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This research introduces the real behaviour of RM@-way slab with
additional top and bottom corner reinforcement. IBueinforcement
contributes in stiffening slabs corner to resisstonal and shear stresses.
For this purpose a numerical studies have beerop®aed to illustrate the
effect of such reinforcement on the structural béha of R.C slabs .the
3D-FEM model through (ANSYS) software package heen kused to
accomplish this study, the eight node solid elensenised to model the
concrete, this element is capable of having plagformation, cracking in
three orthogonal directions, and crushing which eveall taken into
consideration. The reinforcement was modelled #see—dimensional bar
element. In this research several parameters hbeen taken into
consideration :(a)percentage of slab main reinfonest;( b) percentage of
corner reinforcement as a ratio from the main reioément ;(c) corner
reinforcement spacing;(d)margin beam stiffnessstéb) rectangularity.

The results show that the existence of corneregisent in R.C two-way
slabs improves considerably the structural behavafisuch slabs leading
to higher ultimate load and lower values for defileg.

In this research the maximum midspan deflection #ed ultimate load
carrying capacity were recorded. It has been fofmdthe studied cases
that the increase of load carrying capacity is aqd28%) and the decrease
in central deflection of slab is up to (30%).

From this study it can be found that the distribatdf corner reinforcement
(S=7, 14,21cm) and its percentage from the maiel 8%, 72%, 100%)
has a significant effect on increasing ultimatedoand decreasing the
central deflection.

KEYWORDS: Load carrying capacity, central deflection, corner
reinforcement, bar intervals.

| - INTRODUCTION

Using solid slab system for large spans is fraughh difficulties mostly due to
increasing the straining actions, deflections witehd to decrease the ultimate load
carrying capacity.
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NOTATION
E. the elastic modulus A iraeéakr transfer coefficient for an open
. shear transfer coefficient for a close

f stress at any strain Pe

crack
fo ultimate compressive strength Omax the maximum central deflection

of concrete

the maximum central deflection at A2

f, modulus of rapture Oo

failure load

fy steel yield stress Y density

k the corner holding-down force ¢ strain at stress

strain at the ultimate compressive

Ms torsional moment €o strength
Per first cracking load u percenf[age of corner reinforcement frdm
the main steel
, o percentage of main reinforcement
Py first yielding load M pas/Ac
R corner reaction v Poisson's ratio

S corner reinforcement spacing

It is Evident from the Elastic Theory for Slabs Analysis that

High values of torsional moment occurs at the aoregions and that if the corner of
simply supported slab is not held down; it will deto lift off the support (developing -ve
corner reactions) for which reinforcement must mvided at such regions.

Therefore tharitish Standard Code OF Practi¢BSI) [1] states that at corners
contained by edges over neither of which the sklcdntinuous, top and bottom
reinforcement should be provided for torsion atdbeers of such slabs. Both top and
bottom reinforcement should consist of two laydrbars placed parallel to the sides of
the slab and extending in these directions foistadce of one-fifth of the shorter span.
The area of the bars in each of the four layersupi width of the slab, should be three-
quarter of the area required for the maximum pasitnoment in the slab Fig. (1-a).
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Fig. (1-a): Corner reinforcement Fig. (1-b): Corner reinforcement
according to BSI according to ACI
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However according tdhe American concrete institu{@CI-318-02) [2] this
reinforcement is to be provided for a distanceaohedirection from the corner equal to
one-fifth the longer span. This reinforcement ithbimp and bottom of the slab must be
sufficient to resist a moment equal to the maxinbending moment per unit length of
width in the slab, and it may be placed in a sitiglad parallel to the diagonal in the top
of the slab and perpendicular to the diagonal enkbttom of the slab Fig. (1-b), or in
two bands parallel to the sides of the slab.

Torsion in simply supported slab: as mentioned before that when loading is
applied to a simply supported slab the cornerdiféed off their supports. The holding-
down force, can be determined in terms of the loagl means of the elastic theory of
slabs [3]. This force is expressed by “R" where:

R = pk ®
Where the coefficienp dependent upory = ly/Ix

For slabs simply supported on four sides the vabfgshave been given by
Marcus and are indicated in the following table.

