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Results of an theoretical investigation of the shear strength of reinforced
concrete tee beams made from high strength concrete are summarized in
this paper. In addition to the effect of both flange to web width ratio of tee
beams and compressive strength of the concrete, the effect of other
variables such as shear span to depth ratio, percentage of both tension
steel and web reinforcement were taken into consideration in predicting
shear strength of high strength reinforced concrete tee beams. Finite
element method was used to analyze twenty six beams subjected to two
point static loading. Proposed equation to estimate the shear strength of
the analyzed beams was developed. The predicated shear strengths by the
proposed equation were compared with Zustty, ACI code, Egyptian code.

INTRODUCTION

Egyptian code of practice ECCS 203, [1], estimates the value of ultimate shear
strength as 3.0 N/mm? for the concrete compressive strength greater than 30
MPa,. Also, the Egyptian code considers only the effect of concrete
compressive strength and ignores the effect of all variables that affect the
ultimate shear strength of reinforced concrete beams. The Egyptian code
evaluate the values of cracking and ultimate shear strength of the reinforced
concrete beams having web reinforcement by the following equations:

q, = 0.24\/? N/mm 2 (1)
Fcu 2
q,= 0.70 7 < 3 N/mm (2)
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Where : F¢, cube compressive strength of the concrete.
Yc concrete strength reduction factor.
ger Cracking shear strength
gu ultimate shear strength

The ACI building code [2], based on experimental results of numerous beams
their compressive strength was mostly below 41.0 MPa. Previous works have
shown that the ratio of measured to predicate shear strength using ACI code
equations decreases as the concrete compressive strength increases. ACI code
underestimates the effect of longitudinal steel ratio and shear span to depth
ratio. The ACI code evaluates both the cracking and ultimate shear strength of
the beams in P.S.1. units as follows:

0y =24F, (3)

or:q, = {1.90\/F;+2500pﬂ <350 |JF, (4)
ForR.Cbeamswithoutshearreinforcenent:
q, =(3.5-2.5%) {1.90\/F>;+2500p£} (5)
a
For R.C. beams with shear reinforcement
Qu =0c t Qs (6)

Where: F. cylinder compressive strength of the concrete.
p the percentage of longitudinal reinforcement.
a/d the shear span to depth ratio.

Also, Zsutty [3], proposed the following equations to evaluate both the cracking
and ultimate shear strength of the beams in P.S.1 units:

d

0, =59 (R, /?E)O'33 (7)

g, = 22059(F pdy 2250 (8)
a/d a d
N a

9, 26340 p_) 2250 9)

Based on curve fitting of the results of twenty five High strength reinforced
beams tested under one point static loading Khaled A. M. et-al [4], proposed the
following equations to calculate the cracking shear strength in P.S.1 units:

0, =13653/F,, +583.4p : (10)
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Up to web reinforcement parameter, pw fyw, equal to 5.419 kg/cm?, the ultimate
shear strength calculated by the following equation in P.S.1 units:

OQu = et pw fyw (11)
For beams having web reinforcement parameter bigger than 5.419 kg/cm? the
ultimate shear strength can be calculated from the following equation in P.S.1
units:

q, =0, +(-6.70+1.90p, .f,, -0.086(p,, .f,,)* {/F. (12)

The ultimate concrete shear strength g, can be expected by the following
equations in P.S.I units:

6. =(0.75+1.4%)q. Z <20 (13)
d
d a
. =(030+ 225 )q, 20 <30 (14)

Also, they recommended that for a/d higher or equal 3.0, the ultimate concrete
shear strength v, can be taken equal to cracking shear strength with small error
having a maximum value of 9.0 %.

q.=q,  for £230 (15)

For the purpose of estimating the shear strength of reinforced concrete tee
beams made from high strength concrete twenty six beams were analyzed under
two point static loading, four of them have compressive ranged from 25 to 65
MPA while the remaining twenty two beams have 80 MPa compressive
strength. In this analysis the effect of flange to web width ratio of tee beams
(B/b), concrete compressive strength F¢,, shear span to depth ratio, percentage
of longitudinal tension reinforcement p and percentage of web reinforcement py,
were considered. From the analysis a proposed equations were presented to
predict the shear strength of high strength reinforced concrete tee beams. Also a
comparison is made between the shear strengths calculated by available codes
and equations with that calculated by the proposed equations.

MODELING OF REINFORCED CONCRETE BEAMS BY USING
FINITE ELEMENT ANALYSIS

The eight-nodded solid element will be used in this study to analyze reinforced
concrete beams. The stiffness characteristics of the elements can be determined
using the theorem of minimum potential energy, which results in the following
equation relating the element nodal forces:

{P}=1k]. {A} (16)

Where [K] is the element stiffness matrix and is given by:
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[k1=> [[BI".[D].[BldV (17)

Where [B] is the strain matrix and [D] is the element elasticity matrix.

