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Abstract 

The objective of this paper is to estimate effects on the 
polyvinyl alcohol (PVA) fiber, and shear reinforcement on 
quasi-static and low-velocity impact load resistances of 
concrete beams. By repeated dropping a 270 kgf weight on the 
specimens from a height of 1.8 m, low-velocity impact load 
was applied. Load-deflection curve, peak load value, and 
crack pattern were used for analyzing the results of the static 
load tests. The maximum number of blow, crack patterns, and 
time-deflection curves at the first drop stage were used for 
analyzing the results of the impact load tests. Both static and 
impact resistances or reinforced concrete beams enhance by 
PVA fiber with improvement of tensile strength and ductility 
of concrete matrix. Also, by the PVA fibers in reinforced 
concrete beams, the required amount of shear reinforcement to 
prevent shear failure mode can be reduced. Since major 
contribution of fiber reinforcing can be represented in terms of 
increased toughness and beneficial resistance of local spalling, 
the fiber reinforced concrete RC beams showed 
correspondingly larger endurance of drop blows and smaller 
crack width under low velocity impact loadings. Under the 
impact loads, the partially placed specimens with PVA FRCC 
can show similar impact load resistances compared to the 
fully placed specimen. However, in order to apply FRCC 
partially to the specimens maintaining their impact load 
resistance, the FRCC should be applied not only in tensile 
face but also in compressive face. 

Keywords: Polyvinyl alcohol (PVA) fiber, fiber reinforced 
cementitious composite (FRCC), shear reinforcement, drop 
weight, impact load 

 

INTRODUCTION 

Current concrete structures are required to have not only 
proper load capacities under service load conditions, but also 
higher resistances against extreme loads such as impact, blast, 
earthquake, and fire [1,2]. Among them, impact load 
resistance will be focused on in this paper. Impact loads have 
much faster strain rates compared to static loads.  

In order to resist against impact loads, high ductility and high 
absorbed energy capacity until failure are required. Normal 
concrete commonly used in fields has poor ductility and low 
absorbed energy capacity. These inherent weaknesses could 
be improved by adding fiber [3-5]. However, the cost of fiber 

reinforced cementitious composites (FRCCs) per unit weight 
is more expensive than the cost of normal concrete, so 
designers should carefully decide amount and location of 
FRCCs in structures. The aim of this paper is to estimate 
effects of fiber, especially the polyvinyl alcohol (PVA) fiber, 
and shear reinforcement on performances of concrete beams 
under static or impact load conditions. Moreover, the effective 
ways to apply FRCCs in local region of the beam without 
causing significant reductions in static and impact load 
resistances compared to the specimen made by placing 
FRCCs fully were also tried to find. 

 

MATERIAL PROPERTIES 

Table 1 shows the mix proportion of normal concrete (NC) 
and polyvinyl alcohol (PVA) fiber reinforced cementitious 
composite (FRCC). In order to secure sufficient workability, 
1.0 and 2.0 % of high range water reducing admixtures (S.P.) 
were added in the NC and the FRCC respectively. The amount 
of S.P. for the FRCC was larger than that of the NC, because 
workability of cementitious mixture easily decreased by 
adding fibers. Hydroxypropyl methylcelluose (M.C.) was also 
added in the FRCC for guaranteeing certain level of viscosity 
of the mixture. Fibers cannot be distributed uniformly, if the 
matrix had not proper viscosity. The water-cement ratios 
(W/C) of both mixtures were the same, and the ratio was 0.5. 

