[

ATLANTIS Advances in Engineering Research (AER), volume 169

PRESS
2nd International Conference on Material Science, Energy and Environmental Engineering (MSEEE 2018)

Effect of Longitudinal Reinforcement Ratio and Effective Depth
on Shear Capacity of PVA Fiber High Strength RC Beams

Zhuowei Wang 2, Yufeng Liao and Weilun Wang® *
School of Civil Engineering, Shenzhen University, Shenzhen 518060, P. R. China.
2 1223731542@qqg.com, * > wang_weilun@hotmail.com

Abstract. The study on the shear capacity of PVA(polyvinyl alcohol) fibre reinforced high-strength
concrete beams without stirrups was carried out by 7 specimens, the influence of effective depth(d)
and longitudinal reinforcement ratio(pt) were investigated. The experimental results show that the
shear capacity of the beam increases significantly with the increase of the effective depth and as the
reinforcement ratio of the longitudinal reinforcement increases, the shear strength of the beam will
increase, but the increase ratio gradually decrease. Though the comparative analysis of the
experimental data with calculated values under 3 building codes, indicated that the normative
underestimate the effective depth and longitudinal reinforcement ratio on influence of shear capacity,
and longitudinal reinforcement ratio ought to be considered into GB.
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1. Introduction

Compared with normal strength concrete, high-strength concrete is characterised by a high
modulus of elasticity, as its composition of very low water-binder ratio and ultra-fine materials such
as silica fume, the internal structure became more denser as well as the durability, lower creep and
drying shrinking. With higher strength and the strength increases rapidly.Also it can reduce the cross-
sectional size of structural members, and improve the use area and effective space of the building as
the unit density intensity value (fc/p) is large [1-3].Based on the above advantages, interest in high-
strength concrete with compressive strengths of 50-100MPa has increased rapidly in the last twenty
years. High-strength concrete has been used widely in offshore structures, low-level columns in high-
rise buildings, long-span bridges, and other highway structures[4].However, high-strength concrete
has less ductility, more prone to premature cracking, leading to steel corrosion, freeze-thaw damage,
etc.in the reinforced concrete structures, thus the capacity of the structure reduced[5].Polyvinyl
alcohol(PVA) fibre has the characteristics of high strength, high modulus as well as higher chemical
and physical resistance, abrasion resistance and has good bonding properties with substrates such as
cement[6].Depending on the interfacial bonds between concrete and fibre, the energy consumption
caused by fiber de-bonding, pulling-out and pulling-off can improve the ductility of concrete[7].Other
experimental studies have indicated that with the addition of discrete fibre into high-strength concrete
form fiber-reinforced concrete, the tensile strength ,bending strength and impact strength can be
improved as well as the toughness of the concrete, thereby overcoming in various unfavorable factors
of application of high-strength concrete[8-9].

Currently, the compressive strength of concrete has been increased to §0MPa in many major codes
and standards such as GB50010-2010 [10], JSCE-2007 [11], ACI318-11 [12], etc. However, due to
the lack of sufficient test data, the calculation of shear capacity of the high-strength concrete is simply
expand based on the normal concrete code. In this study, the effective depth (d) and longitudinal
reinforcement ratio (pt) are considered as the influence parameters, the shear strength of PVA fibre-
reinforced high-strength concrete beams, without web reinforcement were tested. Analysis of
experimental values versus calculated values of the major codes and standards, the influences of the
effective depth and longitudinal reinforcement ratio on the shear capacity of reinforced concrete
beams were investigated.
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2. Experiment

2.1 Beam size and Materials

A total of 7 beams were tested, the design cube compressive strength of concrete was 80MPa (the
mixture proportion is shown in Table 1), the shear-span effective depth was maintained at 3.0 with a
volume fraction of PVA fiber of 1.5%.All beams were rectangular cross section 150 mm wide. Four
effective depth and four longitudinal reinforcements were employed to test the effectiveness of
effective depth and longitudinal reinforcement on shear behavior. The test beams were placed 2
groups, four effective depth were used in B1, B2, B3 and B4, being 270,220,310 and 360mm
respectively. The longitudinal reinforcement ratios for B1, B5, B6 and B7 were 2.33, 2.03, 2.65 and
2.82% respectively. The beams were provided with longitudinal bars on its’ right side (the test zone),
to prevent shear failure in the non-experimental zone, the left side of the beams were reinforced with
d8@ 100 stirrups. Details of the test program were given in Fig 1,the specific parameters of the test
beam are shown in Table 2.