In the present work, the smeared crack approach with swinging crack direction
associated with a maximum tensile strain criterion is used to simulate the
behavior of elastic concrete element. The cracks are assumed to form when the
principal strain exceeds the maximum tensile strain of concrete. The three-
dimensional eight-nodded isoparametric solid element shown in Fig. (1) has
eight nodes located at the corners and has three degrees of freedom at each
node. The linear shape functions defining the geometry and variation of
displacements within the element can be given in the form:

N, :%(1+r r)(L+s s;))(1+tt,) (18)

Where:
r, s and t are the natural coordinates.
ri, Si and t; are the values of natural coordinates for node (i) as shown in
Fig. (1).
Y
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Fig.(1): Eight nodded isoparametric solid element and node numbering

The geometry of the element is described as:

X . X;
y :ZNi Yi (19)
z| 7|z
where X;, yi and z; are the global coordinates of node (i). The relationship
between the derivatives of functions in the natural coordinates (r, s, t) and the
derivatives in Cartesian (global) coordinates (x , y z) can be established by
evaluating the Jacopian [J]. The eight nodded solid element shown in Fig. (2),
consists of eight nodes at its corners, each node has three displacements u, v
and w in directions x, y and z respectively. The shape function for
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displacements at any point within the element is assumed to be linear function
in X, y and z and given in the form:

u=mtopXx+togytoz+toas Xytogyz+torzx+oagXyz (20-a)
V=gt oo X topnytonpztog Xytagyztauszx+aesXyz (20-b)

W= 017t 04g X T 0oy T 020 Z T 021 XY T O Y ZT023ZX T 0aXYZ (20-C)

Where X, y and z are the co-ordinates of the point within the element, and oy,
ay...0p4 are some factors. Assuming that nodal displacements are known and
defined by the following vector {6} where:

{0}={uy, VT1, W1, Ug, V2, Wy, U3, V3, W3, Us, V4, Wa, Us, Vs, Ws, Us, Vs, We, U, V7, W7,
Ug, Vs, Wg} (21)

Y

Fia. (2): 8- solid element and node numberina

And substituting in Eqn. (20) for the element nodal point, it can be obtained
that:

{8} =[Al {0} (22)

Where, [A] is a matrix of size 24x24 representing the coefficients resulting
from the substitution of coordinates x, y and z for the different nodal points of
the element in Eqn. (20), {a} is an unknown vector can be determined from the
relation

{a} = [A]%.{8} (22)

Then, the strain at any point in the element can be given as a function of the
nodal displacements, {6} as follows:
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€ = [H].{a}=[H].[A"] {5}=[B].{5} (23)

Therefore [B] is a matrix of 6x24 relating the strain vector {&} at any point
within the element to the nodal displacement vector {3}, using Castigliano’s
first theorem, the element stiffness matrix [K] is defined for elastic isotropic
element in three dimensions as:

cba
[K1=[[B]".[D] .[Bldv =[A™]" [ [ [[H]".[D].[H] dx dy dz .[A"] (24)
v —Cc—b-a
Where 2a, 2b and 2c are the dimensions of the element in x, y and z directions
respectively. The derivation of the stiffness matrix is the same for either
cracked or uncracked element, the only difference between the two cases are the
choosing of the elasticity matrix [D]. For the cracked element either the secant
stiffness matrix or the tangential stiffness matrix is used, where the secant
stiffness matrix is given in the form:

cbha
[KJ=[A"]" [ [ [[HI".[D,].H] dx dy dz .[A"] (25)
—c-b-a
and the tangential stiffness matrix is given in form:

chba

[K,J=[A"]" [ [ [[H]".[D,].[H] dx dy dz [A"] (26)
° A
2]
Gy /’/E:/’
Es
|
de de e
de

Fig. (3): Stress-strain relationship for bar member of elasto-plastic material.

ELASTO-PLASTIC STIFFNESS MATRIX OF
THE BAR MEMBER

The stress- strain relationship for a bar element of elasto-plastic material is
shown in Fig. (3). the bar element initially deforms elastically with axial
rigidity EsAp, until the yield stress, where Es, Ap are young’s modules of
elasticity of steel and the cross sectional area of the bar. By increasing the load
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further, the material is assumed to exhibit linear strain-hardening characteristics
by the tangential modules E;. At some stage after initial yielding, consider a
further load application resulting in an incremental increase of normal force
accompanied by a change of axial strain de. Assuming that the axial strain de
can be separated into elastic and plastic components, so that

de = deet+ degp (27)
The strain hardening parameter h is defined as:
he de do  E (28)

de, de-ds, 1-E, /e

p
And the tangent modulus E; can be given as:

E
E,=E (1-— 29
t S ( ES + h) ( )
The bar stiffness matrix can be written in the finite element form as:
0
[K.]1=[[BI"[DI[B] dv = A, [[B]"[D][B] dx (30)
\ 0
Where for linear axial displacement, [D] =Es And: [B] :{—% ﬂ

Where /7 is the length of the bar.

