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Abstract

A method 1is proposed for the
prediction of load - deflection
relationship of rectangular R.C slabs

with three edges fixed and the fourth
free under uniformly distributed loading. The
analysis is carried out in three stages. The first
stage represents the initial pre-cracking elastic
stage. In this stage, use is made of the classical
plate theory to predict the load and deflection up
to the cracking load. The second stage represents
the elasto-plastic stage and starts from the
cracking load to Johansen’s yield line theory load.
In this stage, the cracking of concrete and
yielding of steel reinforcement are accounted for
by suitability modifying the flexural rigidity.
Changes that occur in the support conditions
along the fixed edges due to the formation of the
yield line lines at Johansen’s load are also
considered. In the third stage of analysis, a
method based on the flow theory of rigid plastic
bodies, is developed for assessing the ultimate
strength as well as determining the post yield
behavior of such slabs. The method takes into
account the significant effect of membrane forces
which are usually induced in the plane of the slab
along sagging and hogging yield lines as the slab
deflects.
compatibility of the deformed slab elements, load-

Considering equilibrium and
deflection relation is derived starting from the
initial compressive membrane action up to the
full-depth cracking at large deflections. The rigid-
perfectly plastic behavior is adopted with
modification to obtain the actual maximum
ultimate load including membrane action and the
deflection at this ultimate load. The predicted
load- deflection relationship is fairly comparable
with typical load- deflection curves of restrained
slabs.

Keywords Compressive membrane action; plastic
theory; ultimate strength; yield lines.

Notation

Ag Area of tensile reinforcement per unit width of slab

a Depth of the equivalent rectangular compression block of concrete
c Compressive force on concrete per unit width of slab

d Effective depth of slab

Plastic axial elongation at mid — depth of slab

f’c Concrete cylinder compressive strength
fy Yield stress of steel reinforcement
h Overall depth of slab
L Long span length of rectangular slab
l Short span length of rectangular slab
M Yield bending moment per unit width of slab
M, Value of M with zero axial force
N Yield axial force at mid — depth per unit width of slab
P Uniformly distributed load per unit area
P, Johansen's yield line theory load
Q Nodal force
T, Yield force in tensile reinforcement per unit width of slab
t Parameter = 0.59 p f,,/f",
w, Vertical deflection at center of free edge
w,’ Value of w, when the slab is first cracked throughout its depth.
& Plastic axial strain rate at mid — depth of slab
Plastic curvature rate
Rotation of triangular middle surface element about the long
fixed edge of the slab
[0] Rotation of triangular middle surface element about the short
fixed edge of the slab
Depth of neutral axis measured from mid — depth of slab
P Ratio of steel area to effective area of a slab section
of unit width = A4;/d
@ Angle fixing yield line patteren
Introduction

The Johansen’s yield theory based on rigid -
plastic approximation ! has been proven
successful in predicting the ultimate loads of
reinforced concrete slabs. This ultimate load is
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known as Johansen’s yield line theory load and is
assumed to be independent of the deflections.

Yield line load obtained by Johansen’s yield line
theory is found to be less than the ultimate load
obtained from tests ®!. This load enhancement is
due to boundary restraints and change in
geometry. This phenomenon is called membrane
action. Many researchers using rigid plastic
analysis have been reported in the past *®. These
methods are able to predict the ultimate load of
such slabs at zero deflection and the descending
portion of the load deflection curve. However,
they are unable to trace of actual load — deflection

L59 have looked into

behavior. Many researchers
the actual load-deflection behavior of unrestrained
and restrained reinforced concrete slabs. These
analyses were carried out in three stages; elastic,
elasto-plastic and plastic. The predicted load
deflection relationships obtained from these
analyses showed good agreement with
experimental results. The same approach was
adopted by Kadir ™ to predict the complete load-
deflection behavior of rectangular slab with three
sides simply supported and the fourth free under
uniform loading. The theoretical predictions of
this work are fairly comparable with the
experimental results. In the present work, an
attempt has been made to predict the load -
deflection behavior of rectangular slabs with three
edges fixed and the fourth edge is free under
uniformly loading including the effect of

membrane action.

Theoretical Analysis

A rectangular slab, with one long edge free and
the three other edges fixed, as shown in Fig (1) is
analyzed under uniformly distributed load. The
slab is isotropically reinforced in the bottom face
and with the same amount of reinforcement in the
top face only at supports. The load - deflection
relationship is idealized as shown in Fig (2). The
analysis is carried out in three stages.

1- Elastic stage.

