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Abstract

This work aims at studying the behavior of concrete T-beams in shear,
and comparing this work with existing codes.

Forty two T-beams, obtained from the literature, have been studied in
this work-32 with stirrups and 10 without. All these beams, with their
flanges and part of their stems in compression (i.e. acting truly as T-
beams), failed in shear. Existing codes '™ do not give any additional
strength estimation due to the presence of the flange.

Regression analysis led to a proposed design equation for T-beams. To
examine the accuracy of the proposed method and the existing methods,
statistical analysis [Standard Deviation (SD) and Coefficient of
Variation (COV)] of shear failure strength to predicted design value are
used, The proposed method gives lower SD and COV values which are
0.194 and 13.79% respectively comparing with the best values of BS
method which are 0.358 and 20.58%.

Keywords: Longitudinal steel ratio p,, reinforced concrete, T-beams, web
reinforcement, shear design.
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Notation
a Shear spar, distance between concentrated load and face of support,
mm

by Flange width, mm
by, Web width, mm

COV Coefficient of variation of (Ve / Vicare)

d Distance from exlreme

compression fiber to centroid of

longitudinal tension reinforcement, mm
f.  Specified compression strength of concrete, MPa

S, Specified yield strength of reinforcement, MPa
M,  Factored moment al section considered, N.mm

SD  Standard deviation

V. Nominal shear strength provided by concrete, N

Ve Nominal shear strength , N

Shear resistance calculated by ACI-02 method (referencel),N
Shear resistance calculated by BS-85 method (reference 2),N
Shear resistance calculated by NZ-82 method (reference 3), N

Shear resistance calculated by CAN-84 method(referenced), N

Shear resistance calculated by the proposed method, N

V.  Nominal shear strength provided by stirrups, N

; Mean value of I:Vmul'r \"rr-cgj:_}

% Factored shear force at section considered, N

£,  Ratio of vertical shear rein- forcement

2.  Ratio of tension reinforcement

Introduction
In practice there may exist beams
that carry concentrated loads

applied at distances far from their
supports. With these beams there
may be a situation where both
shear and bending moment are
high. When these beams are T-
beams, a requirement is needed for
design of these beams where both
shear and bending are high.

Al present, no design code is
available that takes into accoum
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the shear capacity of T-beams with
high positive bending moments
where the flange is in compression.
This is evident from references (1-
4),

Research Significance

The paper reviews the shear
design based on 4-code methods:
Acro2, Bs-85%, Nz® and
CAN™, all of which show no
strength contribution from the
flange on the compression side.



Eng & Technology, Vol. 24, No.9, 2005

The 42 tests of T-beams failing in
shear are used to evaluate these 4
methods. A  proposed simple
design method, which is based on
a regression analysis, is
introduced.

Experimental Results

All available tests of shear
failure of flanged beams obtained
from the literature are used in this

work. Table (1) gives the range of

variables of these 42 flanged
beams-32 of which are with
stirrups. These variables are;
compressive strength of concrete
f¢' . shear span to depth ratio a/d,

width ratio bsb,, ratio of tension
reinforcement p, and nominal
stirrup strength p./,. These beams
are obtained from references (5-7).

Evaluation of Experimental
Results Existing Shear Design
Egquations:

The following 4  existing
methods considered in this work
are applied to the experimental
results of flanged beams failing in
shear!"™,

To compare between design
methods, shear resistance V...
m’ll be used instead of the nominal

el throughnut (e.g. per ACI318
CDE"E Vieag=0.75 Vaeeale ).

1-ACI 318 M-02 Code Method'":

X : Vied
Ir_,{cj *[[[\E”z&’wq]/?] bw v;\'-i-;:.v;{I "r}' 'ﬁw d‘]

where

1201

Shear Strength of Reinforced
Concrete T-Beams
[

]/].I JSIJJ
Vep f b n-.E]‘f'b d
g Teiyp w3 ¥ e Tw

D 14

Mu

¢  Strength reduction factor equal
to 0.75

el

S,  Specified compressive strength
of concrete, MPa

v Ratio of tension reinforcement

by,  Web width, mm

d Distance from extreme

compression fiber to centroid of
longitudinal tension
reinforcement, mm

Ve Factored shear force at section
considered, N

M, Factored moment at section
considered, N.mm

P, Ratio of vertical shear
reinforcement

) A Specified yield strength of
reinforcement, MPa

V. Nominal shear
provided by concrete, N

v Nominal shear strength provid-
ed by shear reinforcement, N

2-British Code Method'*:

IE] 4|
-ws(mqajf ['“j [—f] b4 40,00 b )

where
¢. =Strength reduction factor for

strength

=M eoncrete equal to 0.8

¢, =Strength reduction factor for

reinforcement equal 10 0.87
0.03 2 p_ 2 0.0015
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0
d

32 MPa 2 f, > 20 MPa

3-New Zealand Code Method"

a
F — ¥ |
&r_ e {(ﬂ#h !ﬂpw]E wd‘+ s, fj b_ dJ wef3)

where
¢=1{.85

v, {aa:um_]l;; b d<az ‘E b d
4-Canadian Code Method'":

F!-C{ﬂ’ ﬂl:J‘: wd‘{' P, 'r_r ahr J‘E
where
¢ = 0.6

4, = 0.85

: [
V,=02(f. b d

Statistical evaluation of existing
design methods:

Table (2) indicates the values of
the results of the 42 tested beams,
compared with predicted strength
(Vieat / Vigaie). These values show
a range of 1.406-2.247 for the
mean of this ratio. The Canadian
code method 15 the most
conservative with all 42 beams
being on the safe side. This
method has the highest mean value
(2.247). The highest low ratio
{1.298) and the highest high ratio
(4.743) of all 5 methods of design
are shown in Table (2).

