..O 6) sxmply supported on all four edges and carrying a dlS-—

-j-",f‘,ﬁ’;'f.;'tributed 1oad q of 500 kg/m 'Same materials as in the prev:Lous

"j__,;problems are available and q is assumed to 1nelude the dead 1oad.'

3 5 1 - -2 slgn bv the xleld-lme method

' a-PUCHEH coefg clents used to_compute B Qj j, 0) -
2

 m=o, 0812'? qlz o pm= 0.01053 412

-'}hwzz(l')" S (igteser  Tp =08

0.08127 \ [ ~0.0812¢

= _ Dlmensmns of J.sotz'Opically remi’orced slab

z 4‘“\ .24 Lt
~106

Dq.(S) w1.11 be used again t0 compute ‘the neoessary mo-'
L .'ment capac:.ty of a slab ruinforced as above. |

(1\) since | ’=O, ; (Z,)Y-ZY since 1'20,_ |

Then © ' | RE ‘
o n e ql {W ] - 0.0AI? ql:
2 o :

m-.o ue 11 ., o. 334_ -In,/,,,

le{' ‘v Gbcw Then éfi:O.oQQA
hhey,
A +W /4 0:00%33
S 0130 Zp,

‘5'5-; 0.00333 > foo x 6.5 = 2'-7&4‘ .

o

561 Code coei’ficlents used 10 compute u,l and i

,Althongh the slab is simply supported on all four sides

the ACI Code requll'es that it be relnforced for negative moments

£

8 Anearuthe'supporfbs,l.e._ i and i' are not zero.’
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© o w=o0.08 @2 | pH = 0,050 qls
M =0,053 @ iyl = 0,033 q1f
L e 0.080. R T N
S T EY = .0.(,01 =0.71 L=t = 0.66
P peom _

""""'Dimensz.ons of iso’r.r0p10811¥ Ielnforced ‘slab

Z 400 . : Z;= 2.40 50‘?% '
‘ 6371 :

(z) A el () .ews],

X’

zvuoc,c | e R

(o 175) Z 5,+(0:,75 20\ ~ (o.?;s l,,)}»= 0.0251 ‘ﬂx .

24 0. W5,/ 0I5,
L me oo4l6fﬂ = 0.120 JA
o . a.60120
v"'ld' L Cb . . j:en i"_‘f‘., 0.0356 4 10‘«‘! f

" | Vo a5 TNe0.1322 >,,L

: '*':“{'é-':c- French Code coefi’icien’cs vsed to comp_te u gi—i -02

’_:,"-’.-":IM = 0 0849 qlx o }‘-— 0 435 r' 0.66
| Dimenslons of 1sotr0p1cally reinforced slab
' (
Z 400 m L. 24 364m
R 2.6

l | > 2
i (364Y _ (364)|  0.0458 ql,
573 (T;a) (4 m) > P

‘m= ono54ql = 0.304 +m/

Z¢+ LC’Sw ' 3°'“-00‘]oo
| 0.0030
o ps 4 +1]o4l /
T T A \Olao>p‘_

:FZ‘ 0003ox/|cox6‘5' A%‘ cw/
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345.2.-Desi;m bv Pucher coefﬁcients and TKiéBA Sart.

'Maximmn positive momant

: '.1"',:53Tak1ng the thiclmess of the 'slab 8 cm,h_s 5 cm - 1s provided.

1_40824;:0234 zch
' ooas ST /”'

» ‘.: .7': 000455
S Jo‘o X GB < < P"

| 'm Cc 5) (o 00455)(240")('* M) = o448 +MA |

‘m= O \545 a]l
”d;rdad'f@ctor« L'F » 0"54‘5 _432.
PG e,
;2.5 3. - Design 'by ACI Code
~a- M = 0,083 qf = 0,289 tm/m |
b- Des:.gn of reinforcement Oy, /o, = 70/1400
h 881‘? 0.234 4?>au | = 6.5 om is provided again
A.Oo;, . s
Lo ﬁr‘ .0.833x0.239 _ 2 o wz/
' €- 0.065

-Ultlmate capacity of the obtained sect:.on

b P‘-————-———G 53 olé | = 0.00474 | | ’
. X loo o
ms—_ (G 5)*(o. 00474) (2400) (A -0 004'“ x 45) . 0AM ‘m/m A

| F - ole33_ 343
‘ 0.0416 :
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5'5 4 = ,_gg.,gn bv ‘the French Code .