Table 1: Mix proportions of normal concrete (NC) and PVA 
fiber reinforced cementitious composite (FRCC) 

Contents NC FRCC 
Water(kg/m3) 204 375 
Cement(kg/m3) 408 750 
Fine aggregate(kg/m3) 876 - 
Coarse aggregate(kg/m3) 863 - 
Silica sand(kg/m3) - 954 
S.P.1)(%) 1.0 2.0 
M.C.2)(%) - 0.05 

vf
3) (%) 

REC15 - 1.6 
RF4000 - 0.4 

1) high range water reducing admixture to cement ratio 

2) hydroxypropyl methylcelluose to cement ratio 

3) volume fraction of fiber 



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 4 (2018) pp. 2030-2037 
© Research India Publications.  http://www.ripublication.com 

2031 

In the FRCC mixture, the fine and the coarse aggregates were 
not used, but 100 to 200 μm silica sand (Figure 1) was used as 
aggregate. Two kinds of PVA fibers, REC15 and RF4000 
were used, and the volume fraction rates of them were 1.6% 
and 0.4 % respectively. The volume fraction rates of the fibers 
were determined referred to Ref. 6 [6]. The shapes and 
properties of the fibers used in this study were shown in 
Figure 2 and listed in Table 2.  

 
Figure 1:The shape of silica sand 

 
(a) REC15 

 
(b) RF4000 

Figure 2:The shapes of PVA fibers 

Table 2:Properties of PVA fibers 

PVA fibers Length 
(mm) 

Diameter 
(μm) 

Tensile strength 
(MPa) 

Density 
(g/cm3) 

Short 
(REC15) 12 40 1,600 1.3 

Long 
(RF4000) 30 660 900 1.3 

Basic mechanical properties of the NC and the FRCC were 
measured following ASTM C 397 [7] and C16098 [8]. The 
results were listed in Table 3. The compressive strengths of 
the NC and the FRCC were almost same. However, the 
flexural strength of the FRCC was twice larger than that of the 
NC. Based on these results, it might be concluded that 
addition of fiber will contribute to improve its flexure strength 
not compressive strength. 

Table 3: Basic mechanical properties of normal concrete (NC) 
and PVA FRCC 

Contents 
Compressive 
strength 
(MPa) 

Flexural tensile 
strength 
(MPa) 

NC 53.20 4.79 

FRCC 54.23 10.32 
 

Static Load Test 

Test variables 

Several sets of static load tests were conducted and some of 
information about the tests could be found in Ref. 9 [9].The 
test variables for the static loading test were i) mixture type, 
ii) placing depth of FRCC, and iii) shear reinforcement. 
Figure 3 shows the nomenclature of the specimens for the 
static loading test.  

 

 

Figure 3:Nomenclature of specimens 

 

The first letter of the nomenclature means mixture type. Two 
kinds of mixtures, normal concrete (NC) and fiber reinforced 
cementitious composite (FRCC), were used to figure out the 
effects of fiber reinforcement on static load resistance. The 
second letter means placing depth of FRCC. Generally, 
material cost of fiber reinforced cementitious composite is 
more expensive than that of normal concrete. To suggest cost 
effective way to use fiber reinforced cementitious composite 
for making structural members, two kinds of partial placing 
methods were considered: i) half depth casting of FRCC 
(bottom layer of specimen), and ii) double quarter depth 
casting of FRCC (top and bottom layers of specimen). The 
last letter means existence of shear reinforcement. Detailed 
explanations of all specimens were listed in Table 4. 

 

N  N - S 

Placing depth of FRCC 
W: Whole depth
Q: Quarter depth in top & bot. layers
H: Half depth
N: None, only with NC

Mixture type
N: Normal concrete 
P: PVA fiber reinforced cementitious composite

Shear reinforcement
S: with shear reinforcement
N: without shear reinforcement
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Table 4:Test variables 

Specimen Details 

NN-S whole-depth placing of NC,  
with shear reinforcement  

NN-N whole-depth placing of NC,  
without shear reinforcement 

PW-S whole-depth placing of PVA FRCC,  
with shear reinforcement 

PW-N whole-depth placing of PVA FRCC,  
without shear reinforcement 

PQ-S double-quarter-depth placing of PVA FRCC,  
with shear reinforcement 

PH-S half-depth placing of PVA FRCC,  
with shear reinforcement 

 

 
(a) with shear reinforcement 

 
(b) without shear reinforcement 

Figure 4:Details of specimens (unit: mm) 

 

 
(a) with shear reinforcement 

 
(b) without shear reinforcement 

Figure 5:Sectional details of specimens (unit: mm) 

 

Specimen details and test setup 

Figures 4 and 5 show the details of specimens including their 
dimension and reinforcement layout. Total and clear span 
length of specimens was 2,200 mm and 1,800 mm. Four D16 
deformed rebars were used as tensile reinforcement, and two 
D10 rebars were used as compressive reinforcement. Shear 
reinforcement was placed using D10 rebar at every 100 mm 
from a support to the other support. For the specimens without 
shear reinforcement, compressive bar was not used (Figure 5). 