Table (1)

1.0 1.2 14 1.6 1.8 2.0 2.5 3.0 3.5 4.0

7
P | 0.083| 0.080| 0.076| 0.071| 0.066| 0.060| 0.049| 0.041| 0.035| 0.031

Consider Fig. (2-a) in a diagonal plane-a at a distanca from the corner
the force R produces a momdRé& “torsional momeritthis moment is distributed
over the lengtt2a where:

M, =Ra. = pK /2 )
And this" torsional momeri{ M ;) acts across the plan8 - S Fig (2-b) and

produces a tensile stresses at the underside sfahddence it is necessary to provide
bottom reinforcement as shownFig. (2-b)
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Fig. (2-a): Corner force R acts Fig. (2-b): Inducedorsional momen¢M ;)

at corner acts across the plagg—
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lI- VERIFICATION OF ANSYS COMPUTER PROGRAM

The used computer program has been applied onl&rmaetn exampleSlab (5x5x0.12
m) and the optioned results were in complete agreemdth the exact solution
obtained by Czernys [4].

l[-1-Concrete Constitutive Model

Solid 65 element:

Solid65, an eight node solid element, is used talehthe concrete with or without
reinforcing bars (smeared or discrete reinforcejndifite solid element has eight nodes
with three degrees of freedom at each node—tramslah the nodal X, Y, and Z
directions. The element is capable of having mladgformation, cracking in three
orthogonal directions, and crushing. The geometwy i@ode locations for this element
type are shown in Fig. (3).

Fig. (3): Solid65-3D reinforced concrete element

The Consideration of Solid65 Element Input Data:

ANSYS requires input data for material propertiesaid65 element as elastic modulus
[E],Ultimate uniaxial compressive strength’][ ultimate uniaxial tensile strength
[modulus of rapturef,] Poisson's ratioV, density ), shear transfer coefficient for an
open crack £), shear transfer coefficient for a close cragR (5], [6], compressive
uniaxial stress-strain relationship for concrete.

The elastic modulus of elasticity: is obtained by the pulse velocity method and
can be calculated by means of its ultimate conaeitspressive strength for each slab
model by using Equation (3) ACI_318 [2]

E 2
f. = c

; [ 4730 } ®)
Where:

Ec elastic modulus of concrete in MPa (MPa=10.2kg/c
f./ Ultimate compressive strength of concrete in MPa.

The tensile strength of concrete: is typically 84L6f the compressive strength
Shahet al. 1995 [7].
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Stress- strain relation for concrete

Atypical stress-strain curve for concrete as anmga is shown in Fig. (4), Bangash
1989[8]. In compression the stress strain curvedoicrete is linearly elastic up to about
30% of the maximum compressive strength. Above pumt the stress increases
gradually up to the maximum compressive strengthierAit reaches the maximum
compressive strength, the curve descends into a softening region anadhteaty
crushing failure occurs at an ultimate strgjn

In tension the stress-strain curve for concretmjmoximately linearly elastic up
to the maximum tensile strength. After this poimt toncrete cracks and the strength
decreases gradually to zero Bangash [8].

/ peak compression stress
f /
ey f———— S—-——= m—————q—-

o 80 écu = -8

|
I
SN
tension |
— f cf= maximum tensile strength of concrete

'

-f

Fig. (4): Typical uniaxial compressive and tensti@ss-strain curve for concrete
(Bangash 1989).

Ansys program requires the uniaxial stress-stralation for concrete in
compression. Numerical expressions of Desayi amshKan 1964 [9] Equation (4) and
(5) were used along with Equation (6) Gere and Emeako 1997[10] to construct the
uniaxial compressive stress-strain curve for cdadrethis study.

f E.Xxe¢ @
1 + (8]
‘90
— 2 1:C,
£y = E. )
EC = f_ (6)
&
Where:

f = stress at any strainin MPa (MPa=10.2kg/cth
& = strain at streds
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€, = Strain at the ultimate compressive stretigthin MPa
The density) and the Poisson's ratio)( of concrete are considered as 2200 Rginu
0.20 respectively.

Table (2)
(Ec) kg/en () B (B) (fo) kg/em () kg/cnt
0.5 33 350
2.617E+5 0.2 0.2

l[-2-Reinforcement Constitutive Model

Reinforcement Consideration:

In this research reinforcement has been modeleal discrete reinforcemergLink8)
throughout the elemelolid65).

Link8 element, the three—dimensional spar element isisaxial tension-
compression element with three degrees of freedosaeh node: translations in the
nodal X, Y and Z directions. As in a pin-jointedusture, no bending of the element is
considered. The element is also capable of haves}ip deformation, stress stiffening,
and large deflection. The geometry, node locatiang, the coordinate system for this
element are shown in Fig. (5).

M4

Fig. (5): Link8-3D Spar element.

Material properties for steel reinforcement:

Steel reinforcement in considered models was aaetstl with typical grade 36/52. The
steel was assumed elastic-perfectly plastic mégeBitinear Isotropic Hardening) and
identical in tension and compression.