The concrete was made with PII52.5(R) Portland cement produced by Jinyang Cement Plant, In
line with national general silicate standards. The coarse aggregate is made of basalt gravel provided
by Shenzhen Longming Sand Field and the strength of the parent rock is 160-200MPa, with a
maximum size of 20 mm. The fine aggregate is inactive quartz sand, and water purification before
the experiment, water content composite standard requirements, the mud content is less than 1%
simultaneously. The water used was Shenzhen tap water, which meets the relevant requirements of
JGJ63-2006 for Concrete Water Standards. The mineral powder produced by Jinan Rongxingda
Mineral Powder Factory, Shandong Province. Sika series Viscocrete 3300 high-range water-reducing
admixture was used for improving the workability of the high strength concrete. The PVA fiber was
the Japanese Krary Group’s type KURALON KII, and fiber were 12 mm long with a diameter of
0.04mm.The elastic modulus of the PVA fibers were 40GPa, and ultimate tensile strength was
1600MPa with 5% elongation.

Table 1. Mixture properties
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Fig 1. Details of test beams
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Table 2. Test beam parameters and shear test results

pr d Seuk e Jr Vexp

Beam ID (%) mm Mpa Mpa Mpa kN
B1 2.33 270 65.7 59.13 3.95 773
B2 233 220 65.7 59.13 3.95 70.8
B3 2.33 310 65.7 59.13 3.95 100
B4 2.33 360 83.3 74.97 4.50 124.5

BS 2.03 270 65.1 58.59 3.93 80
B6 2.65 270 65.1 58.59 3.93 933
B7 2.82 270 65.1 58.59 3.93 94.3

2.2 Test Method and Observed Behavior

The test setup include a loading and a data acquisition system. The beams were tested under a
concentrated load acting at mid-span, which was applied by 2000 KN hydraulic jack. In order to
measure the strain of the longitudinal bars, strain gauges was placed at the longitudinal bars which at
the midpoint of the beam, at the midpoint of the shear span and at the support. Simultaneously, a
strain gauge is placed at intervals of 50 mm in the beam span to measure the strain distribution of the
beam span and the depth of the concrete compression zone. And to measure the displacement of the
test beam, three displacement meters were placed at the span of beam and at the support.

During the loading process, the specimen first produces a curved crack at the beam span, which is
short in length and appears both sides with the beam span, the load is small at this point, and as the
load increases, the length of the crack increase but the growth is limited. New cracks develop little
after a period of bending cracks, when the load is increased, after a small crack appears in the diagonal
line between the beam support and the span, the crack will develop rapidly in a short time and extend
to the vicinity of the loading point, the width of the crack increases rapidly simultaneously. And
several parallels inclined crack appeared on the both sides of the main crack. Figure 2 is the inclined
crack of beam B2 and the amplified crack morphology. It can be seen that the bonding properties of
fiber and concrete are better, a part of fibers are dispersed in the crack without being pulled off, the
coarse aggregate at the crack is completely spht and the crack surface is smoothly

B \ N

Fig 2. Beam B2 crack pattern

3. Result and Analysis
3.1 Test Results

Fig 3 shows the load-deflection curve of the test beams when the effective depth of the section
changes. For beam without web reinforcement, with the effective depth increase, the width of the
incline crack increase, the aggregate interlock force between cracks is weakened, causing the tensile
stress in the cracking zone near the cracked end weakened and reduced the ability of the shear stress
transmission. Also as the cross-sectional size increases, the size and aggregate particle size ratio
increase accordingly, the shear slip surface become smoother and the action of aggregate interlock
become reduced. However,it can be seen from figure 3 that the shear capacity increased as the
effective depth increased. Compared beam B2 (d=220mm) with beam B4 (d=360mm), the shear
capacity increased from 70.8 kN to 124.5 kN, increased by nearly 76%.Figure 4 shows the load-
deflection curve of the specimens when the longitudinal reinforcement ratio changes. All the
longitudinal reinforcements in the specimens did not yield, it can be seen that the shear capacity
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increased with the increase of the reinforcement and the extent of growth will gradually decrease.
Compared beam B5 with B6, the reinforcement ratio increased from 2.03% to 2.65%, the shear
capacity increased nearly 17%,but compared beam B6 with B7,the reinforcement ratio changed from
2.65% to 2.82%,the shear capacity only increased 1%.And when the longitudinal reinforcement ratio
is large, the deflection is small as the specimen fracture, and the brittleness characteristics becomes
more significant.
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Fig 3. Load-deflection when d changes Fig 4. Load-deflection when pt changes