The details of the partial placing specimens such as PQ-S and 
the PH-S were shown in Figure 6. For the PQ-S specimen, 
PVA fiber reinforced cementitious composite was placed in 
top and bottom layers of the specimen and the height of the 
each layer was 72.5 mm, which equals to quarter depth of the 
specimen. For the PH-S specimen, the FRCC was placed only 
in the bottom layer of the specimen and the height of the layer 
was 145 mm, half depth of the specimen.  

 

 
Figure 6:Partial placing specimens 

 

The test setup for the static load test was shown in Figure 7. 
The specimen was simply supported using a hinge and a 
roller. One point load from an actuator was divided into two-
point loads through the steel frame under the actuator. Those 
two-point loads were applied to the specimen. Each load point 
was located at 750 mm away from the each support. Three 
linear variable differential transformers (LVDTs) were 
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instrumented at both supports and mid-span. Using the 
deflection data measured by the LVDTs, net deflection at the 
mid-span of the specimen was obtained. 

 

 

Figure 7:Static load test setup 

 

Test results 

Static load test results were listed in Table 5. The absorbed 
energy of each specimen in the table was obtained by 
calculating the area of under each load-deflection curve 
shown in Figures 8 and 9. Figure 8 shows the response of 
normal concrete specimens under static load and Figure 9 
shows response of fiber reinforced cementitious composite 
specimens. In those figures, x-axis represents a net deflection 
of a specimen at mid-span, and y-axis represents applied load. 

The NN-N specimen failed by large diagonal shear crack and 
its peak load was lower than the peak loads of other 
specimens. The absorbed energy of the NN-N specimen was 
much lower than that of the NN-S specimen (Figure 8). By 
placing shear reinforcement in normal concrete member, the 
absorbed energy until failure of that member might be 
improved. 

The PW-N specimen showed flexural failure mode, although 
the specimen had no shear reinforcement as same with the 
NN-N specimen. Based on this fact, it could be concluded that 
the fibers added in concrete can contribute to improve shear 
resistance of the concrete. Therefore, the required amount of 
shear reinforcement could be reduced or entirely removed in 
the members fabricated with fiber reinforced cementitious 
composite.  

All fiber reinforced cementitious composite specimens (the P-
series specimens) showed similar ultimate loads (Figure 9), 
but the maximum deflections of the PQ-S and PH-S 
specimens (partial placing of FRCC) were about half of the 
deflections of the PW-S specimen (fully placing of FRCC). 
Since that, the dissipated energy of the PQ-S and the PH-S 
were 54.2 and 55.0 % compared to the case of the PW-S. 

Table 5:Static capacities of specimens 

Specimen 
Maximum 
applied 
load(kN) 

Absorbed 
energy until 
failure(kJ) 

Failure 
mode 

NN-S 197.02 5.61 Flexure 

NN-N 159.12 2.14 Shear 

PW-S 216.88 14.82 Flexure 

PW-N 214.01 13.86 Flexure 

PQ-S 216.01 8.03 Flexure 

PH-S 217.34 8.15 Flexure 

 

 

Figure 8:Load-deflection curves of NC specimens 

 

 
Figure 9:Load-deflection curves of PVA FRCC Specimens 

 

Impact Load Test 

Test variables 

Several sets of impact load tests were carried out, and some 
information about the tests was also found in Ref. 10 [10].The 
test variables of the impact load test were the same as those of 
the static load test: i) mixture type, ii) placing depth, and iii) 
shear reinforcement. The nomenclature of the specimens and 
test variables for the impact load test were the same with those 
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for the static load test as shown in Figure 3, and listed in 
Table 4. The details and reinforcement layout of the 
specimens for the impact load test were the same with those 
for the static load test as shown in Figures 4 to 6.  