These options use the von Mises yield criteriorhvilte associated flow rule and
isotropic work hardeningrig. (6) shows stress-strain relationship usetimgtudy.

taking into consideration the following data:
»= Poisson’s ratio of 0.3 was used for steel reinfmeat in this study Gere and
Timoshinko (1997) [8].

= VYieldstress  f =3600kg7m

[lI- GEOMETRICAL MODELING

In all studied cases:-
= Only one quarter of the model was solved due tonsgtry, Fig. (9).
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= The uniform load applied on slabs is taken as aceatnated load at the
intermediate point of each element.

= All nodes on slab corners are prevented from tediogl in X, Y, Z directions
for slab beam models.

— A

tension

Vil

=4

Fig. (6): Steel stress-strain relationship useithig study.

Loads and Boundary Conditions:

» The supports at the corner nodes were prevented franslation in X, Y, Z
(Uz=Ux=Uy=0) support condition is shown in Fig. (F)g. (8) for slab models.

* The pressure applied on slabs is taken as a coatsmhtoad at the intermediate
point of each element. Fig. (7) illustrates thel@pploading.

» The symmetry boundary conditions were set firste Thodel being used is
Symmetric about two planes. The boundary conditifors both planes of
symmetry are shown in Fig. (8).

PRES-NORY _
10 g
g || %
-...X constrain in y direction

Fig. (7): Pressure on concrete element  Fig. (8): Boundary Condition
for Support (slab beam models)
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Reinforcement Modeling:
e Slab reinforcement:
Slab has an orthogonal reinforcement in x and gatiion
e Beam reinforcement:

0 Main reinforcement8#22mm, stirrups hunger4#16mm, sidebars
4A#12mm angtirrups #8mm@210cm Fig. (9).

ELEMEHTS

top corner

reinf.
bottom corner S \’\‘t\ X
reinf. / ’,;:-':J;"'* W ‘\\\‘ \‘\‘\ \\\‘\'\.“
4#16mm Y \\\‘\‘\\\\‘3‘“\1‘ -

e

top bars
A#12mm 7
side bars
S#2Z2mm

#8mm(@ 10cm " T SESEL S
S e ~  bottom bars

stirrups

Fig. (9): Beam Reinforcement.

IV- NUMERICAL STUDY

Parametric study.

A total of 16 cases for study have been done is @malysis. In order to fulfill the
above objective, the effects of the following paetens on the structural behavior of
simply supported two-way slab were studied thecadlti as shown in table (3).

. All sguare slabs are (7x7x0.15m) and supported on margin beams
(30x90) with top reinforcement 4 bars (16mm), batteeinforcement 8bars (22mm),
Stirrups 8mm diameter with 10cm spacing and 4kdE2sfm)as side bars.

» Group A: The main objective of this group is to illustratee behavior of
slab (shape of failure, stress distribution, thtamate load carrying capacity &
max displacement)with different percentage and ridigion of main
reinforcementys=0.38, 0.52%, 0.67%) Al, A2, A3 respectively.

» Group B: The main objective of this group is to illustraite effect of beam
depth on slab behavior.

» Group C: The main objective of this group is to illustrae teffect of beam
width on slab behavior.

» Group D: this group studies the effect of using additiote & bottom
corner reinforcement and spacing between bars apesiof failure, stress
distribution, the ultimate load capacity & max desgement. These slabs have
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a bottom and top corner reinforcement (perpendictita the diagonal)
reinforcement with 3bars 12mm diameter43% of the main reinforcement)
and has spacing between bars (S=7,14,21cm)
» Group E: The main objective of studying group E2 is tostrate the effect
of percent of corner reinforcement which has beden (72%, 100% Of the
main steel with 5,7 bars 12 mm diameter respegtiagld spacing between
bars S=14cm) on shape of failure, stress distobythe ultimate load capacity
& max displacement.
» Group F: this group studies the effect of top & bottom correnforcement
in case of rectangular slabs [R=1.25(7X8.8X0.15)1R8(7X10.6X0.15)].

