
Minisfry of higher education & scientific research
University of technology
Building & construction engineering Dep.
Strucfural branch

Yield line Analysis of orthotropically
reinforced tectangalat concrete slabs having

one free edge

By

Mazin Naji Abd-El-Hussain

4'r stage

Building & consfruction engineering Dep.
Structarulbranch

Supervised By:

Prof. Dr. Hisham Al.Hassani//fu
201,1,

-+N,
C-r\



ehoul

)g.*-^sJU ,srj,pl9 r9r.:9r,ll rJu9,r,r ri. .sJI

.:9r9Jl rJr-cJl uiJl ....,, ssr,,raJl r.:,Ul uJl

|J\rJ ,..,,,,sF,--L*Jl oJ-.t JJ-oJU rsrJl

rJi rrylr.5r;e 'a*Jl oL;t o,.o,.s.tl

6ri ,,,..., )pl vl at),>s 1.5NP \S,, ,.t15 rf .S/!

.tJr-, .rl..*Jl .SrS .SlC;; \$rl ,5r.Il

a)-b.9 rr? al)fr9 $.os g,o o.iiL,J9

.s..oi ........,,,,.. i.,r.oO t+jLe.:g ,i-,-,,,,i tOr+.a s.o rsJ!

rsir.t.,,,, p\lrrJl €9p,r €.Jl ...lill tsJl

\ti\l|' ,.... p\lSll sC 6ier (srll . 
'.o,.aJl .Ji

ls\ilgr.al ... \raUtq >cdl O*i.,r .Sl>b .s.ec lf.Slg us.tJl ,.sJl

pUtbJl o9 tsrl.lris l9l5 so gJ!

Ffcrl \gJrl, ..srJ .rrLbl dJl eoaiJl \tJI

rs$tit .ri ,,....,... pli4Jl 'L"',Lo U i,e.ar AS.JI



oui.ir -Ai

&till ,JiE-l {rll Oui.yl filbJ Js.ill o.lli+ diSl ais.;,rJca rirt |.;
gj..all d.ia .JJisJliE-Yl

+$c &ir..11$ '41 gr..i.ai trt

lil .rca;& ,p r.il.,dYl

......... .J-rill ,I qP At otj+i

.... a.lsi !r ar" gt I e,s cr &t,,Fll c!.i prt3l3 lrs

lr! 4'11s!1 y|3l $3 pJll <*:" 'l rprlt3 pl.,;SJl alSLl g.+ J5ill'i (J.ilJ
.xS:e.,1.ojrl.q

e.,-" .!l 6rr.';111 l!1 p*1

" ou.afl fl 6u"r')t *15 d4r"

y # iF qJ" iaji l- 1J$ orYi-r a-.rj *.rtg lr". l9t3 l3t & r"tt
.;arj )3 .tr:

elJJl ,p- : qj-jt q- sle pi-l|13

rt.tlt ,,rll Opt+rll ri* cJI .rJer

Jn+ Li

FJir.ll J:\Sll il^:-Yl {rll Ou3.)l f:$eJ dirj+ll JS-Jli e$li

(i"All ft'j'a 'r'i

eJJ,,,.ll lra J+Ll .,Je d15l*, i..r! d,r '!rrr.t qri g.-a.3 gr I or! t-.J

{3lelrirylJ rliJt i*rir ed c,e ftilt sjjil-l JtJ iLlss.ll -o;grJl c\g;

.4Fbll iJ+.".11 fl.i+tL ct lJrri.lt e.{{+ iJj- Lo-Jl t-i{ll eJ
: +l.. cr #j,! Llrul jl5!J-9 liJ dtl pgclrl

tr-l&ll+l!



lndex:-

Chapter one (lntroduction)

Chapter two {Analysis and derivation)

- Chapter there (Results)

Chapter four (Design of rectangulat slab)

Chapter live (conclusions)



CHAPTER ONE

INTRODUCTION



lntroduction

1.1. Yield Line theorv
The inelastic behavior of reinforced concrete structures has been the subject

of intensified studies lor many decades. A major contribution olthese studies was

focused on the prediction of collapse load of such stmctures. Accordingly methods

have been developed which take into account the conditions applied to the

structure pdor to failure. One of these methods is the Yield line Theory which

considers the limit state ofcollapse for reinforced concrete slabs.

This theory was first initiated by lngerslev('r in 1923, but later developed

and greatly extended by Johansen'2) (DenmarkJ in 1943. The early literature on

yield line theory was mainly in Danish and in 1953 Hognestad B) produced the first

summary ofthis work in English.

ln this theory (that forms part of the general theory of limit analysis), the

structural elements are assumed to behave in a rigid perfectly plastic manner, and

elastic deformations, strain - hardening effects, shear stresses as well as membrane

stresses are ignored.

The method is an upper bound approach and the ultimate load of the slab

system is estimated by postulating a collapse mechanism which is compatible with

the boundary conditions. The moment at the plastic hinge lines (yield lines) is the

ultimate moment of resistance of sections, and the ultimate load (collapse load) is

determined either by principle of vinual work or by the equations ol equilibrium.

Because it is an upper bound approach, it gives an ultimate load which is either

correct or too high. Thus, all the possible collapse mechanism (yield line pattern)

ofthe slab must be examined to ensure that the load carrying capacity ofthe slab is



not overestimated. Furthermore, yield line theory pemits the aralysis of inegular

as well as regular slab shapes with different kinds of supports and load conditions.

This has led to an extensive use of the theory and it has been recommended in

different codes of Practice(a&5).