MECHANICAL BEHAVIOR OF CONCRETE UNDER
STATIC LOADING

For concrete in uni-axial compression, the following equation of Nilson [5] is
used:

fo E, (31)

1+(R+R. -2) £ —2R-1)(5)2 +R(Z)?
g &, g
Where: f = stress at strain e,

fs = failure stress at failure strain e¢

€o = Strain corresponding to maximum stress f,,

E = the initial tangent modulus,

0o (0]

Ee = the secant modulus =—, Rg = —, Ry =2, R =& and
&

f E f
R = w _i
(Re _1)2 Re
Equation (31) is plotted in Fig. (4). For particular concrete, is differentiated
with respect to strain to obtain the instantaneous tangent modulus as a function
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of concrete strain. For concrete in uni-axial tension, it assumed that linear
behavior is obtained up to failure.

5000
g =
8 4000
et
>
(5]
=
% 3000 /
o
§ / ‘( E,

& €42 € \3
2000 / 1+(R+RE—2)8—0—(2R—1)(8—0) +R(g—0) |
1000 ‘
0 0.001 0.002
Unit strain ¢

Fig. (4): compressive stress-strain curve for concrete

Vecchio [6] developed a nonlinear finite element procedure to predict the
response of reinforced concrete membrane elements based on a secant stiffness
formulation. The stress in the concrete and reinforcement are determined from
the strains according to the modified compression field theory. The principal
compressive stress in the concrete F is:

e

Fc?_8
0.8-0.34¢/¢,

F.o=F, %

c Cmax

(32)

Where:  Femax=

STRESS-STRAIN CURVE FOR LOW, NORMAL AND
HIGH STRENGTH CONCRETE:

Fig.(5) illustrate the stress-strain relationship for the homogeneous material
under tension. The behavior of concrete is completely different from that of the
brittle homogeneous material; the residual strain of the concrete is due to
cracked formation. The stress-strain curve for concrete of low, normal and high
strength have the same shape. In Fig. (6) a high strength concrete behaves in a
linear fashion to a relatively higher level than the low strength concrete. This
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because the high quality concrete has no micro cracks up to a close value to the
maximum stress. However, the low quality concrete is subjected to micro crack

formation even at low stress level, [7] and [8].
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Fig. (5): Typical stress-strain curve for
homogeneous materials,[4].

. Strain
Fig.(6): Complete compressive stress
strain curve of concrete.

VERIFICATION OF THE USED COMPUTER PROGRAM

The prepared program allows the use of only the 8-nodded solid isoparametric
element and one bar element to simulate the concrete and the reinforced steel
respectively. The accuracy of the used computer program is checked by
comparing the results of shear strength of the beams that tested experimentally
by M. Hashem, [9] and Khaled et-al [4], and the same beams that analyzed
theoretically by using (R.C.32) program,[2]. Table (1) presents the comparison
between the shear strength calculated by the used program and the experimental
results of M. Hashem, [9] and Khaled et-al [4].
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Table (1) Comparison between the experimental results and the computer
program results

Ref. | Beam | a/d B/b | Span Fe Ultimate shear (ton) A
No. Cm. MPa EXp. Theo. %
Bl 2 1 105 20 23.85 25.79 -8.13
[9] B3 2 2 105 20 31.20 33.79 -8.30
C1 3 1 160 20 18.08 18.72 -3.54
C3 3 2.75 | 140 20 28.70 30.79 -7.28
A5 2 1 151 32.5 23.89 22.76 4.96
[4] A3 2 1 151 80 32.80 31.40 4.27
El 2 3 151 32.5 30.40 29.00 4.61
E2 2 3 151 85 43.90 42.00 4.33

From this table it is clear that the accuracy and efficiency of the computer
program was accepted.

ANALYZED PROGRAM

Twenty-six reinforced concrete beams were analyzed by using (R.C.32)
program,[2], twenty-two of them have high compressive strength of 80 MPa
and the remaining four have 25, 35, 50 and 65 MPa compressive strength.
These beams were arranged in four groups (A, B, C, and D). Complete details
for the tested beams are presented in Table 1 and Fig. 7 shows the details of the
analyzed beams. The web reinforcement ratio was changed through changing
the diameters of the stirrups and the spacing between stirrups was kept constant
equal to 20 cm. The used stirrups bars are 6, 8 and 10 mm diameter. The web
reinforcement ratios considered in this study are changed from 0 to 0.524 %.
All web reinforcements were mild steel of grade (St. 24/35), with 240 N/mm?
yield strength and 360 N/mm? ultimate strength. The strain of concrete at the
ultimate stress is assumed equals to 0.003. The effect of longitudinal
reinforcement ratios were studied through changing the diameter of tension
reinforcement bar as: 3 @ 24, 3 @ 20, 3 @ 16 and 3 @ 12. The beams were
reinforced with percentage of tension reinforcement (p) as 2.92 %, 2.04 %, 1.30
% and 0.73 %. All the longitudinal reinforcements were high tensile steel of
grade (360/520), with 360 N/mm? vyield strength and 520 N/mm? ultimate
strength.
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Table (2) Details of the analyzed beams

