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Abstract- The present work is an analytical study to see the
effect of grade of concrete (fck), shear span to depth ratio
(a/d) and percentage longitudinal reinforcement (p) on
minimum shear reinforcement in reinforced concrete beams. A
comparative study of limits of minimum shear reinforcement
as given in various international codes has been worked out. A
rectangular section beam is analyzed on the basis of shear
strength criterion. After that curve fitting and regression
analysis is done to fit a power curve and new formula for
determining the minimum shear reinforcement is generated.

Keywords- Longitudinal reinforcement, Shear reinforcement,
Shear span, Shear strength criterion.
Nomenclature and abbreviations

5, =S5tirip spacing zlong the length of member

A, = Area of shear remforcement

a'd = Shear span to depth ratio

b= Width of beam.

d = Effective depth

D = Ower all depth of beam

f..=Characteristic cube compressive strength of concrete.
.= Cylmdrical compressive strength

f,=Characteristic vield strength of reinforcement.

', = Characteristic vield strength of tensile steel

Ver= Cracking shear

V. = Bhear resistance of the uncracked portion of concrete.
V4= Dowel force in tension remnforcement due to dowel action.
VW, = Shear resistance carried by the transverse remforcement.
W= Ultimate shear resistanes by cracked section

W s = Shear force resistance by uncracked concrets

p = percentage longitudmal remforcement

W= Ultmate shear resistancs by cracked section

%', = Shear capacity of concrets
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I. INTRODUCTION

The failure of beams is generally initiated with
formation of cracks. The location of cracks depends on the
direction of principal stresses which is combination of shear
stresses and tensile stresses. Hence, in addition to flexural
reinforcement, shear reinforcement also plays an important
role in enhancing the strength and overall structural behavior
of reinforced concrete members. Accordingly, the codes of
every nation specify the requirement of shear reinforcement,
its maximum limits and recommendation to adopt the
minimum shear reinforcement. Different international codes of
practice for reinforcement concrete recommend the minimum
amount of shear reinforcement considering the various factors
in different ways. Generally, minimum shear reinforcement is
a function of characteristic compressive strength of concrete
and vyield strength of steel. The results, using these codes
results show that the increase in grade of concrete increases
the requirement of minimum shear reinforcement. In Indian
code (IS 456:2000), percentage longitudinal reinforcement and
characteristic compressive strength of concrete is used as a
function of shear reinforcement design but that are not used as
function of minimum shear reinforcement.

Il. LITERATURE REVIEW

Minimum shear reinforcement is a function of many
parameters such as grade of concrete, grade of steel, shear
span to depth ratio and percentage longitudinal reinforcement
but the Indian standard code IS 456 (2000) dose note consider
all these parameters except yield strength of steel (fy) in
determining minimum shear reinforcement. MGuney Ozcebe,
et. al. (1994) gives an equation to determine minimum shear
reinforcement for high strength concrete. @'Young-Soo Yoon,
et. al. (1996) presented evaluation of minimum shear
reinforcement requirements in normal, medium and high
strength reinforced concrete beams. A comparison and
evaluation of minimum shear reinforcement provision of the
1989 ACI code and the 1994 CSA standard are made. P'Mark
K. Johnson and Julio A. Ramirez (1989) investigated
adequacy of minimum shear reinforcement in concrete beams.
Ms. Ahmad and A. Elahi (2003) studied the effect of
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reinforcement ratio and shear span on shear strength of high
strength concrete. ®'Mohamed Zakaria et. al. (2009)
presented an experimental investigation to clarify shear
cracking behavior of reinforced concrete beams. ©IN.
Subramanian (sep., 2010) show the minimum and maximum
limits on longitudinal and the Indian code provisions are
compared with the ACI code, Eurocode, Canadian and New
Zealand codes provisions, suitable modifications to the
expressions are suggested for future editions of the Indian
code. FIL. Sudheer Reddy et. al. (2010) deals with review of
available data base and predict shear strength of reinforced
concrete beams without web reinforcement by different shear
models. ®)G. Appa Rao and S. S. Injaganeri (2013)
compared the minimum shear reinforcement provision of
different nation codes. Also generate an equation of minimum
shear reinforcement for high strength concrete. FIB. K.
Kohlapur (2013) an experimental investigation is carried out
on HSC beams with constant size and effective length by
varying the longitudinal reinforcement ratio and the web
reinforcement ratio to understand the shear behavior of the
beams with minimum web reinforcement as per IS CODE and
ACI CODE and maximum web reinforcement.