] a - M o +0849 q12 0. 244 toy/m

R . ; b TvDQS1gn of're;nforcement o, /"Z» = 96/1600
o Kb e see) bl - 0204 b
. hr 390111 h..s 5 em is ‘provided

T . o 244
e -
ST 4.6 % 0.065

- 2.35 ch‘

c - Ultlma ge capacity of the obtamed sect ion

F‘ 2.3%5 . _ o.00862
G.5 x 400

m = (65) (. 00362)(24“(,{, ooosszxis) 0.35% . m/,

. m= 0123511

g_- Togd factor J__'-F-.' z 01235 44T,
SRS 0054

3,6 = PROBLEM Design a slab 154,00 m 1y..5 .00 m,simply

v",'supported on all four sides and carrying a unlform load of 500kg/m’

© Same materlals as in the previous problems are ava:.lable q is

V'assumed to mclude the dead load.

: 6.1 = Daslgn 'by the zield-lme method

3

a;--Pucher coefflcients used to comg_te . }{_

2 E 2
M= 0,05512° s };M = o.ozzsstqu -

0.@1258 (Z) _
/“ “oomn \7) 0. 408 x (425) 0.64 f):' 0.8 -
Dimensions of 1is otroPically remforced slab

Z SOOM"‘ Z_ ‘."L%‘—SOOM

@)1,

~ (4)] - 6. 0417 ?Z
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Zm‘ L 5 . <Tléeﬁ _,3_2_'!'. 0.154

F-. Vi 4’{0_847-‘. /000533 ‘
,, B \ouso > h
,';-~:kf¥;5000533x400 xGS- 546 au/m

*:'j ‘o«-Ajg coefficients wed t0 compute H 3 3 &p-_l d"i\,‘

.‘gg.‘._-;'o“osé ’q12 SRR M= 0.050 ‘11}:2{
im= 0.043 aZ L1pH = 0,033 qlf

)A: :25: _ 0%2 \[7['._. o,g,gs  £=‘ 0.612- = 0.6c

| mmen51ons of 1sotr0pvically remforced slab

ly 5”001" 1,, 44_:{_452”. N Z/Z 0.1

[) 2L omst, ). e, ows I,
( .z—-————m ‘ e T

. 3w’ Ns o 9)= —01} 0.0258 gl.
2 R

k},’\;b;oasdilx’ 0.266 J""/m )

o leb 65 . H:eu dom on¥as
‘ , 3 ‘ Rt U‘Y
g .bia-:_;"’»fmy- /Q.oogci‘.
ST N oldos > p

| 1; = 000267 x’laox Gs = 4.4 au%

B French Code coefflclents used to compute ﬁ{_

2 '/u_.ossn \[—' 0.828

’Dj,mensions of 1so’cropica11y reinforced slab
. I3
Zy'—‘ 5.0 \”‘; 'Zx = 4.84 Zx/z = 0.964

¥ = 0.0615 qls

828

WL )
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PAGEL G

l st + (o %a) - (o %GJ = "o.q4zs 1?;1

m - 0. 06!8 1] =0.495 +"‘/m
h GSvM Thew  3om L 014G

PR

h‘o-:,

;i' A-H 0.454 _ A 00050

P T A8 o288 >p

1,_-";,;;;5&},1_; ;o’.’oo‘_L:dx' hoox .5 = 3.25 aw/, .