Group Beam ad | B/b L. (cm) Stirrups Main steel | Fcog (MPa)
AL 1 3 93 508 3024 800
AL, 2 3 186 508 3024 800
AL 3 3 279 508 3024 800
AL, 4 3 372 508 3024 800
A A2-2 2 3 186 508 3024 250
Ass 2 3 186 508 3024 350
Ass 2 3 186 508 3024 500
Ass 2 3 186 508 3024 650
Bi1 2 1 186 508 3024 800
B2 2 2 186 508 3024 800
Bis 2 4 186 508 3024 800
B Bis 4 1 372 508 3024 800
Bis 4 2 372 508 3024 800
Bie 4 4 372 508 3024 800
Cis 2 3 186 NO 3024 800
Ciz 2 3 186 506 3024 800
Cis 2 3 186 5@ 10 3024 800
C Cia 4 3 372 NO 3024 800
Cis 4 3 372 506 3024 800
Cio 4 3 372 5@ 10 3024 800
D1 2 3 186 508 3020 800
D1 2 3 186 508 3016 800
D1 2 3 186 508 3012 800
D D1 4 3 372 508 3020 800
Dis 4 3 372 508 3016 800
Dis 4 3 372 508 3012 800
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The modulus of elasticity of concrete depends on its compressive strength, and
its value is calculated by using the Egyptian code ECCS203-2001, [1], for
normal grade of compressive strength concrete of 25 N/mm? and 35 N/mm?.
While for high compressive strength concrete 50, 65 and 80 N/mm?, the
modulus of elasticity is calculated using the following equation:

Ec=3320,/F., +6900 N/mn?. (33)
- 30 -
3514 b - - 3 ,? 14
‘ f 2810
i
J 324 Vo 324
-—15 —= -—15—
a) Rectangular cross section B/b = 1 b) T — section with B/b = 2
45 60
4o ¥ 3414 4 ¥ * 3214
= } S +
i 2410 ‘ X 4210
| J 3424 J 3824
=5 —= 25—
c) T — section with B/b = 3 d) T — section with B/b = 4
Fig. (7-b): Cross sections of the analyzed beams.
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Fig. (8): Details of the analyzed beams.
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RESULTS AND DISCUSSION
PATTERNS OF CRACKS AND MODES OF FAILURE

For both short and slender beams, firstly in beams having rectangular cross
section there is a diagonal crack was formed clearly along the total depth of the
beam, but in T-section beams the diagonal crack formed along the beam web
only and don’t subsist to the flange. The width and the length of the diagonal
crack depend on the width of the flange as shown in Fig (9). The width and the
length of the diagonal crack depend on the width of the flange. The width and
the length of the diagonal crack depends on the width of the flange, also another
vertical cracks is formed at the midspan of slender beams only, as shown in Fig

9).

Presence of stirrups has a considerable effect on pattern of cracks and the final
mode of failure. The importance of stirrups already appeared when the first
inclined crack occurred, that as the crack opens, the stirrups help to contain the
crack, limiting its propagation and keeping its width smaller than beams
without stirrups. Another secondary diagonal cracks formed approximately
parallel to the direction of the first inclined crack. The amount of longitudinal
steel ratio has slight effect on final mode of failure as the longitudinal steel ratio
increases, the number of cracks decreases and hence affects the inclination of
the main crack. The concrete compressive strength has a considerable effect on
pattern of cracks, especially for beams having higher longitudinal steel ratios.
For beams made from high-strength concrete, several flexural cracks developed
than that for beams made from normal strength concrete. The inclination of the
main crack does not affect by the concrete strength. Presence of beam flange
has a considerable effect on pattern of cracks and the final mode of failure,
especially for beams made from high-strength concrete and having small values
of a/d ratio.
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Fig.(9): Pattern of cracks of beams of group A.

CRACKING SHEAR STRENGTH

The cracking shear strength is defined as the shear stress at the time when the
critical diagonal crack formed any where along the span. The value of cracking
shear strength is expressed in terms of nominal cracking shear stress gcr, which
given by as following:

QCF

= od (34)

qCI‘

The values of the evaluated cracking shear strength for the analyzed beams are
given in table (3). Investigation of table (3) show that, beams having small
values of a/d ratios having higher values of cracking shear strength than that
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having higher values of a/d ratios, this result agree with [4], [9]. For short
beams the a/d ratios is more effective in cracking shear strength than other
variables. The cracking shear strength decreases as a/d ratio increases. This is
because large values of a/d means high values of bending moment in shear
span, thus the depth of penetration of flexural cracks increases, and hence the
flexural stresses near the crack tip increase. By increasing a/d, the probability
grows that a flexural crack will develop clearly. The cracking shear strength of
beams having a/d ratios equals to 1.00 is 1.91 times of the cracking shear
strength of beams having a/d =4.0.

The results show that, beams having high flange to web width ratio, have higher
values of cracking shear strength than beams having low B/b ratios or beams
having rectangular cross section. The flange to web width ratio have
considerable effect on the cracking shear strength of slender beams and a slight
effect on cracking shear strength of short beams.