Figure 10 shows the impact load test setup. The test setup was 
planned referred to Refs. 11 and 12 [11, 12]. In this setup, 
impact load was applied by dropping the weight from a 
certain height. All impact load test specimens were fixed their 
both ends to prevent bounding the supports when impact load 
was applied. To drop the weight at the mid-span of the 
specimen vertically, two H-beams were installed on each side 
of the specimen. 

 

 
Figure 10:Impact load test setup 

 

Figure 11:Weight hanging from crane 

 

The mass of the weight used in this study was 270 kgf, and it 
made by pouring concrete in steel mold. The weight was lifted 
using a crane and dropped by cutting the cable tiding the hook 
of the crane and the hook of the weight (Figure 11). The clear 
height between the weight and top surface of specimen was 
1,800 mm. The expected impact velocity of the weights was 
5.9 m/s and the impact energy per a hitting was 2.68 kJ. The 

impact load test was stopped when the following phenomena 
were observed: i) shear failure with large diagonal cracks, ii) 
flexural failure with large deflection, and iii) severe local 
damages by spalling at the surface where the weight dropped. 
If the several spalling failure was occurred on the surface 
where the weight drop, additional cracks were not occurred 
and the width of the existed cracks did not change much, 
because most portion of impact load was dissipated in the 
damaged area and very small portion of impact energy 
transferred to entire member. 

 

Test results 

The crack widths in all specimens were increased by 
increasing number of blow. The changes in crack width were 
listed in Table 6 and shown in Fig. 12. In the figure, the x-axis 
represents number of blow and the y-axis represents crack 
width. Crack patterns when the test was stopped were shown 
in Fig. 13.The NN-N specimen failed at the first blow 
showing brittle shear failure. A wide diagonal crack (major 
shear crack) was formed from support to loading point. The 
width of the major crack was very large, so the crack width at 
final stage was not shown in Table 6.  

All specimens, except the NN-N specimen, larger flexural 
cracks at the mid-span were developed at the first blow. 
Furthermore, the negative moment cracks near each support 
and micro cracks along the concrete strut were also observed. 
The negative moment cracks were started on the compressive 
surface (top face), and then extended to tensile surface 
(bottom face). Compared to normal concrete (the N-series) 
and PVA fiber reinforced cementitious composite specimens 
(P-series), the numbers of the blow of the P-series specimens 
until the test was stopped were three times greater than the 
numbers of the N-series. The reason was that tensile 
performance was improved by adding fibers, and this 
enhanced tensile performance contributed to improve impact 
resistance.  

 

 
Figure 12: Crack width changes by increasing number of 

blow 
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(a) NN-S (after 2nd bow) 

 
(b) NN-N (after 1st blow) 

 
(c) PW-S (after 7th blow) 

 
(d) PW-N (after 6th blow) 

 
(e) PQ-S (after 6th blow) 

 
(f) PH-S (after 2nd blow) 

Figure 13:Crack pattern after last blow 

 

Table 6:Crack width changes by increasing number of blow 

Blow 1 2 3 4 5 6 7 

NN-S 1.8 3.3 
     

NN-N - 
      

PW-S 1.4 3.3 5.5 6.5 7.6 9.2 11.2 

PW-N 2.9 5.5 8.3 10.4 11.9 13.1 
 

PQ-S 2.5 3.7 4.9 5.7 6.9 7.3 
 

PH-S 2.9 5.8 
     

 

The PW-N specimen showed similar behavior to the PW-S 
until the forth blow. However, the PW-N specimen showed 
large shear crack at fifth blow, and the impact load test of the 
PW-N specimen was stopped at sixth blow. The PW-S 
specimen stood one more blow compared to the PW-N 
specimen. 

