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ASSESSMENT OF SHEAR RESISTANCE OF RC MEMBERS WITHOUT SHEAR
REINFORCEMENT OF VIETNAM STANDARD 5574-2012 AND
OTHER BUILDING CODES
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Abstract - Several structural reinforced concrete members are
constructed without shear reinforcement such as slabs, footings,
and lightly stressed members. The design of these members for
shear has become an issue of debate as the shear capacity
according to various building codes are very different. The paper
investigates the design shear strength of reinforced concrete
beams without transverse reinforcement using provisions from
Vietnam Standard 5574-2012, ACI 318-14, EC2 EN 1992-1:2004,
and BS 8110-1:1997. The results show that Vietnam Standard
5574-2012 does not account for the influence of longitudinal
tension reinforcement ratio, shear span ratio, and size effect on the
shear resistance provided by the concrete which are the important
factors incorporated in the other codes. Comparisons of the design
shear strength versus concrete strength and axial load level are
also carried out among these four building codes.
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1. Introduction

Reinforced concrete structures have been widely used
in buildings, bridges, tunnels, and many other structures.
Several structural reinforced concrete members are
constructed without shear reinforcement such as slabs,
footings, and lightly stressed members. The design of these
members for shear has become an issue of debate as the
shear capacity according to various building codes are very
different due to the complex stress redistributions that
occur after cracking. Shear transfer mechanisms have been
proved to be influenced by various parameters.

Figure 1 [1] explains the basic mechanisms of shear
transfer based on the findings of the reports by joint
ASCE-ACI Committee 426 [2] and joint ASCE-ACI
Committee 445 [3]. The five mechanisms of shear
transfer are shear stresses in un-cracked concrete, that is,
the flexural compression zone; interface shear transfer,
which is also called aggregate interlock or crack friction;
dowel action of the longitudinal reinforcing bars; arch
action; and residual tensile stresses transmitted directly
across cracks.

Several factors have an influence on the shear capacity
of structural members without shear reinforcement. The
most influenced parameters are known as the concrete
strength, longitudinal tension reinforcement, axial force,
shear span ratio, and size effect. This study investigates the
design shear strength of reinforced concrete beams without
transverse reinforcement using provisions from the four
building codes: Vietnam Standard 5574-2012, ACI
318-14, EC2 EN 1992-1:2004, and BS 8110-1:1997.

Toém tat - Nhiéu céu kién bé tong cbt thép dwoc ché tao va xay
dwng ma khéng can bb tri cét thép ngang nhw cac san, ban méng
va cac cau kién chiu lyc cat khong Ion. Viéc thiét ké chiu cat cho
cac cAu kién nay da tré thanh mot van dé tranh céi vi kha nang
chiu cét ctia bé tong theo cac tiéu chuén khac nhau la rat khac
nhau. Bai bao trinh bay nghién ctru kha néng chiju cét thiét ké cla
dam bé toéng cbt thép khong cé cét thép ngang theo cac tiéu chun
TCVN 5574-2012, ACI 318-14, EC2 EN 1992-1:2004, and BS
8110-1:1997. Két qua nghién ctu chi ra ring tiéu chuidn TCVN
5574-2012 khong xét dén &nh hudng clia ham lwgng cét thép doc
chiu kéo, ti s6 gitra khodng cach dat e véi chiéu cao dam, va kich
co cla cau kién dén kha nang chiu cét ctia bé tong, trong khi day
la cAc yéu td quan trong da duoc tich hop vao cac tiéu chudn khéc.
Bai b&o ciing so sanh kha nang chiju cat theo cudng do bé tong va
ti s& nén gitra bdn tiéu chun nay.

Twr khéa - bé tong cot thép; chu kién bé téng; kha nang chiu cat;
cbt thép ngang; tiéu chuan thiét ké.
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Figure 1. Shear transfer contributing to shear resistance
V¢ = Shear in compression zone

V. = Residual tensile stress in concrete

V. = Interface shear transfer

V4 = Dowel action

2. Shear provisions in various building codes
2.1. TCVN 5574-2012
The design value for the shear resistance of members
without shear reinforcement is given by:
v Pl @,)Rybh?
¢ c
where Ry is the design tensile strength of concrete;

1.1
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b is the width of beam; h, is the effective depth of the beam;
C is the projection of the inclined crack on the axis of the
beam which should not be greater than 2h,:

C < 2h, 1.2)

s 1S the modification factor to account for the type of
concrete, @»s=1.5 for normal concrete; o, is the factor to
account for the influence of axial force on shear strength,
to be determined as follows.

For compression force N, ¢y is calculated as Eq (1.3)
but is not greater than 0.5.

