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Abstract: SNI 2847-2019 and ACI 318-19 have regulated the use of materials in the design of shear strength, such as limitation
on the compressive strength of concrete and reinforcement. The difference of the regulation model and limitation material
affects the evaluation of the nominal shear strength of Reinforced Concrete (RC) columns. This assessment investigates the
evaluation of RC columns database experimental from several researchers. The various experimental data are consist of normal
to high strength RC columns with a total of 162 specimens. The specimens database of RC columns provides a variety of concrete
compressive strength, yield strength, axial-load ratio, shear reinforcement ratio, and aspect ratio of a column with numerous
parameters. This study aims to evaluate the formula of shear strength of RC columns according to SNI and ACI, and other
experimental models. Both the SNI and ACI have two different concrete nominal shear strength equations. The results from the
evaluations show that the simplified SNI and the detailed ACI are more conservative compared to other nominal shear strength
equations. The detailed SNI has less conservative, conversely, the simplified ACI has a good precision under the maximum limit
of material used. Moreover, the size effect modification factor (4s) is included in detailed ACI for evaluating the concrete shear
strength of RC Columns. The results show that the utilization of the size effect modification factor is not affected because the

value is close to 1.
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INTRODUCTION

The structure of RC columns are usually constructed
without considering the modern seismic design codes in
the low to moderate zones. These typical non-seismically
detailed RC columns have widely spaced shear
reinforcement, which vulnerable to shear failure. Hence,
for existing RC columns, an assessment of shear strength
RC columns is needed to mitigate shear failure as per
building code requirements. The latest SNI 2847-2019 [1]
is referred to the previous edition ACI 318-14, whereas the
latest edition ACI 318-19 [2] is slightly different from the
SNI 2847-2019 [1]. To avoid shear failure of Reinforced
Concrete (RC) columns under the combination of gravity
and earthquake load, the nominal shear strength must be
higher than the nominal shear due flexural strength of the
column [11]. The SNI 2847 [1] and ACI 318 [2] propose
that the nominal shear strength of the column is the
summation of the shear strength of concrete and the shear
strength of steel the summation of the shear strength of
concrete and the shear strength of steel. The nominal shear
strength of the column of ACI dan SNI can be seen as
follows:
V, =V, +V, 1)

Where V, = nominal shear strength, V. = nominal shear
strength provided by concrete, and Vs = nominal shear
strength provided by shear reinforcement. Equation (1) is
one-way shear equations for non-prestressed concrete. This
equation is concerned on the components of the structure.
In the component of the structure without shear reinforce-
ment, shear strength is resisted by the concrete. However,
with shear reinforcement, the nominal shear strength is as-
sumed by concrete and shear reinforcement. This nominal
shear strength of the RC columns has several materials
strength. For concrete, the maximum compressive strength
is 70 MPa for both SNI 2847 [1] and ACI 318 [2]. For
transverse reinforcement, the maximum vyield strength is
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420 MPa for SNI 2847 [1] and 550 MPa for ACI 318 [2].
When determining the concrete shear strength of RC Col-
umns the size effect modification factor (1) is also consid-
ered at ACI 318 [2]. However, this size effect modification
factor is not considered at SNI 2847 [1].

Over the last century, according to several experts, the
use of high strength materials in RC columns has been
studied extensively [3]-[11]. However, the actual use of
high strength RC columns material is not accommodated
by the two codes. Hence, it is essential to evaluate the use
of normal strength and high strength at two regulations ei-
ther SNI 2847 [1] or ACI 318 [2].

This assessment shows experimental observations on
162 shear-critical RC columns were collected from the
literature. This study aims to evaluate the formula of shear
strength of RC columns which is according to SNI 2847-
2019 [1], ACI 318-19 [2], and other experimental models
such as Sezen 2002 [12] and Alrasyid 2015 [11].
Therefore, the results of this study will obtain the
correlation between the experimental and predict strengths
that related to the shear strength of RC columns.