The PQ-S specimen (double quarter depth placing of FRCC) 
showed comparable performance to the PW-S specimen (full 
depth placing of FRCC). However, in the PH-S specimen 
(half depth placing of FRCC), concrete crushing was observed 
after the first blow and the test was stopped at the second 

blow. The top layer of the PH-S specimen was placed using 
normal concrete without PVA fiber. In the PQ-S specimen, 
the FRCC placed in top layer where the weight drop, so 
spalling failure could be minimized due to improved tensile 
performance by adding fibers. 

Figures 14 and 15 show time-deflection curves of all 
specimens. The deflections were measured at mid span, and 
the responses to 250 msec were plotted in order to consider 
the first drop stage. To compare the response at the first drop 
of each specimen could give valuable information to evaluate 
the performance of each specimen under impact load, because 
all specimens were not damaged right before applying the 
load. In those figures, the x-axis represents time, and the y-
axis represents the displacement at mid span. 

 

Figure 14: Mid span displacements of the N-series specimens 
at the first drop stage 

 

Figure 15: Mid span displacements of the P-series specimens 
at the first drop stage 

 

The maximum displacement of the NN-S specimen was 
reached around at 30 msec. and the value was around 70 mm. 
After reaching the maximum value, the value deceased, and 
around 7 mm displacement was remained as a permanent 
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displacement. The NN-N specimen was failed by the first 
blow, the maximum displacement was maintained (Figure 14).  

The PW-S and the PW-N specimens showed similar responses. 
The maximum displacements of them were around 18 mm at 
15 msec. The large amount of PVA fibers in the PW-N 
specimen might act as shear reinforcement, so large portion of 
shear could be resisted by the PVA FRCC (Figure 15).  

The maximum displacement values of the PW-S and the PW-
N specimens (Figure 15) were much smaller, and the time 
until reaching their maximum values was shorter than those of 
the NW-S specimen (Figure 14). However, the responses of 
the PQ-S and the PH-S specimens (Figure 15) were similar 
with the response of the NW-S specimen (Figure 14). Based 
on those facts, it might be concluded that the flexural stiffness 
of the beam could be enhanced by adding fiber, and the 
effects of fiber on enhancement of flexural stiffness would be 
maximized when the fiber added entirely. 

 

CONCLUSIONS 

In order to evaluate effects of PVA fiber and shear 
reinforcement on performances of reinforced concrete (RC) 
beams, the static and impact load tests were conducted. 
Impact load was applied to the specimens by dropping weight 
from certain height. 

1. By adding fibers in concrete, the required amount of 
shear reinforcement to prevent brittle shear failure mode 
could be reduced. The reduction in the amount of shear 
reinforcement might also bring reduction in construction 
cost by saving not only material cost but also labor cost 
for placing shear reinforcement [13].  

2. Static and impact loading resistances can be improved by 
adding fiber because tensile strength and ductility of 
concrete are improved by adding fiber. 

Moreover, some specimens were made by placing fiber 
reinforced cementitious composite (FRCC) partially and their 
static and impact loading performances were compared to the 
performances of the specimens made by placing FRCC fully. 
By analyzing the results, proper way of applying partial 
placing method was suggested. There were two partial placing 
methods in this study. The first method was to place FRCC 
only in the bottom layer, and the second one was to place in 
top and bottom layers.  

1. Under the static loading condition, the partially placed 
specimens made using two different placing methods 
showed similar behaviors with the fully placed specimen 
until they reached their peak load. However, the 
deformations when the partially placed specimens were 
failed were much smaller than that of the fully placed 
specimens.  

2. Under the impact loading condition, the partially placed 
specimens using the second method had similar impact 

load resistances compared to the fully placed specimen. 
However, the specimens made using the first method 
showed smaller resistances compared to the fully placed 
specimens showing severe spalling failure at the area 
where the impact load was applied. 

3. In order to apply FRCC partially to the specimens 
maintaining their impact load resistance, the FRCC 
should be applied not only in tensile face but also in 
compressive face. 
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