1.2. Aim Of The Proiet6,

Reinforced concrete rectangular slabs supported on three edges only with the

lourth edge free can be categorized into six cases as shown in fig (l). Coefficient

for determining the bending moments in these slabs are not available similar to that

of methods (2) and (3) of the 1963 ACI code conceming slabs resting on all

supports. Therefore, the yield line theory is an alternative approach for analyzing

and/or designing such slabs. It is decided in this project to analyze slab case (3)

under the action of uniformity distributed load covering the slab full area, by the

yield line theory. Based on the results of such analysis an example of a typical

slabs olcase (3) is also to be given which shows a full detailed design ofsuch slab

by the "Ultimate Strength Design Method"



These are cases fbr rectangular concrete slabs having one free
edse

C44e (t)

Fig (l) Types ofRc rectangular slabs



Slab case tive has been chosen for such analvsis

glaL ase (r)



CHAPTER TWO

ANALYSIS AND DERIVATION
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CHAPTER THREE

RESULTS



I
' 4t!

1r,-_ _

'k, [V1+ l2Fk'z - 1l

#=,"+#
x=rZrtkzlIag- 

'1['l t'"' 
]

%L?
M

sF++f
L2. , R'

(3x - 2x'z)

Mode I Mode II
p L..k=-!, v %t'?,.

M
x w'r'z-

M

True
mode 1-" rL4

M

I

0.2 1.353 245.698 0.225 206.759 il 206.739

0.6 0.907 64.722 0.482 60.947 il 60.947

1.0 0.651 42.422 0.600 44.000 I 42.422

1.5 0.477 35.185 0,667 37.793 I 35.185

2.0 0.375 32.000 0.700 3s.330 I 32.000

3.0 0.262 29.085 0.726 33.520 I 29.085

4.0 0.2 27.723 0.736 32.863 I 27.723
5.0 0.163 26.936 0.741 32.555 I 26.936



I tt...................-_
v= nr, P [Jr+12ukz

fr2sIll+ - -ll.l l'*' 
I

['u*#l
l'(sl:z-Tl

x = l,2ltkz

Mode IIMode I

1.378

0.8

53.467

37.295

31.234 29.4190.512 29.419

27.tr6



1 I r..............._ r
Y = *u [t L/1+ 12pkz - 1l .=1.rFk'2I

w.L'. w"L?[1+ +unl=18t:f =12 ' (3x - zvzl

Mode I Mode II

0.181 179.714

45.7t5

24.106

21.018

0.711



I l 

-- 

,t=G n'h/l+l2pk'z-rl

%ri =,o [#*nnr]
Nl -- 3y -yz

x=72pkzlFF']

w'L'* 
= ,, 3P + #

M --'(3x- Zxz)

Mode I Mode II
p L.,k=t v w"t?

M
x w"t?

M

True
mode r*. 1!6

M

0.4

0.2 1.434 218.783 0.152 163.247 II t63.247

0.6 1.131 39.060 0.36s 37.403 il 37.403

1.0 0.880 23,228 0.495 23.397 I 23.228

1.5 0.676 r7.485 0.589 18.072 I 17.485

2.0 0.546 r5.093 0.642 15.937 I 15.093

3.0 0.392 13.004 0.694 t4.268 I 13.004

4.0 0.305 12.055 0.717 13.645 I 12.055

5.0 0.250 il.520 0,728 13.349 I 11.520



t=k it"allt*kt-q

#="W+

- = ,..rUU' I l, *
t^]

w"& 
= rr.)M|.5

'1

1.2s . I

tTt-'l
, x+x2F+-i-

x - 2x')

deI MoM c
de II

x w"L2t

M

True
mode

wu12*

v w"L2.

M
p L"

k=7-
M

t43.494 il 143.494
209.411 0.111

0.2 1.466
28.010 II 28.010

31.083 0.284
0.6 1.268

15.822 II $.a22
1.055 ro.trs I 0.406

1.0
tl.296 I 11.072

11.072 0.510
1.5 0.850

9.324 I le.0s6
9.056 0.597

2.0 0.705
7.808 I 7.355

7.355 0.652
3.0 0.521

1.22r I 6,437
6.457 0.688

0.708
4.0

5.0

0.412
6.941 I 6.209

0.341 6.208



210

200

190

180

170

150

150

wulz* uo

M r:o

120

110

100

90

80

70

50

50

40

30

20

10

0

1.5

L.'k:i

<F yd).2

+u4.4

-tr=o.5



CHAPTER FOUR

DESIGN OF RECTANGUTAR

SLAB FOR EXAMPLE



(m

Ex:- Design the rectangular RC panel using yield Line theory as the
Fig. is shown : given

f; : 20 Mpa
fi, = 400 Mpa

u$ing0=12mm
Self welght = 0. 16 m
Tiles of motar : 0.04 m
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slab thickness =
permitere slab

180

2(6+8)*103
180

- 156 mm

say use - 160 mm

Dead Load =

self wt. of slab - O.16 * 24

Kn
= 3. 84 ------

m2
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= o.e6#
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"-
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12.16 (a)2
t ---n'r- = 44'303
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m
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= 3s. 132 Kn.I
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=1-t28

a - 9. 308 mm

T_C

frAs = f6 Ac

400 As - 20 * 0. 85 x 1000 * 9.308

As = 395. 59 mmz

As*ir, = 0.0018 bh

= 0.0018 + 1000 + 160
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use 0 12 mm
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for Mu-* = 35.L32 = 2M

35.132
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Conclusion

l.For specific slab and for constant values of slab aspect ratio (K) . lf the
coefficient of orthotropy (p) increases the loadingof theslab (Wu)
also increases

2.For specific coefficient of orthotropy ( p ) . tf the stab aspect ratio (K)

increases the loading of the slab ( Wu) decreases

3.When the value of (4) increases mode I is control except whon K is
small mode II controls
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