RESEARCH SIGNIFICANCE

This study investigates the evaluation of the nominal shear
strength of RC columns with a total of 162 specimens. The
specimens database of RC columns provides a variety of
concrete compressive strength, yield strength, axial-load
ratio, shear reinforcement ratio, and aspect ratio of a
column with numerous parameters. These specimens are
compared with several models [1], [2], [11], [12].
However, there are few differences between evaluating
these models on shear strength such as formula equation
and material strength used. The evaluation results can show
the ratio of measured shear strength to the nominal shear
strength of RC columns. The results of this study believe
that the ratio of each evaluated shear strength from
different models can provide information on which models
are comparatively conservative.
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METHODOLOGY

Prior to the analysis, the sets of shear test data of RC
columns from available experiments were first collected.
The summarized details of these RC columns are shown in
Table 1 and the parameters used as shown in Table 2. The
corresponding various experimental data are consist of
normal to high strength RC columns. Furthermore, the
experimental database was used to analyze the nominal
shear strength of RC columns within step-by-step
equations of nominal shear strength that expressed in
equations (2-18). Moreover, this study is also evaluating
the nominal shear strength using maximum materials
strength limits. The maximum limit for concrete
compressive strength is 70 MPa for both SNI 2847 [1] and
ACl 318 [2] and for transverse reinforcement, the
maximum yield strength is 420 MPa for SNI 2847 [1] and
550 MPa for ACI 318 [2].

As previously mentioned, the shear strength
evaluation from several models produces the ratio of
measured shear strength to the nominal shear strength of
RC columns, Viest/Vin. Furthermore, from these ratios, it can
be defined the mean ratio and the coefficient of variation
of shear strength RC columns which each corresponds to
SNI 2847 [1], ACI 318 [2], and other experimental models
such as Sezen 2002 [12] and Alrasyid 2015 [11].

Table 1 Shear Failure of RC Column Database
Experimental

No. Researchers Number of
Columns
1 Lynn (2001) [13] 8
2 Sezen (2002) [12] 3
3 Umehara and Jirsa (1982) [14] 3
4 Bett et al. (1985) [15] 1
5 Xiao and Martirossyan (1998) [16] 2
6 Ousalem (2006) [17] 12
7 Nakamura and Yoshimura (2002) [18] 4
8 Nakamura and Yoshimura (2003) [18] 6
9 Yoshimura et al. (2003) [18] 3
10 Ramirez and Jirsa (1980) [19] 2
11 Wight and Sozen (1973) [20] 12
12 Saatcioglu and Ozcebe (1989) [20] 2
13 Yalcin (1997) [21] 1
14 Ikeda (1968) [22] 7
15 Umemura and Endo (1970) [23] 9
16 Kokusho (1964) [24] 2
17 Kokusho and Fukuhara (1965) [25] 2
18 Sakaguchi et al. (1990) [6] 6
19 Maruta (2008) [26] 14
20 Takami and Yoshioka (1997) [27] 6
21 Takaine et al. (2010) [28] 4
22 Kuramoto and Minami (1992) [29] 6
23 Aoyama (2001) [4] 8
24 Shinohara et al. (2008) [30] 5
25 Akihiko et al. (1990) [31] 6
26 Sibata (1997) [32] 5
27 Yu Chen Ou (2015) [10] 14
28 Harun Alrasyid (2015) [11] 9

study, and the summarized details of these RC columns are
shown in Table 1.

Table 2 RC Columns Database Experimental Parameter

Parameters Ranges
Concrete compressive strength (") 13.1-205 MPa
Ratio of longitudinal reinforcement (o) 0.19-4.4 %
Y!eld strength of longitudinal 324-1106 MPa
reinforcement (fy1)
Ratio of shear reinforcement (p) 0.07-1.9
Yield strength of shear reinforcement (fyy)  315.6-1450 MPa
Gross area of column section (m?) 0.04-0.36
Aspect ratio of column (a/d) 1.01-4.03

Total Specimens 162

A. EXPERIMENTAL DATABASE OF SHEAR
FAILURE COLUMNS

An experimental database of 162 shear-critical RC
columns from 28 researchers has been considered in this

As can be seen from Table 2, the various experimental
data consist of normal to high strength RC columns; there-
fore, in Table 2 for example in concrete compressive
strength, .’ have 13.1-205 MPa, et al. These all-experi-
mental database used to calculate the nominal shear
strength of RC columns.

Fig. 1 shows that normalized shear strength decreases
with the increasing shear span-to-depth ratio within the
range of test data considered. Fig.2 shows the relationship
between the normalized shear strength and the axial-load
ratio. The data trend shows that shear strength increases
with an increasing axial-load ratio.
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Figure 2 Normalized shear strength versus axial-load ratio
B. ANALYSIS THE AVERAGE FORMULA TEST

The nominal shear strength of RC column is the summation
of shear strength of concrete and the shear strength of steel.
After knowing the results of the calculations, the ratio of
measured shear strength to the nominal shear strength of
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RC columns is obtained. This section explained the
formula used on the code of each model [1][2][11][12].