Table (3): The general plan of the parametric study

BEAM 0
GROUP| SUAB | pension | MAN. |~ o oFCR| BETBARS | REC
(m) (cm) (cm) ) S(cm)

Al 7X7X0.15 | #12@20cm| 30cm 90cm i i 1

A A2 7X7X0.15 | #10@10cm| 30cm 90cm _ 1
A3 7X7X0.15 | #16@20cm| 30cm 90cm _ _ 1

B1 7X7X0.15 | #10@10cm| 30cm 70cm _ _ 1

° B2 7X7X0.15 | #10@10cm| 30cm 110cm _ _ 1
C1l 7X7X0.15 | #10@10cm| 40cm 90cm _ _ 1

© Cc2 7X7X0.15 | #10@10cm| 20cm 90cm _ _ 1
D1 7X7X0.15 #10@10cm 30cm 90cm 43% 7cm 1

D D2 7X7X0.15 #10@10cm 30cm 90cm 43% 14cm 1
D3 7X7X0.15 | #10@10cm| 30cm 90cm 43% 21cm 1

El 7X7X0.15 #10@10cm 30cm 90cm 2% 14cm 1

. E2 7X7X0.15 | #10@10cm| 30cm 90cm 100% 14cm 1
F1 7X8.8X0.15 | #10@10cm| 30cm 110cm _ _ 1.25

F2 7X8.8X0.16 | #10@10cm| 30cm 110cm _ _ 15

" F3 7X10.6X0.14 | #10@10cm 30cm 110cm 100% 14cm 1.25
F4 7X10.6X0.15 | #10@10cm 30cm 110cm 100% 14cm 15
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Numerical results
Slab-A2 (reference slab):

= Slab start to crack at load (1.083 {)rat the bottom(parallel to the diagonal)
and top (perpendicular to the diagonal)corner fibéren it propagate
gradually towards slab center with increase loadipgo failure load (3.103
t/m?) Figs. (10) and (11).

= Steel reinforcement reached the yield stress at (@a8373t/m) at the slab
center due to tension stresses Fig. (12).

" From the above it can be deduce that slab failavsed by:
After the Steel reinforcement reached the yielesstirthe slab corner
subjected to strong stresses (sxy shear streshhdetp concrete crushing
at the bottom corner. And consequently the collaggsgab occurred due
to the increase of these stresses.

CRACKS AND CRUSHING AN CRACKS AND CRUSHING AN

_ APR 18 2009 - APR 18 2009
STER=1 00:32:14 STER=1 00:31:39
sus =11 SUB =103 [ Tio T K

TIME=54.141 ' TIME=155.141

[

ik

R.C SOLID SLAB R.C SOLID SLAB

(a) (b)
Fig. (10):Cracking shape for slab (A2) ;( a) at load=1.083 t/m (b) At failure
load=3.10282 t/ffor bottom surface

CRACKS AND CRUSHING AN CRACKS AND CRUSHING AN
APR 18 2009

00:30: 05 STEP=1
SuB =103 T
TIME=155.141 |10

APR 18 2009
00:30:33

STEP=1
sUB =11
TIME=54.141

)
faXooo

R.C SOLID SLAB R.C SOLID SLAB

(@) (b)

Fig. (11):Cracking shape for slab (A2) ;( a) at load=1.083 t/m (b) At failure
load=3.10282 t/ffor top surface.
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ELEMENT SOLUTION AN
B APR 18 2009
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R.C SOLID SLAB

Fig. (12): Yield stress for steel element ;( apFiield stress for steel element. (b)
Yield stress at failure load for slab (A2).
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B.C SOLID SLAB

Fig. (13):

Component of Stress distribution shapX direction
surface;(b) Sx at bottom surface)

;(@) Sx at top

T
_ APR 18 2009
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sXY (2V6)
RS¥S=0 -1282
e =, 110766
SN =-1282
SHX =668. 006 -1063
-814.593
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31.199
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169.07
688.006
R.C SOLID SLAB

T
NODAL SOLUTION

STEE=1
suB =103
TIME-155.141
SXY {ave)
ES¥S=0

MY =.110786
Sty =-1282
SHX =688.006

AN

APR 18 2009
00:05: 28

-1282
-1063
-844.543
-625.607
-406.672
-187.736
31.199
250,135
169,07

688.006

R.C SOLID SLAB

Fig. (14): Shear Stress distribution shape for §8) in XY direction ;(a) Sxy at top
surface;(b) Sxy at bottom surface.
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Group A:

= When load is applied to the slab the first crack$otrm is a roughly circular
tangential crack around the parameter of loaded doe to negative bending
moment in the radial direction.

* Increasing percent of main steel reinforcement fron0.38% (Al) to
1=0.67% (A3) improves the ultimate load carrying aify from (2.363 t/rh
to 3.338 t/M) by about 41%, and decrease the max displacemamt(B.66cm
at failure load =2.363 t/frfor slab Al) to (5.57cm at the same load =2.363
t/m? for slab A3) by about 55%.