I11. THEORY

1.1 Comparative study of different nations codes for minimum
shear reinforcement

Minimum shear reinforcement provisions given in
different nations codes are different due to considering the
different parameters. These provisions are generally similar in
formulation but their coefficients are different. This is due to
the different approaches and different definitions are used in
different codes.

Table-1: Minimum Shear Reinforcement by various Codes of

Practice
SN CODE EQUATION
1 ACT 318M-2008 A, _05JE, 033
bos. - 1ef = L
2 CSA A23.3-2004 A, _ 0054
b.s. £
3 Furocoda 21992 A, _ Doy,
bos. 3
. NZS 3101: 2006, Part A _ 09
1 b5, 16f.
A, 04
5 1S 456: 2000 .5 087L
Whan 1, = 0.57, ’
N A, 04
§ BS8110: Part 1: 1997 b s
7 AASTHOLRFD 2000 A _ off
b5, 12i
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Value of minimum shear reinforcement index (MSRI
or r*fy) calculated as per various codes are shown graphically
in Figure 1. It has been observed that the minimum
reinforcement calculated by different codes is nearly close to
each other up to M-40 grade of concrete.

Table 2: Minimum Shear Reinforcement Index (r*fy or MSRI)
for Different Grades of Concrete as per Various Codes

Grade of Concrete

Code

AED MO A0 ME \M60 N7 MED AB0 \100
ACI(2008) 033 0.33 0.336 0398 0436 0471 0.503 0.534 0.563
AASTHO
(2000)
CEA (2004) 0224 0.296 7342 0382 TA1E 0452 0483 0512 054
18:456 (2000) 046 046 0.46 046 046 046 046 0.46 046
BEE110(1997) | 0421 04121 g4 0421 3421 5] 04121 g4l 51
NZE (2008) 7252 0.308 0336 0,398 3436 7471 0.3503 GEEES 0362
Eurocoda
(1392)

0373 0436 0.527 0.589 0.645 0.697 0.745 0.791 0.833

0358 0438 0.506 0.566 0.62 0.669 0.716 0.759 0.8
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Figure 1: Variation of MSRI for Different Grade of Concrete
for Different Nations Codes.

As the grade of concrete increases the effect of fck
becomes dominant for calculation of minimum shear
reinforcement. It realizes that the factor fck should be
considered in determining the minimum shear reinforcement
particularly for high strength concrete. In general the Indian
standards compared to other Nation’s code gives higher value
of min. shear reinforcement for low grade of concrete and low
values for higher grade of concrete

IV.NUMERICAL STUDY

The basic concept of determining minimum shear
reinforcement is that when diagonal shear failure occurs then
shear resistance of cracked section should be more than the
cracking shear. Minimum shear reinforcement is
corresponding to the limiting condition in which shear force
resistance by cracked section is equal to the cracking shear.
Shear resistance of beam is combination of shear force
resistance provided by uncracked concrete, aggregate
interlock, dowel force and resistance provided by
reinforcement as stirrups.
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Undear limiting condition,

F.=T.+F,

Cracking shear I, given by

& J 'E\
A .mﬂ—'f )hn‘
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w, = U.Eﬂlf':
V.=P.+V.+7,
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Here, Y is higher for light weight concrete.