B.1 SNI 2847-2019

The evaluation begins by determining the nominal shear
strength provided by concrete V. according to Eq. (2-3):

V, g =0.17 1+1§;g YNERN: @

Voos 20292 0,0 14 22N
| A

A reinforced concrete member with axial compression, V,
can be determined with simplified equations, Eq (2) and
detailed equation Eq (3). The contribution of transverse
reinforcement to shear can be expressed as Eq. (4):

f.d

V, = Al 4)

S
Hence, there is two concrete nominal shear strength, the
summation of shear strength of concrete and shear strength
of steel are expressed as Eq. (5-6):

Vn,SNIl :VC,SNll +Vs )
Vn,SNIZ =Vc,SN|2 +Vs (6)
B.2 ACI 318-19

For non-prestressed members, V¢ with Ay > Ay min Shall be
calculated according to Eq (7) and Ay > Av.min according to
Eq (8) as follows:

V, pon = 0'17}“/f°'+6’%g bd @

Voser =| 06622 ()" T +6NT“9 bd ®

ACI 318 [2] the reinforced concrete member with axial
compression can be determined with simplified equations ,
Eq (7) and detailed equation Eq (8). However, in the ACI
318 [2] for V. acr2, it is necessary to consider the effect size
modification factor A, which is expressed as

=2 <1 ©
1+0.004d

Same as the previous model, the nominal shear strength
provided by shear reinforcement V; used equation Eq (4).
Furthermore, the nominal shear strength RC column, ¥},
shall be calculated by:

Vn,ACIl :VC,ACIl +Vs (10)
Vn,AClz =Vc,ACI2 +Vs (11)

B.3 SEZEN’S MODEL 2002

In the Sezen model, the nominal shear strength provided by
concrete, , V, is considered the effect of ratio a/d, as
follows:

(12)

Vi =k 20T N dggp
’ ald 0.5A,

Whereas, the shear strength of shear reinforcement, V;, is
calculated using Eq (13):
Af,d

S

The nominal shear strength model proposed by Sezen [12]
is a summation of the contribution of shear strength of
concrete and steel.

V =V

n,sezen c,sezen

=k

s,sezen

(13)

+V

s,sezen

(14)
B.4 ALRASYID’S MODEL 2015
The concrete shear strength, V7., is considered the reduction

factor, a in the Alrasyid model [11] can be estimated as
follows:

Vc,alrasyid = 02905\/ fc Ibwd (15)
Where « is the reduction factor by Eq (16-17):
a=|1-0.85 L (16)
f'A
for
o< N <o an

1
C

The summation of shear strength of concrete and shear
strength of steel is expressed as

V,

n,alrasyid = c,alrasyid +Vs

(18)
Furthermore, all the results of V;, calculations from several

models produce the ratio of measured shear strength to the
nominal shear strength of RC columns, Viest/Vn.

ANALYSIS AND DISCUSSIONS

A compiled experimental database of 162 RC columns was
used to evaluate the popular models from SNI 2847 [1],
ACI 318 [2], and other experimental models such as Sezen
2002 [12] and Alrasyid 2015 [11]. Table 3 tabulates the
ratio of measured shear strength to the nominal shear
strength, as explained before. Table 3 provides evaluations
of normal strength, high strength and the combination both
of normal and high strength RC columns. According to the
evaluations, it can be seen that the results have been
evaluated twice within the data and the maximum limit.
Thus, all evaluations are obtained the mean and the
coefficient of variation.

The coefficient of variation (CoV) is a statistical meas-
ure of the dispersion of data points in a data series around
the mean. The coefficient of variation represents the ratio
of the standard deviation to the mean, and it is a beneficial
statistic for comparing the degree of variation from one
data series to another. The smaller the CoV value, the more
accurate the data is. Conversely, the higher value of CoV,
the less accurate the data level of variation is. However, the
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Figure 3. Variations of measured to calculated strength ratio versus shear span-to-depth ratio according to existing data:
(a) Method in SNI 2847-2019 Vi snin [1]; (b) Method in SNI 2847-2019 Vasniz [1]; (¢) Method in ACI 318-19 Viaci
[2]; (d) Method in ACI 318-19 Vhaciz [2]; (€) Method in Sezen’s Model Vi sezen [12]; (f) Method in Alrasyid’s Model

Vn,alrasyid [11]
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Figure 4.Variations of measured to calculated strength ratio versus shear span-to-depth ratio according to maximum
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mean can be said to be more precise if the value is more
than equal to 1. Hence, the evaluation model can be said to
be more conservative if the CoV value is low and the mean
is more than equal to 1.