3.50

3.00
2.50 1
)
€ 2.00 A
-% 1.50
=)
- Al
1.00
— A2
0.50 4
A3
0.00 T T T T T T T T T T T
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00
deflection (cm)
Fig. (15): Load deflection curve for group (A).
(GROUP B):

= From studying this group it can be deduced thateimging beam depth from
(70cm to 90cm) B1, A2 respectively have a smaléaffon improving slab
load carrying capacity which was (6.04%).Increagisgm depth from (90cm
to 110cm) A2, B2 respectively have also a sma#afbn improving slab load
carrying capacity which was (1.69%), at the sameetit decrease central
deflection by (1.0%).

(GROUP C):

Results of this group can be summarized as follows:

* Increasing beam width frorB=20 (C2) toB=30 (A2) improves the ultimate
load carrying capacity from (2.469 fino 3.103 t/m) by about 20% and
decrease max displacement from (8.143 cm to 6.40&fkcload 2.469) by
about 21%.

* Increasing beam width frorB=30 (A2) toB=40 (C1) improves the ultimate
load carryingcapacity from (3.103 t/fnto 3.390 t/m) by about 9% and
decrease max displacement fr¢fri.078 cm to 7.089 cm at load 3.103) by
about 36%
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3.50

3.00 -

2.50 -

N

o

o
|

load (t/m2)
g

1.00 - —-—B1l
- B2
- A2

0.50 -

0.00 T T T T T T T T T T T T
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00
deflection (cm)

Fig. (16): Load deflection curve for group (B).

3.50

3.00 1
2.50
N
£ 2.00
-% 1.50
o
1.00 -—C1
—~—C2
0.50 +
A2
000 T T T T T T T T T T T
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00
deflection (cm)
Fig. (17): Load deflection curve for group (C).
(GROUP D):

o Slabs D1, D2, D3 start to crack at the same leadiue (1.103, t/A) in
direction of parallel to the diagonal (at the botjoand perpendicular to the
diagonal (at the top) corner fiber, then it progaggradually towards slab
center with increase loading up to failure load.

o By comparing Pcr for A2 and group D it can be sdbat; Corner
reinforcement has a considerable effect on Pcsdoh slabs, spacing between
corner reinforcement do not effect Buor.

o Steel reinforcement reached the yield stress dt (2823, 2.483, 2.303t/n
for D1, D2, D3 respectively at the slab center #redadditional corner
reinforcement due to tension stresses Fig. (19).
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o From the above it can be deduce that After thel &&#gorcement reached the
yield stress the slab corner subjected to strongssts (sxy shear stress)
leading to concrete cracking and crushing at take sbrner.

o Testing slab D2 (S=14cm) with changing the spacbejween corner
reinforcement to illustrate the effect of usingfelient spacing between corner
reinforcement S=7cm (D1), 21cm (D3) it can be sibam the best spacing for
corner reinforcement is 14cm see Table (4), Fig).(2

0 Using this top and bottom corner reinforcement véithercent 43% from the
main reinforcement improve the ultimate load cagyaby (2% to 5%) and
decrease the max. Displacement by (13% t016%) dispem spacing between
corner reinforcement.

CRACKS AND CRUSHING AN
APR 20 2009

STER=1 23:17:39

SUB =113
TIME=163.141

R.C SOLID SLAB

Fig. (18): Cracking shape for slab (D2) at failload=3.263 t/rhfor top surface.

om0 5009 BLEMENT SOTUTTON
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TIME=124.141 TIME=163.141

51 CHOBY) |- | [ [ ([ [ [ [T ] -1a746 151 (oave) ENNAREENREA, 3006
DMX =.050964 NN [ DMX =.105237

sMm =-18746 SN =-34666 -26814
SMX =36000 174 SMX =36000

-12663

S

6580 -18962

-497.032 11111

5586 3250

11669 1593

12445

23834

i 20296

17751 F __i::
I
I

29017

28148

36000 i

RN acooo

Ffﬁ

R.C SOLID SLAB
R.C SOLID SLAB

(a) (b)
Fig. (19): yield stress for steel element ;( apFjield stress for steel element. (b)
Yield stress at failure load for slab (D2).
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3.50

3.00 A

N
Iy
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0.00 1.00 2.00 3.00 4.00 500 6.00 7.00 8.00 9.00 10.00 11.00 12.00
deflection (cm)

Fig. (20): Load deflection curve for slabs D1, D&, and A2.