Generally, increasing tension steel ratio increases cracking shear strength. It is
clear that, for short high strength concrete T-beams, increasing tension steel
ratio from 0.73 % to 2.92 % increases the cracking shear strength by 15.0 %.
Also, for slender high strength T-beams, increasing of tension steel ratio from
0.73 % to 2.92 % increases the cracking shear strength by 5.10 %. The
longitudinal steel ratio has a pronounced effect on the basic shear transfer
mechanisms.

As the concrete compressive strength increases, the cracking shear strength of
the analyzed beams increases. Increase of concrete compressive strength for T-
beams having B/b equals to 3.00 from 25 to 80 MPa, increasing the cracking
shear strength by 56.51 % for a/d ratio equals to 2.0. Concrete compressive
strength is more effective for slender beams than that short beams. The cracking
shear strength decreases slightly as a/d increases from 1.00 to 3.00, and
increased sharply as a/d increased from 3.00 to 4.00. The increas in cracking
shear strength of slender T-beams made from high strength concrete, (a/d = 4,
Fcos = 80) was the highest one due to the fact that, the area of compression zone
was higher because the high strength concrete beams was under reinforced
sections. From table (3), it appears that the stirrups have no effect on cracking
shear strength for high strength concrete for both slender and short beams.
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Table (3): Cracking and ultimate shear strength of analyzed beams

Beam ald [Bb| p% Pw-Fyw Feos Qer Qu Mode of
MPa | kg/cm? | kglem® | failure
A1 1 3 2.92 8.04 80 9.89 41.6 D.T
Ao 2 3 2.92 8.04 80 8.17 38.36 D.T
AVES 3 3 2.92 8.04 80 6.37 28.42 S.C
Ay 4 3 2.92 8.04 80 5.18 21.35 F.T
Az, 2 3 2.92 8.04 25 5.02 25.67 D.T
Az 2 3 2.92 8.04 35 6.9 29.00 D.T
Az 2 3 2.92 8.04 50 7.6 315 D.T
Azs 2 3 2.92 8.04 65 7.8 34.2 D.T
Bi1 2 1 2.92 8.04 80 7.16 30.53 S.C
Bi2 2 2 2.92 8.04 80 7.56 37.62 S.C
Bis 2 4 2.92 8.04 80 8.45 41.26 S.C
Bi4 4 1 2.92 8.04 80 3.13 17.60 S.C
Bis 4 2 2.92 8.04 80 4.10 20.70 F.T
Bis 4 4 2.92 8.04 80 5.43 22.00 F.t
Cia 2 3 2.92 0.00 80 8.10 31.40 S.C
Cio 2 3 2.92 451 80 8.16 37.16 S.C
Cis 2 3 2.92 12.55 80 8.16 39.20 S.C
Cia 4 3 2.92 0.00 80 5.07 19.24 S.C
Cis 4 3 2.92 451 80 5.13 20.51 F.T
Cis 4 3 2.92 12.55 80 5.22 21.71 F.T
D11 2 3 2.04 8.04 80 7.74 37.80 S.C
Dio 2 3 1.30 8.04 80 7.32 35.60 S.C
D13 2 3 0.73 8.04 80 7.10 35.30 S.C
D14 4 3 2.04 8.04 80 5.06 20.81 S.C
Dis 4 3 1.30 8.04 80 4.97 20.33 S.C
Disg 4 3 0.73 8.04 80 4.93 19.36 F.T

ULTIMATE SHEAR STRENGTH

The ultimate shear strength means the maximum value of shear stress that can
be sustained by the beam cross-section. The value of ultimate shear strength
conventionally expressed in terms of nominal ultimate shear stress v,, which is

qy

given by:

_Q
bd

(35)
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The results of ultimate shear strength of the analyzed beams are presented in
table (3). From this table it is appears that the ultimate shear strength of the
analyzed beams depend on the studied variables. The ultimate shear strength
decreases as a/d ratio increases high strength concrete beams. For short and
deep beams, there is significant reserve strength after inclined cracking due to
arch action. It is appears that, as the shear span to depth ratio increases from
1.00 to 2.00 the ultimate shear strength decreases by 7.8 %. The ultimate shear
strength decreases by 24.14 %, as the shear span to depth ratio increases from
3.00 to 4.00 in high strength concrete. The ultimate shear strength of short
beams, a/d = 1.0, was 1.95 times the ultimate shear strength of slender beams,
a/d = 4.0, made from high strength concrete.

The beams having high flange to web width ratios have higher values of
ultimate shear strength than beams having low ratios or beams having
rectangular cross section this increases is due to shear force carried by flange
area. For short beams increasing of flange to web width ratio from 1.00 to 2.00,
is increasing the ultimate shear strength by 11.25 %. Also, for slender beams
increasing of flange to web width ratio from 1.00 to 2.00 is increasing of the
ultimate shear strength 17.6 %.