Final equation of minimum shear reinforcement for different
grade of concrete is as below:

i b

Ay "Iﬂ.-d
F— |g . N - .
55, ﬂf:(u 257 uzz)l

4.1 Curve Fitting Analsis

In order to generate the formula te determme MSE that
mcludes the various factors like £ p, 2'd etc, 2 corve
fitmg znalysis iz carried out using the warious data
obtzined by theorsticel anzlysis for MSE. For different
value of 2'd and p, 2 powser curve i the form below is
fitted for different value of 2'd and p.
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refy = glr”
of
re fi = K(fa)"
Where ‘K’ and ‘n” ars constants
Taking logarithm of bass ten of both sides, wa gat
logtrif) = logE{fuin]
logir¥f) = logkl + log[ifin]
logir¥f) = lagk + nlag(f.)

Putting the

Then
logF =logk — nloghk

For convenient putting

log¥ =y logk =kand logX=x
Hanca aquation is
¥y=k+tnx (1)

The zbove equation represents a family of straight lines
for different values of the arbitrary constants °k™ and ‘n°
s that equation is the lme of best fit. The term best fit s
mterpreted i 2ccordance with Legendre’s Principle of
Least Square which states that the sum of the square of
the deviztion of the zcmal values v from its estmated
values should be mimimum so it gives the best fit of line.
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Mow using method of least squaras
Iyv=Ik~ Iinx)
Iy =kI(l) = nIrx)
vy =Nk~ nlIfx) (2
Harz, N=Total numbars of obsarvation points
Equation (1) is multiplving with “x” both sides wea gat
o=k Tax
Taking summation of both sidas wa gat
Iy = (T + Inx’)
Zixy) = I(kx) + Ifnx’)
Lixyl = kIfxi ~nkfx) (3)
Solving equation (2) and (3); We g=t

. IyEx®—ExZxy
k=—————
NEx? —(Zx)?

NExy —IxEy

andn = ——5—F -3
YT NIkt —(Ix)?

Taking antilog of k" sives the valus of K.

Values of 'n” ara 0.5 for all values of a'dis 1 to 3 and p is
0.25%to 4%, Values of K ars tabulatsd below fora'd 1 is to 3
and pis 0.25%to 4%. When a'd is | and p is greater than 2%
then the reinforcement index is negative sovalue of coafficiant

K and n ars usad as sames as when a/d is 1 and p is 2%

(reneral squation of minimum shear reinforcement is given

balowr-

refy = Kyfu

Whara walue of coefficient K tsken from Tabla 3.

Table 3: Valuss of Cosfficisnt K for Diffsrent a'd and p

=% | p=1% | p-LE%

p=2% | p=2.8% | p=3% | p=3.8% | p=4%

0.03431 | 0.0271¢ 0.0113% | 0.00238

0.11739 | 0.08601 0.06332 0.05431 0.04498 0.03835 0.02902 0.02716

0.16435 | (.12366 0.10386 | 0.082Z18 | 0.08121 | 0.07012 0.0657 0.03611
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4.2 Correlation and Regression Analysiz

Fegression anzlysis is done to fmd 2 smple equation for
minimum  shear remforcement for 2l wvalue of
Eight=en eguation of mmimum shesr remforcement for
sin different values of 2'd ratic and p was generated.
General form of mimimum shezr remforcement 2s given
below:

£14
=K
b5, ﬂ

Hers K 13 constant which 1z different for different valuss
of a'd ratic znd p.

=

These equations show the chanpe i a'd or p, change the
value of coefficient K m the eguation of minimum shear
remforcement, so the zmount of mmmum shear
remforcement zlso change. These values of coefficient K
show that a relationship between K 2'd ratio and p. So 2
lmear relationship estzblish between K 2'd ratic and p.

lengimdinal remforcement percentage &t different a'd
ratio.

So coefficient of correlation between coefficient K and p
ata'd 1z 1 to 3 calculated.

s  Calculation for Correlation Coefficient

Hete "x” used for “p° and v for the coefficient K for
convenient.