E):

® Slabs E1, E2 start to crack at the same loadihgev@d.089t/f) in direction

of parallel to the diagonal (at the bottom) andppedicular to the diagonal (at
the top)corner fiber, then it propagate graduatiwards slab center with
increase loading up to failure load.

Steel reinforcement reached the yield stress dt(®&80, 2.171 t/A) for
slabs E1, E2 respectively at the slab center amddiitional corner
reinforcement due to tension stresses Fig. (22).

When the load is further increased, stress and strain rise correspondingly and
are no longer proportional. Eventually the carrycapacity of the slab is
reached .failure happens because of the steeleuth its yield point. After
that stress the reinforcement yields stretchesthadtension cracks in the
concrete widen visibly and propagate upwards, withultaneous significant
deflection of the slab. When this happens, theirgtran the remaining
compression zone of the concrete increase to suldgeee that crushing of
the concrete.

All the cracks and stresses shape for slabs EXalb@g the same shape as
slab A2.

Using this top and bottom corner reinforcement eomeinforcement with a
percent 72 % (E1), 100% (E2) from the main reindonent improve the
ultimate load capacity by (7%-10%) respectively afetrease the max.
Displacement by (24% to 30%) respectively at spatih cm Fig (23).

The foregoing it can be concluded that slab coséjected to torsional

moment produce a tensile stresses at the undeskitie slab (perpendicular
to diagonal) at the same time it subjected to sk&a@sses produce tensile
stresses at the upper side of the slab (paraltibonal), for this reason, steel
reinforcing bars are placed on the tension sidel@se the extreme tension
fiber and resist the tension stresses.
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CRACKS AND CRUSHING

STEP=1
SUB =115
TIME=188.658

R.C SOLID SLAB

AN

APR 23 2009

21:31:48

AN

APR 23 2009
21:26: 05

ELEMENT SOLUTION

STEP=1

SUB =115
TIME=188. 658
151 (HOAVE)
DX =.103105
St =-36000 vl
SME =36000

TITTRLCRL /i -36000
-28000
-20000
-12000

-4000

4000

12000

20000

28000

36000

=3

R.C SOLID SLAB

Fig. (21): Cracking shape for slab (E2)

at failure load for slab (E2) .

.K&R): Yield stress for steel element
at failure load for slab (E2) .

= By Increasing the percent of steel reinforcemeonmfius=0.52% (A2) to
1s=0.67% (A3) the ultimate load carrying capacitpioved from (3.103 t/fm
to 3.338 t/m) by about 7%. From another view it can be seenubiag corner
reinforcement with percent 100% and spacing 14crf) (Enproves the
ultimate load carrying capacity from (3.103 #/ta 3.430 t/r) by about 10%
Fig (24).which means that using corner reinforcement hastteb effect than
increasing the percent of main reinforcement seenfthe economic point of

view.

4.00

3.50

3.00 -

1.50 1 ~El
1.00 —E2
0.50 - ~ A2
0.00 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘

0.00 1.00 2.00 3.00 400 500 6.00 7.00 800 9.00 10.00 11.00 12.00
deflection (cm)

Fig. (23): Load deflection curve for slabs E1, B&d A2.
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%1.50
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- A3
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—E2
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0.00 1.00 2.00 3.00 4.00 500 6.00 7.00 800 9.00 10.00 11.00 12.00
deflection (cm)
Fig. (24): Load deflection curve for slabs A2, ABd E2.
Table (4) the results of parametric study.
% %
GROUP| SLAB | PU i omax 50 decreasd Pcr Py
NO. NO. | t/m2 cm t/m2 | t/m2
Pu 50
Al | 2.363| -23.85%| 8.664 | 0.000 | 0.0% | 1.083| 1.793
A A2 | 3.103| 0.00% | 11.08 | 11.078| 0.0% | 1.083| 2.373

A3 | 3.338| 7.57% | 9.675| 8.180 | -26.2% | 1.103| 2.573

Bl | 2915| -6.04% | 9.050 | 0.000 | 0.0% | 1.180| 2.440
B2 | 3.155| 1.69% | 11.515| 10.967| -1.0% | 1.045| 2.235

Cl | 3.390| 9.26% | 8.606 | 7.088 | -36.0% | 1.045| 2.650
C2 | 2.469| -20.43% | 8.143 | 0.000 | 0.0% | 1.005| 2.119

D1 | 3.188| 2.74% | 10.32 | 9.627 | -13.1% | 1.103| 2.323
D D2 | 3.263| 5.16% | 10.52 | 9.350 | -15.6% | 1.103| 2.483 |
D3 | 3.223| 3.87% | 114 | 9.274| -16.3% | 1.103| 2.303 p.o