For short beams as flange to web width ratio increases from 3.00 to 4.00, the
ultimate shear strength increases by 7.6 %. Also, for slender beams as flange to
web width ratio increases from 3.00 to 4.00, the ultimate shear strength
increases by slightly by 3.04 %. This leads us to conclude that, B/b has a slight
effect on ultimate shear strength for short beams. But otherwise, the flange to
web width ratio, B/b, has a clear effect on ultimate shear strength in slender
beams.

It was noticed that increasing the longitudinal steel ratio tends to increase the
ultimate shear strength of the analyzed beams. For short T-beams, increasing of
tension steel ratio from 0.73 % to 2.92 % is increasing the ultimate shear
strength by 8.7 % for high strength concrete T-beams. Also, for slender T-
beams, increasing of tension steel ratio from 0.73 % to 2.92 % increasing the
ultimate shear strength by 10.28 %. The increasing of shear stresses due to
increasing longitudinal steel ratio, because of, as the area of tension steel
increases, the natural axis moves toward the steel, hence the area of
compression zone increases, and then, the shear force carried by it increases.

In generally the ultimate shear strength of the analyzed beams increased as the
concrete compressive strength increased. Increasing concrete compressive
strength from 25 to 80 MPa, increasing the ultimate shear strength by 31.8 %,
49.4 %, 61.84 % and 59.3 % for a/d ratios of 1.00, 2.00, 3.00 and 4.00
respectively, for T-beams of B/b equals to 3.00. Concrete compressive strength
is more effective for beams having high a/d ratios than that having low ratios of
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a/d. Concrete compressive strength is more effective than shear span to depth
ratio in resisting shear stresses.

Investigation of table (3) show that the ultimate shear strength of beams having
web reinforcement is higher than those without web reinforcement and the
shear strength is increasing as the web reinforcement parameter increases. As
the web reinforcement parameter increased from zero to 12.55 kg/cm?, the
ultimate shear strength increased by 24.84% and 12.80% for short and slender
T-beams respectively. It is clearly that stirrups not only carry shear themselves
but also enhance the strength of the other shear transfer mechanisms. The
stirrups provide support for the longitudinal steel and prevent the bars from
splitting from the surrounding concrete, at the same time, the stirrups held to
contain the crack, limiting its propagation and keeping its width small. Stirrups
also increase the strength of compression concrete by providing confinement.
Although stirrups don’t affect the diagonal cracking load, they enhance the
concrete contribution by increasing the capacity of the different shear transfer
mechanism.

PROPOSED EQUATION FOR ESTIMATING SHEAR
STRENGTH FOR R.C. T-BEAMS

EQUATIONS FOR CRACKING SHEAR STRENGTH

The examination of the cracking shear strength indicates that, the shearing
stresses at cracking level depends mainly on shear span to depth ratio, a/d,
percentage of main steel ratio, p, and flange to web width ratio, B/b, for a
certain grade of concrete.

The obtained values of initial cracking shear stress, are statistically treated
using the available data and may be best fitted and writen as the following form
in S.1 unites:

4, = 36.18x pxS+0.715x3[F %sz (36)
q, =1413x/p xS? + 04x3[F, 2<%g4 37)

The values of cracking shear strength by using above equations are represented
in Fig. (10), in addition to the results of cracking shear strength.
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Fig. (10): The relationship between Fig. (11): The relationship between
cracking values of shear strength of ultimate values of shear strength of
analyzed beams and that estimated by analyzed beams and that estimated by

eans. (35) and (36). ean. (37) to (39).

EQUATIONS FOR ULTIMATE SHEAR STRENGTH:

Also, the examination of the values of ultimate shear strength of the analyzed
T-beams indicates that, the ultimate shearing stresses depends mainly on web
reinforcement factor, shear span to depth ratio, percentage of main steel ratio,
and flange to web width ratio for certain grade of concrete. The obtained values
of ultimate shear stress, are statistically treated using the available data and may
be best fitted and written as the following form:

FOR BEAMS WITH WEB REINFORCEMENT:

d B a

q, :qcr+2.08x(100p+g+5)+0.212x [P -F % Fiog HSZ (38)
d B a

d, :qcr+1-92X(1OOP+*+E)+0-0785XPW-FWVX3 Fo 2<a£4 (39)
a

FOR BEAMS WITHOUT WEB REINFORCEMENT:

g, =0, +95.47x4/F 4 —39.68xSxp (40)
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The values of ultimate shear strength by using above equations in addition to
the results of ultimate shear strength are represented in Fig. (11).

COMPARISON OF SHEAR STRENGTH OF THE TESTED
BEAMS WITH SOME AVAILABLE AND
IMPORTANT EQUATIONS

Many equations have bean derived for calculating the cracking and ultimate
shear strength in reinforced concrete beams. A comparison between the
predicated values of shear strength by using the proposed equations and those
proposed in ACl-code, Zsutty’® equation, and Egyptian code equations are
presented.