2- Elasto-plastic stage.

3- Plastic stage.

1- Elastic stage

In this stage, the slab behaves as an elastic plate.
The elastic segment (OA) of the load - deflection

relationship is essentially a straight line defining
full elastic behavior in this region. The maximum
deflection and the maximum bending moment at
mid - span of unsupported side is calculated from

classical plate theory ™!

(1-v?) PL*

Wmax =@ ——@p7—— e (€Y
clg

and Mpyey = BPL> L. (2)

where a4 and B, are deflection and bending
moment coefficients, respectively.

The constants @; and B, depend on the L/l ratio
and Poisson’s ratio ¥ Y. Numerical values of
aq and B, are found from Table (1). This table is a
copy of the table found in Ref 11].

It can be seen from Fig (2) that the slab during
this stage is relatively stiff and any increase in
load is accompanied by a proportional increase in
deflection.

The pre-cracking elastic region ends when first
cracking appears at mid- span of the unsupported
side at an intensity of load of P... This is
represented by point A in Fig (2) which can be
estimated by equating My, to the cracking
moment M., such that

fir L
max = My = =< L. €))
Yt

A combination of Egs (2) and (3) gives

£l
p,=—e< . 4
¢ Ve By L2 )

and when this value of load is substituted into Eq
(1) the cracking deflection W, corresponding to
point A will be

_ a(1-v%) f, I
- B ye Ec

By using f, = 0.7\/]‘_'c and E, =4700\/]TC (as

recommended by ACI Code ™* and knowing that
3

h h
I =, and Yy =7 Egs (4) and (5) may be

reduced to
01./f'" h
o = \1/f_c (Z)Z ...... (6)
4 (%1 L
We = 3% 107% (E) 1-v?» (E) - (7)
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2- Elasto-plastic Stage

This stage starts from the cracking load at A to
Johansen’s simple yield line theory load at D,
where flexural cracking occurs at the maximum
bending moment regions of the slab, and there is
a deviation of the load - deflection relationship
from linearity.

The effect of cracking of concrete and yielding of
steel is included by choosing a decreasing
moment of inertia Function (I,) analogous to that
specified by ACI Code %

_ (Pcr) Py :
I, = D) I, + [1 - <7i) ] Le ®

Where P; represents the intensity of the uniformly
distributed load at the stage deflection is
computed, and I is the moment of inertia of the
slab cracked transformed section per unit width,

3

bd
le=— [F+3mp -7 .. ©)

Where
k =,/(pn)? + 2pn—pn

n==_ and p is the reinforcement ratio
c

The load P; can still be calculated on the elastic
basis from Eq (2) by substituting My, , the
moment capacity of the slab section at that given
stage, thus
M,

p, =_tmax 10

= (10)
Referring to Fig (2), the elasto — plastic stage is
subdivided into three regions (segments) AB, BC
and CD.

Region (segment) AB

The pre-cracking elastic region terminates at the
initiation of the first crack and moves into region
AB of the load - deflection relationship Fig (2).
Most slabs lie in this region at service loads. After
cracking and before yielding of reinforcement, the
slab is no longer of constant stiffness, since the
cracked regions have lower flexural stiffness, EI,
than the un-cracked regions, and the slab is no
longer isotropic, since the crack pattern may
differ in the two directions. Although this violates

the assumptions in the elastic theory, tests
indicate that the elastic theory still predicts the
moment adequately 7.

When the terminating point B is reached, the
steel bars commence to yield at the maximum
moment region and the moment capacity of the
slab at this section is simply the yield
moment My, which can be calculated on the basis

of the stress distribution shown in Fig (3) as

k
My =pfdi-3) .. 11)

The corresponding load and deflection are

B = 12
< gz e (12)
and
al(l - vz)(Py - PCT)L4
w,=w., +—8— > 77 . (13)
Y i Ec (Ie)y
in which

1 (B
By

P
Uy = G Ly +
y

Region (segment) BC

Along portion BC, the slab continues to yield and
a heavy spread of cracks may be observed
accompanied by inelastic compressive stress
distribution of concrete until when point C is
reached the section of slab at maximum moment
region has reached its ultimate moment capacity

(M,) where

M, = pf,d?(1 — 0.59p;—,y ...... (15)

The corresponding load and deflection are

Pt (16)
BiL?
and
a;(1—v?)(P, - B)L*
Wy, =Wy, i E )(Ee;o y) ...... a7
in which
(Ie)o = (E)W + [1 - (ﬁf] Iy e (18)
P9 P, ct