The coefficient of variation
(COV) gives a good indication as a
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measure of the relevance of the
method for prediction of the ratio
(Viest / Vicale). From Table (2).it
can be seen that the Canadian code
method has the highest COV (at
37.51). The best COV of all 4
existing methods is in the BS code
method (at 20.58).

Regression analysis of test
results:

By using the regression analysis,
the 42 test results were analyzed
by a personal computer. The aim is
10 obtain a simple and conservative
design method for shear that gives
the lowest possible COV values of
the ratio (Viest / Vicae ). This has

~lled to the following prediction

equation for Vypmpp. -

Vr_mz[ﬂﬂ#ﬁlhw)[ji )M "ﬂn.n(a f-b_]r A

P, "',}' bwd

where
by= Nlange width, mm
Iy = flange thickness, mm

The proposed equation has lesser
values of statistical results than
other  methods  with  safer
predictions. Table (2) shows a
summary of statistical evaluation
of the proposed design method.

To illustrate the relevance of the
proposed design method the ratio
of (View / Vi) has been
compared by this method with that
of the latest available design code
procedure-Eqn.(1) by ACI 318 M-
02. These are shown in Figs. (1.2
and 3).

The comparison in Fig.(l)
between the ACI-02 method and

w(3)



Eng. & Technology, Vol, 24, No.2, 2005

the proposed method shows, as
expected from Table (2), a large
scatter in the ACI-02 method, as
compared to the proposed Eqn.(5).
Proposed equation gives the more
accurate representation with the
safety consideration.

Fig.(2 and 3) show that the ACI-
02 method leads to excessively
conservative predictions at higher
ratio of tension by reinforcement
(o) and stirrup stress values (/)
in marked contrast to design by
Eqn. (5).

Conclusions
Based on this work, the
following conclusions are made:

Most resuits of ACI-02
indicate conservative
prediction of strength with high
arithmetic mean of (Vi / Vi
cate).  While the proposed
method led to improve results
compared to ACI-02. The
proposed  method  gives
conservative strength values
with low arithmetic mean of
ﬁ'lﬂ! / Vr{aic ]-

Table (2) shows that the
COV of the ratio (Vg / V.
cale,) Was in descending order
37.51, 30.23, 27.19 and 20.58
respectively using CAN-84,
ACI-02, NZ-82 and BS-85
methods.

In the comparison
between the latest available
code method of design (ACI-
02) and the proposed method,
the following conclusions are
obtained:

1= Fig.(1) shows that the safety

of prediction by the proposed
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method is essentially
unchanged within the range of
S, This contrasts with ACI-
02, a slight drop of safety with
increasing f. can be noticed
indicating that this method has
lesser margin of safety with
increasing f,, i.e. a negative
slope is obtained from results

of (Vyest / Vicalc ) versus JI",; :

ii- Similarly the longitudinal
steel ratio Fig.(2) has little
influence on the safety of
prediction by the proposed
method, in contrast with ACI-
02 method.

iii- Similar conclusion is drawn
from Fig.(3), where changes in
(v f,) has little influence on the
safety of prediction by the
proposed method- contrasting
with ACI-02 method.
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Future Research

The following items are
recommended for future studies
Shear capacity of high
concrete  flanged
beams.

Modifying the
equations, which are used in
present study for predicting the
shear strength for beams
having | and L sections .
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|r Y .| ratio

| Detail | f.,MPa "“'F::f,;“““ | Width b, | p,, percent | 0./, MPa |
1 L,

| Low 13.22 25 | 249 | 049 | o022% |
. 2 J. AL 2. ! ¢ I : l :

| High | 3807 | 6 | 428 | 475 | 27

k AT et -

*10 specimens without stirrups are not included where pf,=0

Table (2): statistical analysis of the ratio (Ves/V, ca ) for 42** specimens.
! I

‘ =i Proposed |
L_Dctall ACI-02 BS-85 | NZz-82 CAN-84 aastion
o 223 1.740 1917 | 2247 1.406
" SD 0.674 0.358 0.521 | 0.843 0.194
COV% 30.23 20.58 27.19 | 3751 13.79
Low 1.298 1.123 1.0 1.22 1
High 4018 2.599 3348 | 4743 188 |
[ No<l0 [ 0 k 0 0 o | o |

**No. of specimens = 42 (10 without stirrups + 32 with stirrups)
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Figure (1): Influence of compressive strength of concrete £, on test results.
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Figure (2): Influence of Ratio of tension reinforcement p,, on test
results.
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Figure (3): Influence of Nominal stirrup strength p.f, on test results,
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