;5.6 2 - Des;gn by Pucher coeffzclen‘cs and TKiCBA Sart.
D &~ 0. 05512 ql = o 441 tu/m

b ~ D981gn of relni’orcement o /cr 60/1400 | |

| L fifsqq‘fwl ', 65aw.  h= 6.5 will br prov1ded |
B ) A.l)‘b ‘. o . :
. - 821 x 0.44) _ .
Fye 08B0t 557w, ,

| 6.065
: g - Ultlmate capacity Of the obtained section

F: SQT\V _‘;000851
: - Ao x6.5 ‘

'm- (G 5) (o 00851)(2400) (A - 0.00857 ”45) 0.814 '}'u/

'm- 0.102 qZ

AS}"»A

| R d_ Logd .factbx.'l L “F

' 3.6.3 = Design by ACI code
i £ - 0.512 tn/n

S la - M= 0,064 ql
b ... Desm:n of reinforcement 0 /g = 70/1400

L’r= '8'.58'!‘? asnz - 634au h = 6.5 em will be prochd

OQ:?_ 2 :
. + OQSSX 6'76 w .
eT 0.065 /’"

f "]o.l.'ﬁlt'_i;gate capacity of the section obtained

_ 0.0l0f
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o _.,cc‘s)f;( 040'4) (240). (4,-,, M) ot

~cuu,’ 11

" d - Toad factor: L.F = oHe 358 .

3 P 4 - Des;,gg bv -the Frenoh Code

a - m... 0, 0815 ql o 492. tm/m |
| h - Desuznof reinforcement / a‘ 4 = 96/1600‘
e M O—L (o 403xoaee)\n R 04‘?2 . E
' hr 5 42 cm o h = 6, S5 em w:.ll be prov:.ded ,
:"l—:e-‘_l 0.492 474 e / '
, 4.6 x 0. 065

- Ultlmate caggcitz of the obtained sectlon S

474 | 29 <
gsx4oo = 0.00f })L

vﬁ (G x;) (o ooqzq)(uocy (A - M) - 0¥oo , /,..

m 00815 ql
YR R I A oos?l'a‘ |
. 4.~ Toad factor: Lt - 0.0618 - A4

3 '? = PROBLEM Des:Lgn a square slab 4,00 m by 4,00 m s:.mply
‘supported on. all four smes and carrylgg a dlstrlbuted load. Of
"75“500 kg/m .Same materials as in the prev:.ous problems are available v

: and q is assumed to include the . dead load.

; 3 vl l . Desn,gn by the yleld-lme method

_Effa-l’ucher coefficients used to_compute i

Bucher [gllvesv rﬂx;My=0.Q3646 qlg ; F:fi | i"_i: O
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For the case kof, squé.re slah's,siinply supported and with .jzﬁ?t",
ropic“reinforcemerit the yield—-line theory gives: |
= a1f /24 = 0,007 q1f =0.33 tm/m
ZQ*‘ Ll 6.5 e Thew 30om ‘= 0.0994

‘71.
4 4o /°°°333
. Az 0T
P ' AS . 0.430 >h’

T - 0.00333 x 400x 6.5 = 2.1Y gu"/,m

b- ACI Code coefficients usgsed to compute

i
M = 0,050 a1? 1M =,0.033 q12 <

Z)"—__}_Z___ omZ onsl
(;x r 2\’4+066 y)

'm‘:,ﬁ_ (ozis_____) Zf' NS-«- (4) -(")r= &0;25 1‘Zx = 0.200 4”‘/"'

Lt d;'c.s'w. Tt,en 3om - 0.0596

= 0.66

b oy,
/{ _‘_W / 0.0020
F AR T N\voust > b,

T, - ooz xkoxGE sl w,

c - Erendh ‘Cdde coefficients used '

The French COde gives M= 0.,0423 ql}c
From part "_‘(a) of this section

Fé’ = 2.17 icmg/m
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"_b Pucher coefflclents and TKIGBA Sart.
a-u 0. 03646 Q% 20,202 to/mo
b- Desz.gn of relnforcement /q- "667/12100 ”

k‘. ‘ia‘n"oz‘?z v 54aw | h= 6.5 cm will be provided

: ,400

S i 0.292 S
. T 0mx0m 561wl
c-— -Ultz.mate capacl’c}z of the obtameﬁ sectlon -

P—___?’_.G_i_.__ oaosc‘i
6‘5)(400' '

mf'“(cs): }(o’ooaee)(uoo) (4 ) mg) 0£52 4,%

R 004'7

= 70/1400

/o-

E ' B 5 em will be provided N

0853)40400 = 912 uu/
OOGG NI
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3.7 4. , ~~Design bx_the French Code

| ;_i,a - M= 0.0423~qlx = 0,338 tm/m |
D - @Sign of re_j_.:gforcementf ay, /%" ::96/1600