Cracking Shear Strength

Egyptian Code Equations

The cracking value of shear strength for T-beams having different grades of
concrete compressive strength can be given by equation (1). It is appears that in
this equation the cracking shear strength is depending on concrete compressive
strength only.

Ultimate Shear Strength

American Concrete Institute

In the ACI. Code, the value of ultimate shear strength, g, is calculated from
equations (5) and (6).

Zsutty’s Equation:

Zsutty derived equations (8) and (9) for predicting the ultimate shear strength,
Qu-

Egyptian Code Equation

In the ECCS 203-2001 Code, the value of ultimate shear strength, qu, is
calculated from equation (2). The obtained values of g, from proposed equation
and predicted values by ACI Code and Zsutty’s equations are given in table (4)
and Fig. (11). Also compression between the different values of the ultimate
cracking shear strength, gy is presented in the same table.

From table (4) and Figs. (11), its appears that ACI. Code equation is
conservative for most values that it underestimates the importance of both shear
spane to depth ratio, and longitudinal steel ratio, flange to web width ratio.
Also, it can notice that Zsutty’s equations describe ultimate shear strength for
the test results with the maximum error for low values of concrete compressive
strength about 4.29 %. Comparing the test results by the predicted results by
ECCS 203, equations. It is appears that ECCS 203 equation dose not estimated
the ultimate shear strength that it has a constant value of ultimate shear strength
equals 28.4 Kg/cm? for beams having Fes equals to 250 Kg/cm?.

The ECCS 203, Code equation not take into consideration the effect of shear
span to depth ratio, a/d, longitudinal steel ratio, p, flange to web width ratio,
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B/b, in additional to this equation not to be virtuous to beams made from high
strength concrete.
Table (4): Comparison between ultimate shear strength obtained by the
proposed equation and that obtained by available equations and codes

Beam

Ultimate shear stress kg/cm?

No. Qu testdAci Gu Vuean/Qu
Test ACI Zsutty Egn. 3.4 test/Uzsutty test
Ay 41.6 2276 - 41.161 1.83 - 1.011
A, 38.36 2251 37.02 38.538 1.70 1.04 0.995
Ais 28.42 22 42 28.3 23.998 1.27 1.00 1.184
Avs 21.35 2238 26.45 22.787 0.95 0.81 0.937
A 31.56 16.48 - 29.497 1.92 - 1.070
Ass 25.67 16.22 27.71 25.904 1.58 0.93 0.991
Ass 29.00 1768 30.04 29.867 1.64 0.97 0.971
As 315 19.52 32.82 34.018 161 0.96 0.926
Ass 34.2 2110 35.08 36.419 1.62 0.97 0.939
Bi 30.53 2251 37.02 33.329 1.36 0.82 0.916
B 37.62 2251 37.02 35.934 1.67 1.02 1.047
Bis 41.26 2251 37.02 41.143 1.83 111 1.003
B 176 2238 26.45 17.736 0.79 0.67 0.992
Bys 20.7 2238 26.45 20 111 0.93 0.78 1029
Bus 22 22.38 26.45 25.765 0.98 0.83 0.854
Ci 31.4 1451 28.98 30.239 2.16 1.08 1.038
(o 37.16 19.02 33.49 34.277 1.95 111 1.084
Cis 39.2 27.07 41.53 42.776 1.45 0.94 0.916
Cis 19.24 14.38 18.41 20.257 1.34 1.05 0.950
Cis 20.51 18.89 22.92 20.216 1.09 0.89 1.015
Cis 21.71 26.94 30.96 26.075 0.81 0.70 0.833
Dys 37.8 22.43 33.76 36.234 1.69 1.12 1.043
D1 35.6 22.36 30.17 34.296 1.59 1.18 1.038
Dis 35.3 22.31 26.21 32.777 1.58 1.35 1.077
Dia 20.81 22.34 24.37 20.873 0.93 0.85 0.997
Dis 20.33 22.31 22.10 19.222 0.91 0.92 1.058
Dig 19.36 22.28 19.58 17.875 0.87 0.99 1.083
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CONCLUSION

1- The final mode of, initial cracking and ultimate shear strength of high
strength concrete T-beams are mainly affected by shear span to depth ratio,
flange to web width ratio, longitudinal steel ratio, and concrete
compressive strength.

2- Web reinforcement has no effect on the cracking shear strength of T-beams
made from high strength concrete.

3- For T-beams failing in shear, the value of cracking shear strength, gcr, in S.1
unites can predicted using the following equations:

q, =36.18xpxS+0.715x3/F,, %g 2
Q. =1.413x/p xS? +0.4x3[F.,, 2<%g4
Where S is dimension less factor = (d/a) x(B/b)
d B a
d, =0, +2.08><(100p+—+6)+0.212><,/pW.wa X F ag 2
a

4- Ultimate shear strength of reinforced concrete T-beams is directly
proportional to cracking shear strength and web reinforcement factor.