0.1N
@ = <05

] (1.3)
R bh
bt o

For tension force N, ¢y is calculated as Eq (1.4) but is
not greater than 0.8.

0.2N
— <08
R bh

0, = 1.4)

The design value V. also needs to satisfy the following
conditions.

Vo2 ¢b3(1+ gon)Rbtbh0 (1.5)
V_ <25R bh (1.6)
From (1.1), (1.2), (1.5) and (1.6), C must be in the range:
0.6h, <C < 2h, 1.7

2.2. ACI 318-14

For members without axial force, the nominal shear
strength provided by concrete is calculated by:

Ve = 2/1\/Ebwd

For detailed analysis, the following equation can be used:

(19/1\/_+2500 jb d <3544 f/b,d (2.2)

where A is the modification factor to reflect the reduced
mechanical properties of lightweight concrete relative to
normal weight concrete of the same compressive strength,
2=1.0 for normal concrete; fc (psi) is the specified
compressive strength of concrete; by (in.) is the web width
of the beam; d (in.) is the distance from the extreme
compressive fiber to centroid of longitudinal tension
reinforcement; pw=As/(bwd) is the ratio of longitudinal
tension reinforcement; My and V, are the factored moment
and shear force at the critical section, respectively. The
ratio (V,d)/M, must satisfy the following condition:

2.1)

(2.3)
M

u

For members with axial compression, V. is calculated by:

Ny l\/_bd

2000A

(2.4)

Ve =2| 1+

For members with significant axial tension, V. is

calculated by:
1

where Ny (Ib) is the factored axial force to be taken as
positive for compression and negative for tension; Ag (in?)
is the gross area of the beam.

In SI units, the four equations (2.1), (2.2), (2.4), (2.5)
are replaced with the four following equations (2.6), (2.7),
(2.8), (2.9), respectively.

Ve =2| 1+ (2.5)

Ve = 0471¢b,d (2.6)
Vd
:%mﬁm%qmwmﬁm(m
MU
Vg =017 [1+ ]/1\/? b,d (2.8)
Ve =017 [1+0'2/ng“ Jiﬁbwd (2.9)

where there are °c (MPa), by (mm) and d (mm).

The design shear strength of concrete beams without
shear reinforcement is ®V,, where ®=0.75 is the strength
reduction factor for shear.

2.3. EN 1992-1:2004

The design value for the shear resistance of members
without shear reinforcement is given by:

/3
Vc _|: Rd, ck(:l'ooplfck)1 +klpcp:|b d=> cmm (31)
The shear resistance V. is not less than:
Vc,min = ( mmJr klpcp)b d (32)

where fcx (MPa) is the characteristic compressive cylinder
strength of concrete at 28 days;

k_(1+ /230j<z.o

with d (mm); p: is the longitudinal tension reinforcement
ratio:

3.3)

P _ M o0

b, d

(3.4)

Aq is the area of longitudinal tension reinforcement,
which extends > (Ing+d) beyond the section considered; ki
is 0.15; ocp (MPa) is the compressive stress in the concrete
from axial load,

N
=B <02f
A

Neq (N) is the axial force in the cross-section due to
loading; to be taken as positive for compression and
negative for tension; A. (mm?) is the area of the concrete
cross section; fcg (MPa) is the design value of concrete

(3.5)
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compressive strength; by (mm) is the smallest width of the
cross-section in the tensile area; d (mm) is the distance
from the extreme compressive fiber to centroid of
longitudinal tension reinforcement, vmin is determined as :

Vo =0.035k¥2 £ V2 (3.6)
2.4. BS 8110-1:1997

For members with axial force, the design value for the
shear resistance of members without shear reinforcement
is given by:

1 1
V = @[%T (@)4 bd
© 7w\ hd d /)

where ym is the partial safety factor for strength of concrete,
ym=1.25 for shear strength without reinforcement;
100A/(byd) is the longitudinal tension reinforcement ratio
which should not be less than 0.15 but greater than 3.0; As
is the area of longitudinal tension reinforcement; by (mm)
is the breadth of section (for a flanged beam this should be
taken as the average width of the rib below the flange); d
(mm) is the effective depth of the longitudinal tension
reinforcement; (400/d)** takes into account the size effect
and should be not less than 0.67 for members without web
reinforcement.

For characteristic concrete strengths greater than
25MPa, equation (4.1) is multiplied by (f../25)Y° to account
for the influence of higher compressive concrete strength
on the shear strength.

For members without axial force, the design value for

(4.1)

the shear resistance of members without shear
reinforcement is given by:
NVh 4.2)

V, =V +06——-hd
AM

where M is the design ultimate moment; N is the design
axial force; V is the design shear force at the section
considered due to ultimate loads; A is area of the beam
cross-section.