92



Sulaimani Journal for Engineering Sciences / Volume 5 - Number 1- 2018 _ %

A
(T

Region (segment) CD

With further load, the regions of yielding known
as yield lines divide the slab into a series of
trapezoidal or/and triangular elastic plates as
shown in Fig (4). The load corresponding to this
stage of behavior can be estimated by using the

1. The Johansen’s

yield - line theory analysis
yield line theory load P] (corresponding of point
D) for mode (1) is determined following the
principle of virtual work method as follows:

The positive yield line is given a unit
displacement and the internal work is calculated
as

I.W.=2M 4(l)+ !
W= 2Mo |4(7 ) +—
Yo

The external work done can be thought of as
being the uniform load multiplied by the volume
swept out by the slab segments when displaced,
thus

Ew.= (%)LZ 3 —n]

Equating the external and internal works gives

l
12M, |4 (P)n+1
P = # ...... (19)
QG-

The value of N corresponding to the least value of
P] is obtained by equating the derivative of Eq

(19) to zero, gives

n= 11 1412 (1)2 -1 (20)
4 (2 L

Substituting N from Eq (20) into Eq (19) gives the
least P; as

2
1 1

48 M, 1
17 2

P/ -2

The deflection at D is calculated as follows:

Changes that occur in support conditions along
the fixed sides due to the formation of the
negative yield lines at Johansen's load is to be
considered. This is done by changing the
deflection coefficient &y in Eq (1) to be the

average of the cases of simply supported and
fixed supports as
(P, —pR,)L*
- J ‘o
Wy =W, + Qi E. (),

where @1y, = modified deflection coefficient
and

Pcr
(Ie)/ = (?])3 Ig +

P\’
1- (71) Le e (23)

3- Third Stage (plastic Stage)

In this stage of analysis, the crucial effect of
compressive membrane action in the slab is
considered.

The following assumptions are made in an

attempt to determine the effect of membrane

action in isotropically reinforced rectangular slabs
with fixed supports along three edges and free
along the fourth edge.

1- Plane sections before bending remain plane
after bending, i.e., the strain distribution
across the depth of a section is linear.

2- The materials are rigid — perfectly plastic.

3- At the yield section, the steel has yielded and
the compressed concrete has reached its
ultimate strength. The stress distribution of
the concrete is assumed to the shape of an
equivalent rectangular block as defined by
ACI code. The strength of concrete in tension
is neglected.

4- The form of failure is determined by the yield
— line method and is made of straight yield
lines with a single yield line running into
both corners, i.e. corner effects are neglected.

Analysis

A rectangular rigid plastic concrete slab with
three edges fixed in and the fourth edge free,
carrying a uniformly distributed load is
considered, isotropically reinforced in the bottom
face only at center and with the same amount of
reinforcement in the top face only at supports is
assumed. The slab yields under the simultaneous
action of a bending moment M and a compressive
axial force N acting at the slab mid - depth Fig

3-
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Referring to the stress distribution at ultimate

stage shown in Fig (3),
N
=085f'.a—-Asf, .. (24)

h a h
M=085f"a (E_E) FALy(d=3) e (25)

A combination of equations (24) and (25) leads to
the following non-dimensional yield criterion:

RO
w=tra(m)-eF) 0 - (26)
Where M, : is as given by Eq (15)

To:Asfy:pdfy

1h f,
a =
1—0.59p]{—?'
0.59pf3’
fe
.3:7];
1—0.59pﬁ
c

If the yield criterion is denoted by a function f,
the ratio of the plastic axial strain rate £to the
plastic curvature rate k according to plastic
potential flow rule ® must be

& of/oN

[T
a N
_T_%T,
-

W,

From which

¥= (%)_%1‘% ...... @7)

Yield Mechanism and Compatibility Equations

An initial collapse mechanism of the type shown
in Fig (4 b) is considered and assumed to be
preserved at large deflections. This mode was
chosen to simplify the geometry of the yield
mechanism. If the vertical deflection at mid -
point of the free edge is W, the corresponding
rotations of the triangular middle surface

elements (Fig 5) relative to the supporting edges
are 0 and @ respectively. These plastic rotations
are related to the plastic axial elongations e; at

sagging yield lines and €, and €3 at hogging

yield lines according to the following
compatibility equations:
Seec. 1-1
2es+2xcos@+2e sing+L—2x=1L
@Z
For small angle of @, cos@® =1— >
QZ
e;te sing =x.—
2
Since y0 =x0
x
es+ e sing = 3 (tan?¢). 6%
92
e =X — tan’gp — e;sinp ... (28)
Sec. 2-2
e, +ycosf +ecosp+l—y
92
For small angle of 8, cosf =1— -
92
e, =y >~ e,cosp . (29)
From Egs (28) and (29)
€
—=cotep . (30)
€3
—_— L —_—
From Eq (28), when X = PR e =€,
L 6? ran? .
ey =5 - tan® ¢ — e,sing
From Eq (30)
e; =e,tang
L 62 5 .
e tang = 37 tan® ¢ — e, sing
L
ne =g f%*tang —e,cosqp e (31)