ML (o-a0sm0.86) e 0,338

. F, . _oB38 | 5.25 eu,
- L "e‘" 4.6 % 0.065 /
c - Ultlmqte capac:.tv of the obtajined sectlon
. B r- 3.25 = 0.0050 '
6.5 x oo ' |
0.0050 %15 » _
ms (6, 5) (o ooso)(.24oo) (4 - .____.f- = 0.488 tm/,
m= 0.064 12 ‘
;a_':_:-‘\-ichad factor : .L:F - 0‘0‘640‘,' 4.46
' . 0.041

, 3 8 -CAPAGITY COMPARISONS

groblem Consider a remforced concrete slab flxed on
all four edges (B~160 conerete , ST-I steel),4.00 m by 4.00 m, 10.0 om |
. thlclc and 1sotr0p10a11y reinforced with 4,00 cm2 of steel per unit

o w1dth That is the maximum load that this slab can car:cy ?

.(a) Accordlng the yield—line theory
(p) Accordmg the TXKICBA Sartnamesi
(c) Accordmg the ACTI Reinforced Buildmg Code
(d) Accordmg ‘the French Reinforced con. Bu:.lding Code

Percentage of steel =p= 4.0 - 6.0040
S Ao~ Aoo 7
Balance percentage = Pp= 0-43 M 'f;;o' = 0.0287 > (.0040

»::’Eaxlure will occu:r by the yieldlng of the re:.nforcement.
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3 8.1 -~ The ul‘clmate moment that this sectlon can ‘take is:
e ws (3 5)" (6.0040) (Moo) (4- 0004"45') €74 kgm /h

he yleld moment of a square plate with 1sot1'0pic reinfos:oe-—

ment 1s given by Eq-(3) as:  >:. |
- 48

Substltu’cing C>14 ﬁ%%_l | _-—fv- _, q = 2022 Lg/m
Introducing a load factor of 1.5
e e
e

3.8 2 - TKICBA $art. 0y /o, = 60/1400
. Y g
| ,_ M- ief}z_ 4_,0155_ 404 R oqug dgn,,
The moment coeffmlent given by Pucher for this case 1s~
- ‘ o =, = 0.01794

M 414 oo|744zf] = 0.01744 (4.oo')z¢r

L ez dddo kg [
| 3.8 3 - ACI gode /o~ '70/1400
o Me A0 S5 og +w/w 408 lg/,,

The moment coefflcien‘t given by ACI code is : ,d = 0.025

M 40& - 0.025 (4.0)* 1
L . 51 do20 kg /,,2
3 8 4 - I‘rench Code % /¢, = 96/1600
| M (40,,)(46)(08;1,39) 41.4 1L““/ -4:!4 bg-w/,

| oL s e T B

The momenﬁ coefi’lcient given bj the code is :‘ o= 00318
M 414 0.0318 (40) ‘f
| 433 k
qs T kgl
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3?  determlnatlon of the values of the moment coefflclents is gulded

iVe,by the elastlc ana1y31s of pletes One thing to notice in this res-

o they all 1ie below the curve of elastlc solutlon in the case of fre-

?.{ely supported slabs Thzs fact may be exPlalned as follows the re-

‘;fiis greately based on a simllarity of flat and two—way slabs. In the
?l§7case of interior slabs this sxmllarity already doubtful becomes
-?;fstlll more doubtful since the supporting beams,poured monolithical-«

;?Qflyiwith the slab restraln flat—slab action the behaviour of 31mply

SECT10N a

. B | l The results obtained from the preV1ous section
'vfsummarized,ln Table I will serve to derlve some conclu31ons about

»ff'the moment coefflelente pIOPOSed by dlfferent codes and the load
e"and safety chtors 1ntroduced by the codes. |

| . The 1nformat10n gathered in the precedln sectieﬁn

) enablee one to draw the following curves i‘ -

| L (a) koment coeff101ents glven by codes vs. l / ly,

L (b) COefflclents of the ultimate moments that can be

:ftaken by the de31gned sectlons V8., 1 / ly

(c) ﬁoefficients given by the yleld—line theory vs. lx/l

It may be notlced that the curves showing moment co-

o eff101ents glven by codes vs lx/i ‘are all almost parallel to the
‘?{curve obtalned.hy elastlc anelys1s.This fact demonstrates that the

fpect 1s that all curves except one lie above the curve repreeenting

"tthe elautlc solutlon in- the case of 1nterior flxed slabs,whereas .