3. Parametric study

The shear resistance of a concrete beam without shear
reinforcement is investigated based on the four building
code provisions: TCVN 5574-2012, ACI 318-14, EC2 EN
1992-1:2004, and BS 8110-1:1997. The beam has the
cross-section of 25x45cm.

3.1. Shear resistance versus concrete compressive
strength level

Figure 2 shows the relation between the design shear
resistance V. and concrete compressive strength level B
mentioned in TCVN 5574-2012. There is no axial load
acting on the beam and the longitudinal tension
reinforcement ratio is kept constant as 1.5% for the four
building codes. As can be seen from the figure, V.
calculated based on ACI and EC2 codes are very closed
together and are the lowest shear strength. TCVN code
gives the highest V. for concrete with compressive strength
level greater than B25. At B60, the design shear capacity
of Vietnam Standard is almost 50% greater than ACI and

EC2 codes.
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Figure 2. Comparison of Vc versus B

3.2. Shear resistance versus longitudinal
reinforcement

tension
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Figure 3. Comparison of Vc versus longitudinal tension
reinforcement ratio for concrete B15
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Figure 4. Comparison of Vc versus longitudinal tension
reinforcement ratio for concrete B40
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Figures 3 and 4 plot the comparison of V. versus
longitudinal tension reinforcement ratio py for concrete
B15 and B40, respectively. Of the four building codes
investigated, only the shear resistance in Vietnam Standard
is not influenced by the amount of tension reinforcement.
V. in EC2 and BS codes depends significantly on p; and it
almost doubles when py increases from 0.25% to 2.0%. In
ACI code, V. increases only around 10% in the same range
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of tension reinforcement ratio.
3.3. Shear resistance versus axial load ratio
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Figure 5. Comparison of V. versus axial load ratio for
concrete B15
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Figure 6. Comparison of Vc versus axial load ratio for
concrete B40
Figures 5 and 6 describe the relation between V. and
axial load for concrete B15 and B40, respectively. The
figures indicate that axial load affects the shear capacity in
all building codes. V. increases with compression force and
decreases with tension force. The shear resistance in EC2
and BS codes depend more siginificantly on axial load than
that in Vietnam Standard and ACI codes.

3.4. Shear resistance versus shear span ratio
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Figure 7. Comparison of Vc versus shear span ratio for
concrete B15
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Figure 8. Comparison of Vc versus shear span ratio for
concrete B40
In the case of short shear span ratio, the shear resistance
in beams increases due to the arch action. Only ACI and
BS codes include this effect in their provisions by

incorporating the ratio V,d and Vh, respectively (Figures
M M

u

7 and 8). At low strength concrete such as B15 and high
tension reinforcement ratio, V¢ in ACI increases over 50%
when the shear span ratio decreases down to 1.

3.5. Shear resistance versus effective depth

The concrete shear capacity decreases when d increases
but this size effect is not incorporated in Vietnam Standard
and ACI codes. The size effect has the most impact on the
shear resistance in BS code which decreases almost 30%
when d increases from 20cm to 100cm.
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Figure 9. Comparison of Vc versus effective depth for
concrete B15
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Figure 10. Comparison of Vc versus effective depth for
concrete B40
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4. Conclusion

A parametric study is carried out to investigate the
influence of various parameters on the concrete shear
resistance in the four building codes: Vietnam Standard
5574-2012, ACI 318-14, EC2 EN 1992-1:2004, and BS
8110-1:1997. The concrete beam has no shear
reinforcement and has the cross-section 25x45cm. From
the study, the following conclusions can be drawn.

¢ Vietnam Standard 5574-2012 does not account for the
impact of longitudinal tension reinforcement, shear span
ratio, and size effect on the shear resistance provided by the
concrete. These three parameters have significant influence
on V. as shown in the other codes. The design shear
capacity in EC2 and BS codes may double when the
tension reinforcement ratio varies from 0.25% to 2.0%.
The shear capacity increases over 50% when the shear span
ratio decreases down to 1 in ACI code whereas it decreases
almost 30% when the effective depth d increases from
20cm to 100cm in BS code.

e The concrete shear capacity calculated from ACI and
EC2 codes are quite closed together, especially when the
longitudinal tension reinforcement ranges from 0.75% to
1.5%. These are also the most conservative codes on shear

strength of concrete members without shear reinforcement.

e In most of the cases, Vietnam Standard gives the
highest shear resistance for beams with high strength
concrete, i.e. B greater than 40. On the contrary, for
concrete with compressive strength lower than B15, BS
code usually gives the highest shear capacity.
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