From Eq (31) and (29)
2

L
e, cosp =e, cos<p—192tan<p+y >
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Differentiate w.r.t.

de;

_ 9% LGt +y0
dgcosq)— cos ¢ > ang +y

do

From strain distribution at sagging yield lines
(Fig 6)

de
—=dy
51
_dey de,  de
b= dy ~ df.seco  do cose
de,
Ho =g COS®
W, 2w,
T
2

@ =tang.0 Fig (6 )

Wo

=tang.60

2w,

:Ltan(p

de; de,

28 %59 =2

L
a0 cos<p—§9tan(p+y9

L
M=po +6 y—ztamp]

Wo

'u1='u"+Ltan(p

[y - %tan (p] ...... (32)

From strain distribution at hogging yield lines

de,

he= g

_des  des " des
K= 49 " dotang % ap

From Eq (31)

L
ezzzeztan(p—eocosq)

_de; L o1 de,
2= g T VNPT gp CO5®
L 2w, ¢
=% ) _
2 Ltang NPt
Up=Wo— Uo=Hz e (33)

Eq (32) define the depth of the neutral axis along
the sagging yield lines whereas Eq (33) define the
neutral axis depth along the hogging yield lines
at the slab periphery.

Horizontal Equilibrium Equations

The only unknown in Eqgs (32) and (33) for a
given maximum deflection W, is U, and this may
be determined by considering the horizontal
equilibrium of either elements (1) or (2) in Fig (7).
Due to symmetry arguments, there can no-inplane
shear force acting on the slab along the yield
lines.

Considering element (2) and resolving forces
perpendicular to the fixed edge of element (2) in
Fig (7) gives:

J.Nl.sirup ds—N;1l=0

d
put ds = —~
sin ¢
l
Tled Y 2o
[ To y DTO
l
led Ny 2o 34
T, y L= e (34)

The values of the membrane forces N; and N;
acting perpendicular to the yield lines are
obtained by substituting the values of |; and l3
defined by Eqgs (32) and (33) each at a time into
Eq (27), which gives

Ny y
—=A,-B,(5--1
7= ARG
N, a
_2=__A1_B1
T, B

Where
A& KT
28 28M,
g W lo
28 M,

Reducing Eq (34) gives

24 4350
1 2 ﬁ_
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Ho=73Wo e (35)

The limiting deflection WO' for which Eq (35) is
valid is obtained when [, = h/2

ho3
27 3%
w, 2
n = § ...... (36)

Using the expression of the limiting deflection
Wo’ given by Eq (36), the value of [, represented
by Eq (35) may be written in the following form

w, h

= - 7
Ho Wy 2 37

It is apparent from this equation that at zero
deflection, U, = 0 and therefore the neutral axis
of the slab section coincides with mid - depth
axis. This indicates a concrete compression block
extending as for as half the slab thickness. With
increasing deflection, the neutral axis at the
central region of the slab shifts upward, until
when W, reaches W,' the concrete block vanishes
and the neutral axis touches the slab top surface
(full depth cracking).

Yield moment and axial forces

The axial forces can be determined by introducing
the value of U, from Eq (35) into Eq (32) and (33)
with use of Eq (27) the results will be

N; a w, T, y

—=——2_2(4Z=—-1) ... 38

T, 2B SﬁMD(l ) 38)
and

Np _Ns_a woTo (39)

N
Substituting the expressions for ™ into Eq (26)
()

gives the corresponding equations for the yield
moments

2

(B ()

M 2\ 1 w2 (T,
i = () () Gr) e

Yield loads

N
Having expressed the values of the axial forces T_
o

and the yield moments M/M, in terms of
maximum deflection of the slab W,, the yield loads
corresponding to any maximum deflection can
now be found by considering the equilibrium of
the slab elements. To account for any vertical
shear, nodal forces () are introduced at the
intersection of the sagging yield line with the free
edge (see Fig 8), such that the summation of
these forces at the junction of the yield lines is
Zero.