eduction of the moment coefficxents 1s prOposed by Westergaard and

|

'”*eupported slabs rapproaches more the flat-slab actxon aue to the

absence of the torsional rigldiby of the supportlng members.This B
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Elastic. -

“onalysis,

_TKICBA Sart.

ACl

“oo . FreNed  Copg .

from

“PucHeR

from Yol

ol .

: gro:(%’aH
X :

o

el
-ﬁnn\.‘/leld :
Ling

7
After design| |1

{fa'o.l

| 00868

’Vlésfgrgaaéd

0-0182 -

0.0851?

Ling -

0.llp0

0.1645

L. S
.Afhr design

' 0.083

0.0416

Sol
After design

01633

0.0849

0.l054 ’

0.1235

© SLABS

1;0.04;27 ~

0.0514

0.05512

0.0650

| 01020

‘0.064

0.0330

0.1180

0.0615

| 0;08375

MY

0044z

o; 0334 -

0.03646

0.0417

0.06490

0.050

1 0.0250

- 0.0942

10,0423

0.041F

0.0610

06

-0.0384

£ 0.0506

0.03362

0.0382

0.0637

0047

0.0636

0.0825

0,0884

g

0.0299

0.0324

0.02583

0.0194

0.04493

10.036

0.0268

0.06%9

0.0461

0.0488

0.066%

. SLABS .

1

"INTERIOR.

4'. 0

0.0213

0.0208 -

0.01744

0.0125

0.0375

0.025

o'.or-rs,'

0.0445

0.031%

0.0277

0.0472
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THESIS -

T ROBERT COLLEGE GRADUATE SCHOOL ,‘ SR PAGE 54
2 BEBEK ISTANBUL ' ' ,

;af;fdifference in action of the two types of slabs explﬂins why it has

‘“'Hbeen possible to reduce the moment coeff1c1ents for simply SuppoT-

“inted slabs and not for the four-edges -fixed slabs.

."‘ In the folch1ng parts of the section the design ccef-

 ;i”f1cients given by the three codes will be studied. For this purpose
"‘1t w1ll be- assumed that thc moments computed by the yleld-llne thc—

: ory are the real necessary moment-carrylng capacltles of the d831gn

o ed slabs.There 1s good reason in this assumption since it hqs been

,}fvproved experimentally that the ultlmate loads predicted by the y1el
>11ne theory are on the average 80 to 90 percent of those observed
'-1n tests l fhe f‘;w_ . .-.c‘ o |

The load factors 1ntroduced by the ccdes were calcu~

flated 1n the“prQV1ous sectlon The safety factors. 1ntroduced by the

s_e;ff;use of allowable stresses of the codes will be calculated by di-

UJV1d1ng the”ultlmat‘:mcment carrying cqpacitles of the d981nged sec~

frﬁtions byithe 6951gn.mcments SpBOlfled by the ccdes.’

4.2 Remarks ab0ut the codes

7ff1 P B.Hognestad —oeoTt 5. 555 '
2 . Betcn Kslende pp.eoa W,Frnst und Sohn - Berlln 1963
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in Uf means a decraase in the moment the coeff101ents given by

'3‘ ;:tha clastic solutlon would be somewhat 1ower and thus the reduction

vaiintroauced by Pucher woula be smaller.

i : (b) Reference %0 curves 1 and 5,2 and 6 indicatos the
1*»fdifferences between the ultimate oapaclties of - the slabs d351gned
*,{by the Turkiéh COde and the corre8ponding design mowents.These dlf—‘

B ;ferences”are due to the factor of safety introduced by the COde.'