- El | 3.326| 7.18% | 11.39 | 8.360 | -24.5% | 1.089 | 2.480
E2 | 3.430| 10.55% | 10.31 | 7.740 | -30.1% 1.089ﬁ

Group (F):
Corner reinforcement effect for rectangular slaimdze deduced as follow:
= Using corner reinforcement with percentage 100%hefmain reinforcement
and spacing 14 cm Increase significantly the sbaldl carrying capacity from (
2.277 to 2.569 t/Aby about 12.82% in case of rectangularity=1.25(A8}he
same time it decrease considerably the slab cedgfidction from [12.081cm,
(F1) to 9.520cm (F3)] at the same load value 2/2¥ty about 21.2%.



1338

Aly G. Aly et al.

When slab rectangularity=1.5 the corner reinforagimeas a considerable
effect on load carrying capacity which increasesnf(1.472 to 1.888t/fjh by
about 28.26%. And decrease central deflection fr@®05cm, (F2) to
6.831cm (F4)] by about 13.6%.
Using corner reinforcement with percentage 100%hefmain reinforcement
and spacing 14 cm Increase the first yield loadhf(@.517 to 1.730t/f) by
about 14.04% for slab rectangularity=1.25.at thmeséime it increase the first
yield load from(1.272 to 1.325tAnby about 4.17% for slab rectangularity =

1.50.
Table (5) the results of parametric study.
% % %
GROUP| SLAB | PU | increasel dmax decreas¢ Pcr Py | increase
NO. NO. | t/m2 Pu cm 60 60 t/m2 | t/m2 Py
F1 |2.277| 0.00% | 12.081 | 12.081| 0.0% |0.857 | 1.517 | 0.0%
F2 |1.472] 0.00% | 7.905 | 7.905| 0.0% |0.744|1.272| 0.0%
s F3 | 2.569|12.82% | 12.777 | 9.520 | 21.2% | 0.854 | 1.730 | 14.04%
F4 | 1.888| 28.26% | 11.553 | 6.831 | 13.6% | 0.761 | 1.325 | 4.17%
3.50
3.00
2.50
N
£ 2.00
8 1.50 - - B2
e
- F1
1.00 — F2
0.50 1 :' - F3
F4
0.00 £ ;

00 10 20 30 40 50 60 70 80 90 100 11.0 12.0 13.0

deflection (cm)

Fig. (4-23): Load deflection curve for group (F).

V- CONCLUSIONS

Several important conclusions have been drawn falegpresented study:
The exsistance of corner reinforcement in R.C slabproves considerably
the structural behaviour of such slabs leadingighér ultimate load carrying
capacity and lower values for deflection.The inseein load carrying capacity
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1.
2.
3.

ranges between (5% to 28%) and the decrease in dedlection ranges
between (13% to 30%) depending on slab rectangylapercentage and
spacing of additional corner reinforcement whicrswaken (43% to 100%) of
the required main steel per meter.

e For both top and bottom corner reinforcement thénapm gain can be

achieved at a percent value 100% of the main reiafoent of the slab, with
spacing between the diagonal corner reinforcemg¢iotmi.

* Increasing the percentage of main reinforcememn f16=0.52% tqus=0.67%

improves the ultimate load carrying capacity bywh. meanwhile it can be
seen that using corner reinforcement with perc&®9d and spacing 14cm
improves the ultimate load carrying capacity bywhi0 %which means that
the economic point of view, using corner reinforeamis beneficial than
increasing the percent of main reinforcement.

* Increasing the margin beam stiffness improves Samitly the ultimate load

carrying capacity by about 20%, and decrease mawicentral defflection by
about 36%.

VI- REFRENCE

The' British Standard Code OF Practice (BSI)
the American concrete institute (ACI-318-02)
Dipl.-Ing.J.Hahn(Structural Analysis of Beams aitabS).

4.Shaker El-Behairy(Reinforced Concrete Design Hao#po ,Ain Shams

5.

University, Sixth Edition,2001.

S. Zhou, D.C. Rizos *, M.F. Petrou (Effects of Sigheicture Flexibility on
Strength of Reinforced Concrete Bridge Decks) Ursiitg of South Carolina, 300
Main Street, Columbia, SC 29208, USA. Aug2Qd3.

. R.Santhakumar and E.Chandrasekaran (Analysis ofofRetd Reinforced

Concrete Shear Beams Using Carbon Fiber Compq&itestronic Journal of
structural Engineering, Anna University, Ind@04.