Moment Equilibrium of the Rigid Triangular
Element (abce)

Referring to the Fig (8), by taking moments about
the mid - depth of the slab fixed edge ab, the
following equilibrium equation is obtained

ZMab =0

lescp lescp

1 1
P*ELI*§+2J. Nldscosq).%wa—zf M dscosqp —M,L—Ql=0

0

dy

But ds = —
sin ¢

PLI

1 1
L L L
?+Wol—3fN1ydy—l—sz1dy—M27= (42)
0 0

Moment Equilibrium of the Rigid Triangular
Element (acd)

lesco lesco

1Ly L o ) L
P*(E*E)*E+ f N,dssintp.}%wa— f M1dssm<p—M3l+§*z=0
0 0
. . dy
substituting ds = —
sin @
—PLlL 4w, 1
o leydy J-Mldy 4— M3—Q ...... (43)

The nodal force Q can be eliminated by equating
Eqgs (42) and (43) which give

l
Ny

l
f MfMld M, 44
3( T y o Mu y - aMo_ ( )
lZ 0 0
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Substituting N;, M; and M5 given by Egs (38),
(40) and (41) into Eq (44) gives
PLL w,T, . a? 9 w2 (Ty\%
ot ) ) )

2 1 w2 (T, 2
nalees

=0 ...(45)

5w, T,

The Johansen’s yield line theory load for the slab

is
_6M, (L 4) 46
=—\z*7) - (46)
Dividing Eq (45) by P; and Reducing gives
P—1+0‘Z 0125“T" +002671(T0)2 z (47
B = Tap T V1, e 002675 g ) o (A7)

If the expressions of aq,f,Tand M, are
introduced, Eq (47) will have the following form

1h ., 1h
L o 0125242 (w) +0.0267—— (W")Z 48
P, 4t(1—t) ’ t1—-t) \d . ta-o\d - (48)

Where t = 0.59 p f—,y
fle

L
In Eq (48), the effect of rectangularity (7) on the

load- deflection behavior of rectangular slabs with
three sides fixed and the fourth is free, is
included in the load term P, Graphical
representation of Eq (48) is given in Fig (9). The
figure shows the possible enhancements in the
load carrying capacity above the Johansen load
due to the effect of variation in the percentage of
reinforcement p and the slab deflection.
It is apparent from this analysis that due to
compressive membrane action, rectangular R.C
slabs with three sides fully restrained and the
fourth is free, can carry loads far beyond those of
Johansen’s simple yield line theory. The reserves
in strengths are found to be more pronounced in
lightly reinforced slabs (Fig 9).
The assumption of rigid-perfectly plastic behavior
of R.C. rectangular slabs with three edges fully
restrained against rotation and horizontal
translation implies that the maximum yield load
is attained at zero deflection. Therefore, from Eq
(47);

P a?

B = S (49)

where Pp,; = ideal maximum ultimate load
including compressive membrane action.

It is worth re-emphasizing here that the
enhancement factor given by Eq (49) is only
idealized since it is based on assuming that the
slab behaves in a rigid-perfectly plastic manner.
This implies that the ultimate load, which is
many times greater than Johansen’s yield line
theory load and corresponds to zero deflection
according to Eq (47), is somewhat exaggerated. If
elastic strains, for instance, has been introduced
in the analysis the value of the ultimate load
would have reduced, and will be given as

2

Pna a
=R+ 50
5= R+ D) (50)
where P,, = actual maximum ultimate load

including compressive membrane action.
R = reduction factor

It is suggested that a reduction factor R = 0.75
could be used in practice !

The deflection Wp,, corresponding to P, is
obtained from Eq (48) as
Wma —B—+VB?—4AC

a 24 1)

where

A=0.0267/t(1—1t)

B =—0125 G g— Zt) Jt( =)

4
1h
C=(1-R)|1+ (g =2
- 4t (1—1t)
5
t=059p 2%
&

Summary of the Analysis

A complete load-deflection diagram for a
rectangular slab with three edges fixed and
fourth edge free can be constructed with reference
to Fig (2) as follows
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1. The values of the coordinates of the
points A, B, C, D, E and F are calculated
using the appropriate equation as
indicated below.

