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1.1. Yield Line theorv

The inelastic behavior of reinforced concrete structues has been the subject

of intensified studies for many decades. A major contribution of tlese studies was

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

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

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

considers the limit state ofcollaose for reinforced concrete slabs.

This theory was frst initiated by Ingerslev(r) in 1923. but later developed

and greatly extended by Johansen 
(21 

(Denmark) in 1943. The early literature on

yield tine theory was mainly in Danish and in 1953 Hognestad 
(3rproduced 

the first

summary of this work in English.

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

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

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

stresses are ignor€d.

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

system is estimated by postulating a collapse mecha.nism 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 virtual work or by tle equations of equilibrium.

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

conect or too high. Thus, all the possible collapse mechanism (yield line pattem)

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



not overestimated. Furthermore, yield line theory permits the analysis of irregular

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 P.actice(o&5).

Reinforced concrete rectangular slabs supported on three edges only with the

fourth edge fiee can be categorized inro six cases as sholrn 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 concerning slabs resting on all

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

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

under the action of rmiformity distibuted load covering the slab full area, by the

yield line theory. Based on the results of such analysis an example of a q,pical

slabs of case (3) is also to be given which shows a full detailed clesign of such slab

by the "Ultimate Strength Design Method"
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Figure. l. The Six Cases Of R.C Rectangular Slabs With One Fre€ Edge
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8m

Slab thickness =

FY=400MPa

Fe =20MPa

Lv6k=--=-=0.75
LX at

l..

Perimeter of Slab 2(6+8)*103
= 155.5 = 160mn

180 180

Using q 17n in both direction

d""=h-cover-dr

=L60-20-12

dav= 128mm

using F=0.8

loading

(Dead load)

Self wt. of slab= O-16* 24 = 3.84 KN/mz



Tiles and mortar = 0.04 * 24= 0.96 KN/m2

Wa= 4.8 KN/mZ

AssumingW=4KN/m'?

W'= 1.2Wa+1.6 Wt

-- 7.2 (4.8) + L.6 (4)= 1 2. 1 6 KN/m'?

K=0.75 and F=0.8

W,L2"----:-:: = ? 1_51
M

12.L6 (8)2
= 31.51

Mf,. 24.68 KN.m/m

M j" = pM j. -- 0.8(24.68) = 19.75 KN.m/m

M"-" = 2PMfi* = 2(0.8X24.68) = 39.488 KN.m/m

Reinforcement

@ M,>M, A:0.9

M[, -- 24.6A KN.m/m

M'>27.42 KN.m/m

F. = 0'85ne

M

^ F"lo'

17



128

a=13.3mn

AsFy=0.BSFeba

As*400=0.85*20*1000*13.3

As=565.25mm2/m

Asmin=0.0018bh

=0.0018*1000*160=288mm'?/m

; (12)',(1000)( = :r- -_ 20imm
565.25

S.-=2h=2*160=320mm

Use g 12-' @ 200mm c/c

M+,,v=19.75 KN.m/m

g M'>Mu

M+"y>21.94 KN.m/m

a=10.5ll'!n

AsFy=0.85Fcba

As*400= 0.85*20i'1000*10.5

2*27.42*106
0.85*20*1000*1282

2M.
Fcbd'

2*27.94*706
0.85 ,r 20 * 1000 * 128,

18



Asree=446.96mm2/m>Asmin=288mm2/m

T (rz)'(rooo)
S== 44,,% =253.O4mm < Sll.o,

Use e 12-- @ 250mm c/c

M''"=39.488 KN.rnlm

M;"=43.88 KN.m/m

a

724

a=22na

AsFy=0.B5Ffba

As*400= 0.85*20* 1000*22

Asreg=937-88mm2/m

lGD'looo)
S = -OarrA = 120.588 mm

S=12Omm

q l2nn @ 100mm c/c

1 S^ot

2M"
F.bd,

2*43.88"10^6
0.85*20*1000*128,

19



Figure. 2. Reinforcement of Slab

A 72@2Nmm

A 72@250mm
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2.

5.

:3;s:;:i

For specific slab and for constant values of slab aspect ratio (K) If

the coefficient of orthotropy (trr) increases the loading of the slab

(Wx) also increases.

For specifrc coefficient of orthotropy ( p ) . Ifthe slab aspect ratio

(K) increases the loading ofthe slab ( Wu) decreases

When the value of(p) increase mode I is control except when K is

small mode II controls.

21
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