f; fThe nnmerical value for the factor of safety will be obtainea by

P y L .0 132 -0, 1545/0.08127=1.90
“supported_ﬁ;5*:[;‘ A S
e , ,--”u;,“o a- | 1,67 . 0. 1ozq/o 05512=1 85‘
e Slabs S LT .
BRI R -1 O 31,85 - 0. 0690/0. 03646_1 89
_ xntezior*ﬁfx“,;i. L B - L
SRR SR S ;0.6_7 - 1.67 : \<0.0632/0,03362=l.89,
slabs . SRS
S 0w 2.46 0.0493/0.02583=1.91
"71.o'~,, © 8.00-  0.0375/0.01794=2.09

4 2.b. The ACI Code

(a) The moment coefflclents given by the ACI dee~

i"~lie betWeen Pucher coefflcients and the ones given by the French

'75:Code in the case of 1nterlor slabs.For 81mply supported slqbs the

"rourve of AGI ooefflclents is the only one that lies (partlally)

:"oabove the . elastlc solutlon curve.It is known that the ACI coeffi—
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:',Aftfclents are inSpired by Vestergaard's coefflclents ,but as a look .

",f;;onccurves l and;z would show they are qulte different frOm each ot

'?rffjher thc Acrivalues being higher in the ‘most probable ranges of

““xhwﬁlx/l mhisfd“ff aenoe is 1argely d“e o the Wish of 1ntroduclng .

| tirst faot

xl’ffiizn the column“strip”ln the ratio of 2/3 as compared to. the steel
5 ‘yaraa 1n the midd
‘ij'ry momcnt capac ty determlned from the yweld«line theory.To accoun

| zor this errect

safety by 1ncreasing the value of the d631gn moment

b)The: ACI Code allowu thh reduction of thc steel area ,

;fstrlp.Thls reduction would 1ncrease the necessa-

ioad factor provided by the ACI Codc will be o

TABLE III

LR *:'? o Fss.
' n;js 93 x 5/6-3.28 0. 1633/0 083=1.97

sisEx 5/6-2.99;;0 1180/0. 064=1, 85

‘ ?;fﬂ;;s.zc x—5/6=3 14 0, 0942/0 050-1 88 -

TTE0 X 5/o~l 5 C. 088Q/O 047o~1 87~
253 x 5/622. 110, 0579/b 0360:1 88;]

o .3 —-The French Code'

(a) Ehe curves g1V1ng the moment coeff1c1ents of the

"thFrench Code are clearly parallel to the curves representxng thc

|
|
|
\
|
ch3ﬁ78%X‘5/6=2_32 Y oag5/b 0250_1 975'*
|
|
\
\
|
|
|
\
|

‘.';:_values obtained by elastic solut 1on.In the case of interlor slabs

':5ﬁﬁﬁthe coefficlents of the code are very much above the values given

”Tyﬁby elastlc solution whoreas in the case of 51mply supported slabs
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“&'fthey are. sllghtly below the elastlc solutlon This fact reflects the

ff:same way of thlnklng as Westergaard that is a reductlon is made

‘Li:thelr behav1our.A first factor of safety is agaln 1ntroduced ;88

"fonn the coe?flclents of the panels whlch apPIOX1mate flat slabs in

vbln the case. of the ACI Oode for interior panels.

(b)The load and Safbtj factors are calculated as it

f was done for TKiCBA éart.'

__.lx_L 1y - L.F‘_._.' _F.S. |
 31mp1y 0. e“,, 17 ,0.1235/0;0849;1.46 |
: supported o 14 0,0875/0.0615=1.42
slabs 1.0 1.6 10.0610/0,0423=1.44
mnterier 0.6 1.08 0.0889/0.0636=1.40
Cslabs 0.8 1.3 0.0663/0,0461=1.44 |
o . .0 1m

Cuxves No 7 and 8 repxesent load and safety factors

0.0472/0,0317=1.49

‘ ;vs. 1x/ly °The curves 9 to 12 show the percentages of steel re-

1‘qu1red by dxfferent ‘methods af deslgn,for dlfferent sxde ratios

: and support a:ndltlons.
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"-two others arises from the fact that the allowable stresses of the

'“[‘French Code are based on careful con51deratlon of the mechanlcal

. SECTION 5 -
o comox.trsions

The statements in thls Seotion are based on the compur

V‘tatlons of -Section 3 and 1t is well understood that they pertaln

- only to the two part1cular support eonditlons that were con51dered.