Ax = Deviztion from mesn i X-3eties
Ay = Deviation from mean m y-seriss
x.,, =hdean of x-series

Vo = Mean of v-series

. . [Traz)®
Standard deviation of x-series, 5, = xIT
Standard deviation of v-series, o, = \IT

Now coefficient of correlation, r is given by-

Y(Ax = Ay)

T VIt TS
or

Zlax = ay)
Ne, o,

AN'=MNumbers of observations

Al welues of r° shows that there 13 negative correlation
between coefficient K and p. Equation of line of
regreszion for K iz polculating i terms of p. Generszl
equation of line of regression is given below:
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e, )
Y~ Y= = En)

Three eguztions of mmmum shexr remforcement
generated by repression amalysis for different a'd ratio
given below:
r= ﬂ

a
= (0.06042 - 0.0197p),/fee when— = 1
T ﬂ

a
= (0.13283 - 0.0311p),/fee when— = 2
r= ﬂ

a
= (0.18119 - 0.03660), e when— = 3

V.RESULT AND DISCUSSION

Table 4 (8): MSEI for Differant grade of concrets and p for differant a'd

Grade of Concrete
p M20 concrate M30 concrete M40 concrete
a/d=1 a/d=1 ald=3 a/d=1 a/d=1 a/d=3 a/d=1 ald=2 a/d=3
0.25 038 0.71 0.94 0.47 0.87 L15 0.54 1 133
0.5 0.24 0.53 0.74 0.3 0.63 09 0.34 0.76 1.04
10 012 038 056 015 047 0.69 017 034 08
13 0.05 03 047 0.07 0.36 0.57 0.08 042 0.66
Fi 0.01 0.24 0.4 0.01 0.3 05 0.02 0.34 0.57
3 - 0.17 0.32 - 0.21 0.39 - 0.24 0.43
4 0.12 0.26 - 0.15 0.32 - 0.17 0.37

Table 4|(b): MSRI for Differnt grade of concretz ad p for differant 'd

ME0 concrate MB0 concrete M100 concrete
P a/d=1 a/d=2 a/d=3 a'd=1 a/d=1 a'd=3 a/d=1 a/d=2 a/d=3
0.25 0.66 1.23 1.62 0.76 141 1.87 0.83 138 11
0.5 0.42 0.93 1.28 048 107 148 0.54 119 1.65
1.0 0.21 0.66 0.97 0.24 0.76 1.12 027 0.85 1.26
L3 0.09 0.52 0.81 0.11 0.6 094 012 0.67 1.03
2 0.02 0.42 0.7 0.02 048 0.81 0.02 0.67 1.05
3 - 0.29 0.56 - 034 0.64 - 038 0.72
4 - 0.21 0.46 - 024 0.53 - 027 0.59
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Figure 2: MSRI vs Grade of Concrete at a/d=1
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Figure 3: MSRI vs Grade of Concrete at a/d=2
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Figure 4: MSRI vs Grade of Concrete at a/d=3
IV. CONCLUSION

Aqmin 1S @ function of grade of concrete, a/d ratio and
percentage longitudinal reinforcement (p). Requirement of
Aqmini increases with grade of concrete. This is true for all
amounts of p and a/d ratio. This may be due to the in higher
grade of concrete aggregate interface force is smaller due to
smooth crack surface. Requirement of Agmini decrease with
increases in p because of indirect contribution of longitudinal
reinforcement in resisting the shear of any section. This is true
for all grade of concrete. Requirement of Agmini increases with
increase in a/d ratio for all grade of concrete and for all
amount of p provided. This can be viewed as size effect of
beam. Which effect the strength of reinforced beam due to
arch action. Deep beams resist more load due to arch action,
so beam require less amount of Agmin. It has been revealed
that most of codes gives the requirement of Agymin Which is
closely corresponding to p = 1.5%, a/d= 2 and grade of
concrete M-40 to M-50. Beyond these values of p, a/d ratio
and grade of concrete the variation in Agmin determined by
different codes becomes large. It has also been observed that
Aqmin also depends on grade of steel. For all grade of concrete
and all a/d ratio Aqmin increase with increase in grade of steel.
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As using higher grade of steel reduces an amount of tension
steel required, hence the dowel force which contribute to shear
strength also decrease.
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