As can be seen in Table 3, for normal strength
according to the data, the mean ratio of measured to
calculated shear strength and its coefficient of variation are
1.30 and 0.29, 1.08 and 0.26, 1.04 and 0.27, 1.57 and 0.33,
1.02 and 0.20, 0.76 and 0.25 for the simplified SNI 3847
[1], detailed SNI 2847 [1], simplified ACI 318 [2], detailed
ACI 318 [2], Sezen [12], and Alrasyid [11], respectively.
From these results, it can be seen that Sezen’s model [12]
has the best precision; however, for popular models,
simplified ACI 318 [2] is relatively conservative than SNI
2847 [1]. Whereas, the normal strength within the
maximum limit, there are no significant results because
only a few normal strength data exceed the material
limitation.

Furthermore, the simplified SNI 2847 [1] is relatively
conservative in high strength according to data. On the
other hand, for high strength within the maximum limit, it
can be seen that Sezen’s model [12] has the best precision.
In addition, the simplified ACI 318 [2] and Alrasyid’s
model [11] also have good precision results.

Figures 3-6 plot the ratio of measured shear strength,
Viest, t0 the calculated shear strengths, Vi sniz, Vasniz, Vaacii,
Vnaci2, Visezen, Vi alrasyid Versus the shear span-to-depth ratio
and axial-load ratio, respectively. Figures 3-4 show the
relationship between aspect ratio and shear strength
models. All shear strength models indicate a declining data
together with the increase in aspect ratio, except Sezen’s
model [12]. Therefore, the shear strength is significantly
influenced by the shear span-to-depth ratio because the
greater the aspect ratio value, the decreases the shear
strength value.

The ratio between the measured shear strength to nom-
inal shear strength decreases as the increasing of axial load
ratio. These graphics is also exhibited in the relation of ax-
ial load ratio and the ratio between the measured shear
strength in several models. The data trend to show that
shear strength decreases with an increasing axial-load ra-
tio, except the Alrasyid’s model. The relations between ax-
ial load ratio and the ratio of the measured shear strength
to the shear strength prediction are plotted in Figures 5-6.

When determining the concrete shear strength of RC
Columns the size effect modification factor (4s) is also con-
sidered at detailed ACI 318 [2]. However, this size effect
modification factor is not considered at SNI 2847 [1]. The
results have shown that using the size effect modification
factor is not affected because the value is close to 1, within
the minimum results of size effect is 0.83 and the maxi-
mum size effect is 1.1 in both normal and high strength RC
columns.

CONCLUSIONS

The observed results of collected experimental data of 162
RC columns were measured and evaluated by popular
models from SNI 2847-2019 and ACI 318-19, and other
experimental models such as Sezen 2002 and Alrasyid
2015. The results from the evaluations show that the
simplified SNI and the detailed ACI are more conservative

compared to other nominal shear strength equations. The
detailed SNI has less conservative, conversely, the
simplified ACI has a good precision under the maximum
limit of material used. From other experimental models,
Sezen’s model is relatively conservative in normal
strength, whereas, Alrasyid’s model also has a good
precision for high strength according to the maximum limit
of material used. Moreover, the size effect modification
factor (4) is included in detailed ACI for evaluating the
concrete shear strength of RC Columns. The results show
that the utilization of the size effect modification factor is
not affected because the value is close to 1.

NOTATION

Ay = gross area of section, mm?, the area of the concrete
only and does not include the area of the void(s);
A, = area of shear reinforcement within spacing s, mm?;

a = shear span, mm;

bw = width of column, mm;

d = effective depth of column, mm;

fo” = specified compressive strength of concrete, MPa;

fyx = specified yield strength of transverse reinforcement,
MPa;

N, = factored axial force normal to cross section, N;

s =spacing of transverse reinforcement, mm;

Ve =nominal shear strength provided by concrete, N;
Viest = measured shear strength of column, N;
Vn  =nominal shear strength, N;
Vs = nominal shear strength provided by shear
reinforcement, N;
a = factor to account for column aspect ratio;
A = modification factor to reflect the reduced normal
weight concrete of the same compressive strength;
As = the size effect factor used to modify shear strength
based on the effects of member depth;
pw = ratio of Asto by.d, where A is area of non-
prestressed longitudinal tension reinforcement.
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