. Sahah, S.P., Swartz, S.E. and Ouyang, C. (FraMeahanics of Concrete)John

Wily & Sons,Inc. New York;1995.

. Bangash M.Y.H (Concrete and Concrete Structure: &tigal Modeling and

Applications (Elsevier Science Publishers Ltd.,LamdEnglandl989.

. Desayi, P and Krishnan, S (Equation for the St&isain Curve of Concrete

(Journal of the American concrete institute, 613gp-350, Marcti964.

10.Gere, J .M and Timoshenko, S.P.(Mechanics of Ma®RWS publishing

company, Boston , Massachusd#9y.



1340 Aly G. Aly et al.

diaaal) dalual) Lulupdld) Ul Sy dalad) Jdo ol mabad il

i) alanad elldg Lalatl) CalSa pe Sl 2UsiS aieaell el aladia) ) saladl coa
cawaliie}) asljall
Sligraa (o 4d Gy Ll Dl ol pad) (b anlain] Juaiy SLasy) pladl 138 of e
1Y) B Juwm
s o€l aall 8 DU claly] sy e
a3l oS Jleal Glagind o alDll) 5)08 e
AU ST 8 Al ) ) clalea) Bala Al L e Al Claleal) saly
e A A (58 Aasliad GOV (b was pags (Sipe¥) 3585 Alagall 35Sl ol 8813
Al ST Ll
YU il ) 968l g 2
e Lenysi oy dtanaall UL QLS 8 ey 8 agsles alin (iSes Aila) o
(il adl aed) o ddlise
bl Aaslial AU paall Aot (50 0.70 g olat) S (8 4ertiad) panll B JB Y o
- Age pg)e
2V agf 26 S paY) 35S Lol
e L iy atanadl) UL LS 8 cpaladV) b agdley i iS00 dal) o
(sl sl () o e Adlise
Gsle naa L o g ey 8 aggley adin i€l A e sl g iy
Al (glse iy Al el e (ga5ae
dmse psie ol Angliad o P apal) e ol JS (8 Aerdid) pall S JB Y e
LAl L] (e
@) O V) aieiaall UDL ALY bl duhy asii Al luhall e el gay e aislls
C ALl L) bl e Al QIS b bt s 3pagnil s Y ek
toob Caad) 10 (e b)) il (S AF g
UL i) Jaal) 32l calalyly culalega¥) Juls e adadull Gl apaa il Al
bt s ae 4l e (g5 olat) 8 4l 1 8 b dpas alasiuly Glldy L 4taadll
O i L gsdall aaall ApaS Gl aldlllan) Guad G @lldy halll Haall o asee i




" EFFECT OF USING CORNER REINFORCEMENT ON THE....... 1341

Ll Gapa ) Gailly A clalgal daslial dianad) Gl ] aeaty ashy 4l Bl
raglill Jalgal) Hlie¥) 8 32 aecadadl) ()

(%100.%72:%43)4lill uilly alD) (1 & ppaall alaind juuliduly o

(e 7,14,2) S Al OIS 8 aaall oy HaB Al o

cabamall Challl Gacs e il Ay e
ealial) Ayl alasinly adDUll ad) Jeally a1 e (gplaill sl 138 50 Al a3,
Ay Aaludl 4l Al Jias o5 45 ((ANSYS) galin Latins (3DFEM) 3a3al
laai Ll il auas dadai o5 Ly [Eight-node  solid  element(solid  65)]
[three-dimensional spar elemeht(ik8)]

1) o A bl audls -

Laad dacdyall N4

UL oY) Jeal) e e Gmens cpalady) @l WU GG A aas aa m
Ul s e axdlll Jlall e asilil) sl o Jliys
O (& i gyl s s o 423U el Jaall ool s O
(%30) ceducill 138 Zags sl & Jdil) G Jos Wiy (%10) ) s
%435 sl My UL IS 3 il el aal) A Ca Gl
Aansapgie ol daslial U 2asl (5 %100 )
lexysi as %100 & adly gslall Sl G 8 aatiisd) ol Bl 4gll @
.S=14cm JS Glibue e
Y] Jaall 32y (& abDll ola (e Cpunny adadlll adasall lyaSl) Bl 320y @
%36 dasis il wid il e Jliss %20 S Fsnsi
=) Jeall dad 3oy 0.67% N0.52% (pe 4Dl i) pabidl) duns 30y wie ®
bl e %100 Aty iy gsle sy 4l OIS mlud e Lty %74y
B G b ) e e %10 dpty alY) Jesll dad oy aldLll )l
AU a8y Jeall e )8l e Diad asslaBY) anlil) e Juadl