Eq. no. used to evaluate the

Point
absesa (deflection) ordinate (Load)

A 7 6

B 13 12
C 17 16
D 22 21
E 51 50
F 36 48

2. The referred points O, A, B, C, D, E and
F are connected by straight lines.

Illustration of proposed method

To illustrate the proposed method, a hypothetical
R.C rectangular slab with three edges fixed and
the fourth edge free under uniformly distributed
load is considered. The slab is isotropically
reinforced in the bottom face and with the same
amount of reinforcement in the top face only at

supports and having the following properties

L=1000mm, [ =600mm, h=30mm, d=
26mm, p=025%, f'.=21MPa

fy =414 MPa, v =0.15, E;= 200000 MPa.

1- The values of the coordinates of the points A,
B, C, D, E and F are calculated using the
appropriate equation as indicated previously.
The results are as shown.

Point Deflection, W, (mm) Load, P kN
A 0.79 12.3
B 1.76 19.5
C 1.86 20.22
D 5.84 38.7
E 15.6 64.2
F 25.84 58.85

2- The referred points are connected by straight
lines to obtain a complete load deflection

relation similar to that of Fig (2). This is
shown in Fig (10).

3- The predicted load-deflection curve Fig (10) is
very comparable in shape with typical
experimental load-deflection  curves of
restrained slabs. Unfortunately, there is no
experimental data available in hand to show
the discrepancies.

4- As the load is increased from O to E, the slab
behavior is initially elastic and then become
inelastic at the critical sections at higher
loads until at E the yield line pattern for the
slab is fully developed. When the ultimate
load at E is reached the compressive forces at
the surrounds become maximum and there
after decline as the deflection increases
resulting in a decrease in the value of the
load. Comparing the predicted actual ultimate
load with that of ACI Code and yield line
theory, there are respectively,218% and 66%
increase in the ultimate load for this

particular case.
Summary and Conclusions

A method has been proposed to predict the load-
deflection behavior of R.C. rectangular slabs with
three edges fixed and the fourth edge free under
uniformly distributed loading.

The main conclusions to be drawn from the

present study are:

1- The predicted load-deflection relationships are
very comparable in shape with the typical
experimental  load-deflection  curves  of
restrained slabs.

2- The slabs have ultimate loads which are far
in excess of that indicated by Johansen’s yield
line theory and ACI Code due to development
of compressive membrane forces.

3- The enhancement in wultimate load above
Johansen’s load is more pronounced in
lightly reinforced slabs.
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Table 1 : Deflection and bending moment coefficients of uniformly rectangular
plates with edges fixed and the fourth edge free (Fig.1) * (by researcher)

% a B1
0.60 0.00271 0.0336
0.70 0.00292 0.0371
0.80 0.00308 0.0401
0.90 0.00323 0.0425
1.00 0.00333 0.0444
1.25 0.00345 0.0467
1.50 0.00335 0.0454

* From Ref. [6]

L |
—r— == X
’ 3
: fixed edge
Fig. 1: Rectangular slab with three edges fixed
and the fourth edge free. (by researcher)
-
b
free edge
y ¥

Load, P

Py

B, T

B, B

Per A

0, Werwy Wy , W) .
Elastic _] ! Plastic Deflection, w
stage ) stage
Elasto — plastic
stage

Fig. 2 : Idealized Load-deflection curve of a R.C rectangular slab

with three edges fixed and the fourth edge free [8,10]
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Section Transformed Distribution at Distribution at Section at

Section Start of Yielding Ultimate Load Yield

Fig. 3 : Stress Distribution on Slab Section. ((by researcher)

—vey.

de 1
(@) mode I (n<1) (b) mode Il (n = 1)

Fig. 4 : Yield line patterns (mechanisms) for

the rectangular slab with three edges fixed and

the fourth edge free. (By Researcher)

(c) mode Il (n > 1)

101



V//ﬁ

D _Sulaimani Journal for Engineering Sciences / Volume 5 - Number 1- 2018

e sing x cos® e,

€3 xcos@ €15ing
L—2x
Sec1—-1
9 x
X L—2x
2
S
/;: e
EYASY 8
€9) €Y / >
=
|
Sec2—2

)

Fig. 5 : Deformation of the rigid mechanism. (by researcher)
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Fig. 6 : Strain distribution at sagging and hogging yield lines. (by researcher)
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Element (2)

free edge
F L/2

Fig. 7 : Horizontal forces on slab elements before the formation

of a pure tensile membrane. (by researcher)
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Fig. 8 : Moment Equilibrium of the Rigid

Slab Elements. (by researcher)
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Fig. 9 : Effect of percentage of Reinforcement on P/P; (by researcher)
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Fig. 10: Load-deflection curve. (by Researcher)
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