5- For T-beams that failing in shear under static loading, the value of
ultimate shear strength in S.I. units can predicted using the following
equations:

For beams with web reinforcement :

<4

q, =0, +1.92x (100p+g+%) +0.0785xp,,.F,, x3/F 2<

For beams without web reinforcement:

q, =09, +5.47x4/F 4 —39.68xSxp

6- The values of ultimate shear strength of analyzed beams show
remarkable difference in comparison with the corresponding
recommended values given in the ACI. Code equation.

7- The predicted values of ultimate shear strength by Zsutty’s equation
slightly agree with that achieved by analyzed beams.

8- The values of cracking and ultimate shear strength of analyzed beams
show disagreement with the corresponding values of adopted values of
Egyptian code equations.



PREDICTION OF SHEAR STRENGTH OF HIGH....

o1

[1]
[2]

[3]
[4]

[5]

[6]

[7]

[8]
[9]
[10]

[11]

[12]

[13]

[14]

[15]

REFERENCES

Egyptian code of concrete practice, 2001.

M. H. Mansour, “Structural Analysis of R.C. Beams In Three
Dimensions”, M. Sc., Thesis, Assiut University, Egypt, 1999

ACI manual of concrete practice, 1994.

Zsutty T., (1971), “Shear strength prediction for separate categories
of simple beam tests ACI Journal Vol. 68, No. 2, February.

Khaled A. Mahmoud, Kamal A. Assaf, Yehia H. Hassanean and A.
Megahid "predectiqn of shear strength of high strength reinforced
concrete tee beams.

Nilson, A.H., “Nonlinear Analysis of Reinforced Concrete bythe
Finite Element Method”, ACI Journal Vol. 65 No. 757-766,
September 1968.

Vechio, F. J., “Nonlinear Finite Element Analysis of Reinforced
Concrete Members”, ACI Structural Journal, Vol. 86, No. 4,
January-February 1989.

Aly A.G. and Soghair, H.M., “Analysis of R.C. Beams”, Eng., Res.
Journal, Vol. 48, May 1996.

Chen, W. “Plasticity in Reinforced Concrete”, MC. Graw-Hill Bock
Co. 1982.

M. M. Hashem, “Shear Response of Reinforced Concrete T-Beams
to Static and Repeated Loads” M. Sc., Thesis, Assiut University,
Egypt, 1979.

Kamal A. Assaf, (1986) The "Behavior of R.C. beams of L-Section
under static and repeated loads M.Sc. Assiut University.

Kim J. K. and Park Y. D., (1994), "Shear strength of reinforced high
strength concrete
beams without web reinforcement ~ Magazine of concrete research,
Vol. 46, No. 166, March.

Salandra M. A. and Ahmed S. H., (1989), Shear capacity of
reinforced concrete lightweight high strength concrete beams ACI
journal, Vol. 86, No. 6, November-December.

Sung-Woo S. Kwang-Soo L. Jung-Moon and S. K. Ghosh, (1999),
“Shear strength of reinforced high strength concrete beams with
shear span to depth ratio between 1.50 and 2.50 ACI Journal Vol.
96, No. 5, July-August.

Yoon, Y. S., Cook W. D. and Mitchell D., (1996), "Minimum shear
reinforcement in normal, medium and high strength concrete
beams ACI Journal Vol. 93, No. 5, September-October.



52 Eng. Khaled Abdelsamee, Dr. Mhamoud Hosni, Dr. Yehia A. Hassanean & Prof. Housni M. Sogier

[16] Zhang J. P., (1997), “Diagonal cracking and shear strength of
reinforced concrete beams Magazine of concrete research, Vol. 49,
No. 178, March.
Alad) dagliall cild Aalical) AuluAd) el (all) ol
iSO Jlal) il cad T dia J8i o adale il

1 el adll daglin aady 5iill Y alas bliiul sa Guaddl 138 (e (iayal)
£l 138 sl il Aty Gaill (g58 cana Sl Gl T cipa IS e adaie
Jlaalyl il cas el 2 gl oda Ao 25V Jalgall 550 5 el o
p Sy
Bl Jladll Gaad) ) i) pay gmdas =
PP\ | o G R BN R
Aol pall baall daglas —
coalll plid pos s =
Cim (S e oo il el i giall Gmpe U A0 Gage das —
T
Al A0)lEa Al (Aniluyd e gy plic s Ahu HLEAY Baganall paliall 4yyla1 Crardsinl
ial e gadll 558 50 caat el sda gl )yl il Al Jodas a3
oi Ailent pad Juas aalls gyl Joas ards Hlagd) jydag st ziga
e pdaie <) Sl (il apd Glual eV alae Lbiiu) Load a3 LS Lyl
Aaglia asd ae Y alaall 63gn A gunall (all) daglia ol A5jlee a3 3 T Cayn S5
Spa¥) 25805 ECCS 203-2001 g pmall 2581 (e S alasinly 4 sunall il
Zsutty Aales s ACI



	Dr.  Yehia A. Hassanean
	Prof. Housni M. Sogier
	RESULTS AND DISCUSSION

	CONCLUSION

