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CHAPTER ONE
INTRODUCTION
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Introduction

1.1. Yield Line theory

The inelastic behavior of reinforced concrete structures has been the subject

of intensified studies for many decades. A major contribution of these 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 of collapse for reinforced concrete slabs.

This theory was first initiated by Ingerslev'” in 1923, but later developed
and greatly extended by Johansen ® (Denmark) in 1943. The early literature on
yield line theory was mainly in Danish and in 1953 Hognestad & produced 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 — 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 virtual work or by the equations of 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)

of the slab must be examined to ensure that the load carrying capacity of the slab is
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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 Practice*”.

1.2. Aim Of The Projet &

Reinforced concrete rectangular slabs supported on three edges only with the
fourth edge free can be categorized into six cases as shown in fig (1). 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 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 of case (3) is also to be given which shows a full detailed design of such slab

by the “Ultimate Strength Design Method”



These are cases for rectangular concrete slabs having one free
edge
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Fig (1) Types of Rc rectangular slabs




Slab case five has been chosen for such analysis

ARRXXXXXXX

Slab Case (1)



CHAPTER TWO
ANALYSIS AND DERIVATION
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CHAPTER THREE
RESULTS
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CHAPTER FOUR

DESIGN OF RECTANGULAR
SLAB FOR EXAMPLE
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Ex:- Design the rectangular RC panel using Yield Line theory as the
Fig. is shown : given

ff = 20 Mpﬁ.

f, = 400 Mpa

using @ = 12 mm
Self weight = 0.16 m

Tiles of motar = 0.04 m
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permitere slab
180

_2(6 +8)+10°
B 180

=156 mm

slab thickness =

say use = 160 mm

Dead Load =

self wt.of slab = 0.16 * 24

Kn
= 3.84--——2—
m

Tiles & Morter = 0.04 x 24
=0.96—3
m
~Wq=3.84+0.96
Kn
= 4. 08—'—2'
m

Kn
use live load = 4-——2
m

AW, =1.2Ws+1.6W,
=1.2%4.08+1.6+4

Kn
= 12. 16—3—
m




12.16 (8)?

M =44.303

m
M= 17.566 Kn.—
m

m
o M“+x = 17. 566 Kn-_
m

Mll+y = |.I, Mu+x
=0.8+17.566

m
= 14.053 Kn. —
m

M,-x=2M
=2*17.566

m
= 35.132 Kn.—
m

M“_Y =2 ""Mu"‘x
=2x0.8x17.566
m
= 28.106 Kn. —

m

1. for My = 17.566 Kn. =

21 12
d f: bd2

17.566 m

= 19.518 Kn.—
n 0.9 1 1 Kllm




1 2+x19.518 = 10°
0.85 20 = 1000 = 1282

T=C
f, As =f; Ac
400 As =20+ 0.85 x 1000 * 9.308
As = 395.59 mm?
ASpin = 0.0018 bh
=0.0018 x 1000 * 160
= 288 mm?

use ® 12 mm
ab.b
s =
As

_ 113.04 1000
= 739559

$s =285.750 = s =280 mm

Smax. = Zh
=2*160
= 320 mm

Smax, = 450 mm

use 12 @ 280 mm




for M-, = 35.132 = 2M

M _35.132
nT 0.9
Kn
= 39.036—.m
m
a_ _. X 2+« 39.036 = 106
128 0.85 20 = 1000 = 1282

a=19.411 mm
400As =20+0.85 1000+ 19.411

As = 824.96 mm?

113040
" 824.968

s =137.024 mm

S

uses = 130 mm
Smax. = 2h
=2 160
= 320 mm
Smax. = 450 mm
~use®12 @ 130 mm
or M+, = p My+y

=0.8%17.566

m
= 14.053 Kn.—
m




Kn
= 15.614 — . m
m
a _ 4 1 2%15.614 « 109
128 0.85 * 20 * 1000 = 1282
a="17.389 mm

400 As = 20 + 0.85 = 1000 = 7.389

As = 314.033 mm?

_ 113040
" 314.033

$ =359.962 mm

S

uses = 350 mm
Smax. — 2h
=2x160
= 320 mm
Smax. = 450 mm
~use®12 @ 320 mm
forMy-, =2 p M+,
=2*x0.8%17.566

m
= 28.106 Kn. —
m

_ 28.106
"7 0.9




Kn
= 31.229 — . m
m

a 2%31.229 x 106
——1— 1=

0.85+20 = 1000+ 1282

a=15261 mm
400 As = 20+0.85* 1000 « 15.261

As = 648.5925 mm?

113040
S = 648.5925

$=174.285 mm

uses =170 mm
Smax. = Zh
=2 %160
= 320 mm
Smax. = 450 mm

suse®12@ 170 mm




@D 12@130mm

v

@ 12@320mm

t

@ 12@170mm

X

@ 12@280mm
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Conclusion

1.For specific slab and for constant values of slab aspect ratio (K) . If the
coefficient of orthotropy (u) increases the loading of the slab (W)
also increases

2.For specific coefficient of orthotropy (). If the slab aspect ratio (K)
increases the loading of the slab ( Wy;) decreases

3.When the value of (1) increases mode I is control except when K is
small mode II  controls
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