3.2 Test Analysis

There are many theoretical methods for calculating RC beams without web reinforcement, such as
elastic theory method, plastic theory method, truss method and nonlinear theory method. This
experiment further evaluates the applicability of national building codes by comparing the
experimental values with the calculated values .The equations proposed for calculating the shear
strength of beams without web reinforcement in GB5010-2010, ACI318-11 and JSCE2007, are
expressed below:

175
Ve = bh GB5010-2010
€= 10 Pk
, Vd
Ve=(0.16 £, +17.2p, )b, d ACI318-11

v, =0.203 £ 41/, /100, (0.75+1.4/ A)bh,  JSCE2007

Where Ve is the shear capacity of reinforced concrete beams without web reinforcement; bw is
the width of beam; d is the effective depth of beam; pt is the longitudinal reinforcement ratio; Vu and
Mu are the shear and moment values at the critical section, respectively; fc” is the cylinder concrete
strength, ft is the tensile strength of concrete, fcub is the cube concrete strength, fc’=0.9fcub [13],
ft=0.395fcub0.55 [10].

It can be seen from the above-mentioned national building codes that the effective depth d is an
important influence factor affecting the shear capacity of the RC beam without web reinforcement.
Fig 5 is the effect of shear strength on specimen when the effective depth d is changed. The shear
capacity of the beam increases with the increase of the effective depth, which is consistent with the
trend of the national building codes calculation results. The shear capacity ratio
(experimental/predicted) of the different methods when effective depth d changed are shown in Fig6
With the increase of the effective depth, the current national methods show a trend of underestimating
the shear capacity. Owing to the small effective depth of the test beam, the size effect is not significant.
Compared with the other two methods, GB can better reflect the impact of shear capacity when
effective height is in the range of of 220-360mm.
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Fig 5. Relationship between d and Ve Fig 6. Relationship between d and Vexp/Vpred

The longitudinal reinforcement ratio is also an important factor affecting the shear capacity of RC
beams without web reinforcement. As the reinforcement ratio of the longitudinal reinforcement
increases, the dowel action between the concrete and the longitudinal reinforcement will be
strengthened, it can better restrain the development of cracks, increase the shear strength transfer
between the Interfacial interaction between incline cracks and the depth of the concrete shear zone
increase, thus the shear capacity of the specimen is correspondingly improved, is well shown in the
Fig 7.The experimental values obtained under different reinforcement ratios are higher than the
predicted values ,and with the increase of the longitudinal reinforcement ratio, the increasing trend of
the shear capacity is gradually decreasing, therefor it can also indicate the existence of the maximum
reinforcement ratio. The influence of the longitudinal reinforcement is not considered in the GB, for
better reflect the influence of the longitudinal reinforcement ratio on the shear capacity, the GB needs
to be revised.

100 ®GB XAC| AJSCE
‘\/—* 2
75
X
15 |x
—~ ) X
& 2 e
¥50 > |é
@) \Ql
= 3
>
25 05
0 0
5 22 24 26 28 3 2 22 24 26 28 3
() k)
Fig 7. Relationship between pt and Ve Fig 8. Relationship between pt and Vexp/Vopred

4. Conclusion

In this study, shear tests were conducted on the PVA (polyvinyl alcohol) fibre reinforced high-
strength concrete beams without stirrups. As the increase of the effective depth, the shear capacity of
specimen is increased significantly. Owing to the small effective depth of the test beam, the size effect
is not significant, the effective depth of the beam need to increase to further study the size effect, and
current GB, ACI and JSCE methods all show a trend of underestimating the shear capacity. With the
longitudinal reinforcement ratio increase, the dowel action become significant, the shear capacity is
improved, but the increasing trend of the shear capacity is gradually decreasing. In order to better
reflect the influence of the longitudinal reinforcement ratio on the shear capacity of the beam, the GB
needs to be revised.
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