The load factors and safety factors provxded by the
Codes w111 be dlscussed flrst. | _
‘ v Referenoe to Tables II, III and IV and Curves 7 and 8
Will show that the factors of sefety applled by the three Codes
>remain as constants.The average vqlues being 1 92 for the Tdrkish
‘tCode 1.90 for the ACI Code and 1.44 for the French Code The 1arge
‘f_dlfferenoe between the ‘safety faetor of the French Code and the .

'proyertles of the available materlals the place- where they are. used,
’“he average value l.44 applles therefore only o the case of 3—160
-'conorete and ST—I steel used for the eonstruction of flexural meme

bers1 this value would e381ly change for other construet1onal mater-

,ials and types of members.The s8fety factors of the ACI and Turklsh

Codes are arbitrary numbers by which the ultlmate strengtns of ‘the

availqble materials are divided in order to obtain the allowébleff

'stresses thelr numerloal values will remain constant with dlfferent1

'mqterlals and for different types of structurel elements.

The 1oad factors were computed on the bas&s of the

'moments obtalned by the appllcation of the yleld—llne theory,these

1. See'Referenee'N° 2 on page 33
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Afmoments béing acoepted as th@rrealfhEGessaryfmoment oaéacities of
_ the section in hand.If the reqnzrements of the Codes are strlctly
’;freallsed in 2 structure then the resultlng load faotors w1ll be

;;those shown on Curves 7 nnd 8.Bux as one may easily reallse the

'i]'-moments obtalned by the use of the yleld—line theory depend largely
;u'on the amounx of relnforcement used at the supporbs and a designer
S may provzde large load factors - in cases of unoertalnty abuut the

":e3:11ve loads - by 1increasing the. amount of relnforcement at the sup-

of.ports (An 1ncrease ofethe steel area in the support‘menns an 1nerees

:'v.l of 1,and consequently a decrease of m in the yleld-llne theory) The

"ffbest example to this statement is glven by the ACI Code in the case

d:of Slmply supported ‘slabs;  this code prov1des a large 1oad factor

:“,compared to the ones of ‘the Tuxkish and French Codes,by reqnlrlng‘
“;the use of negatlve 1e1nforcement near the simple supporte.

i e Now 1t rema ins to anSWer the questlon " thh method

:to adOpt for slab de31gn9"

, | | It has been proved experlmentally that tbe ultlmate

jvloads predicted by the yleld—llne bheory are on the average 80 to

90 percent of those observed in tests There is good reason therefore

in computlng the necassary momeny carrylng oapa01t1es by thls the-.

ory and designlgg accordlngly by +the appllcatlon of a sultable

4

dload factor.The magnitude of the load factor Wlll be mainly deter—

| mlned by ‘the degree of with Wthh the designer can predict the amou-

I nts of live loads. The only dlsadvantage of the yield-line theory

4‘would be the fact that 1t 1s the application of the "Upper bound

o theorem" of plasticlty and all the p0331b1e mechanisms should be

'lznvestlgated for the. determlnqtlon of the ultimate 1oad 91nce omis-

- 81ons could give serious results.
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’ Altnough 1t seems as the best method of d951gn,the yi-
 .eld—line theory is not yet accepted as a d951gn method by the Codes
we have‘considered.Lhe best,“legal“ method of de51gn should then be
‘; detér@ined,This'determinatioh‘ié related to o main requirements:
““(a) The llve 1oqu being exactly known it 1s wanted that the slab
be only as strong as to take these 1oads' (b)High ultlmate strength
is desired. In case (a) the ultimate strength of the slab is not
'flmportant therefore the requlred steel area should be the variable

40 be considered the best solutlon in this case would be the one

‘ ’_whmh is. Sa‘tlsfled with the least amount of steel for a given load
q.Curves 11 and 12 show that the Turkish and the French Codes nge
Mthe_best results for the cases of interior and slmply;supported;
"791355 reépeétively.For éase (b),where~the‘ultimafe capacity of the
siab‘is;the importaht_vatiable,ourves:5 and 6 show that it would

be’adyiSable to apply the ACI Code.
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