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Effect of Hybrid Fibers on the Engineering Properties of HPFRCC
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Abstract

For the construction materials, concrete, as the most widely used material, is focused on its improvement of
performance. Although concrete has many advantages of easiness of handling, economical benefits, and high
compressive strength, low tensile strength, brittleness and drying shrinkage are reported as the drawbacks of concrete.
Hence, to solve these drawbacks of concrete, many research has conducted especially using fiber-reinforced concrete
technology. Especially, HPFRCC which has high volume of fiber reinforcement was suggested as a solution of these
drawbacks of normal concrete with increased ductility while it has the possibility of workability loss with fiber
clumping which can cause low performance of concrete. Therefore, in this paper, optimized fiber combination with either
or both metal and organic fibers is suggested to provide better performance of HPFRCC in tensile strength and
ductility. As the results of experiment, better workability was achieved with 1 % of single fiber rather than multiple
fibers combinations, espeically, short steel fiber showed the best workability result. Furthermore, in the case of organic
fibers which showed higher air content than steel fibers, higher compressive strength was achieved while lower tensile

and flexural strength were shown.
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Table 1. Experimental plan
ltems Variables
W/B(%) 25
Binder OPC:FA:SF = 7:2:1
Target flow 1 1504100
(mm)
Target air
content (%) 2010
Control ' )
mixture No fiber(Plain)
SL
SS
Single fiber
oL
0s
Mixture SL+SS
SL+OL
B_inary SL+OS
Fibers 6 fibers Ss+oL
compositions SS+0S
OL+0S
SL+SS+OL
Ternary SL+SS+0S
floers SL+OL+0S
SS+OL+0S
Quaternary
(all) fbers ~ SLTSS*OLHOS
Fiber
content (%) 10
- Flow test
Fresh concrete 2 . Air_content
- Compressive strength
Test (7, 28, 91 days )
Hardened - Tensile strength
concrete (7, 28 days)
- Flexural strength
(28days)

640

Table 2. Physical properties of cement

Setting time Compressive
Densgy Blaine (min.) strength(MPa)
(glem”)  (cm“g) ” )
Initial Final 3D 7D 28 D
3.15 3 390 230 345 24.8 39.3 56.9

Table 3. Physical and chemical properties of fly ash

; . Moisture
Densi Blaine L. O. I SiO2
gom)  (oml (%) (%) o
2.21 3 520 4.60 52.3 0.13

Table 4. Physical and chemical properties of silica fume

Chemical composition (%)

DenS|3y Blaine L. O. L
(o) emYg %) g0, A0, Fe0s CaO MgO
220 160 000 005 9665 167 003 038 019

AFHTEE ARE SUsHA] @2 Plain Higte] 7442
A 0018}, Steel Long fiber : SL), TAI-{0]5}, Steel
Short fiber : SS) -7 14d-3-2] ZA4-8(2]3}, Organic Long
fiber : OL), ¥d-3{2]8}, Organic Short fiber : OS)E
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Table 5. Physical properties of Steel fiber

; Tensile
Length Diameter -
Types Aspect ratio strength
(mm) (mm) (MPa)
SL 35 0.53 66 1108
SS 13 0.12 108 2 650
Table 6. Physical properties of Organic fiber(Nylon)
; Tensile
Length Diameter -
Types Aspect ratio strength
(mm) (mm) (MPa)
oL 30 0.47 63 650
oS 12 0.023 521 520

(b) SS fiber

(c) OL fiber (d) OS fiber
Figure 1. Shape of the fibers

1) Test set-up for tensile
strength measurement

Figure 2. JSCE-E-531

2) Tensile strength test
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V722 After 25 times impact
Hl After with drawing flowcon

Fiber combination

Figure 3. Flow according to fiber combination

Air content (%)
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Figure 4. Air content according to fiber combination
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Fiber combination

Figure 5. Compressive strength according to fiber
combination

Tensile strength (MPa)
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Fiber combination

Figure 6. Tensile strength according to fiber combination
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Figure 7. Toughness index according to fiber combination

Table 7. Overall analysis

Flow

Fiber combination Initial value Sample Coerrzrnegs;lve Tensile strength Toughness index Flexural rigidity
value
SL O (D) e} o [ [ ]
SS o o o o o [ ]
oL @) [ D) [ D) o o o
0os ¢) ) ® ] o ©
SL+SS O © © ® o o
SL+OL [ D) © @) [ ) [ ) ©
SL+0OS @) © O [ ) o ([ ]
SS+OL o) © o ¢} o) (D)
SS+0S o) © ] o} ¢} o
OoL+0S @) [ D) @) O ) @)
SL+SS+OL o) © @ @) o) o
SL+SS+OS @) [ D) o © o ©
SL+OL+0S @) [ D) @) O @) @)
SS+OL+0S [ D) © O @) @) O
SL+SS+OL+0OS @) [ D) O [ [ ] [
For the symbol @ : Good, © : Normal, O : Bad
Annotation : 1) For flow, if the difference between hybrid fibers and average result is in the range of *2 % means normal,

higher than 2% means good, less than 2% means bad

2) For the compressive strength, if the difference between hybrid fibers and average result is in the range of *2 %
means normal, higher than 2% means good, less than 2% means bad

3) For the tensile strength, the difference between hybrid fibers and average result is in the range of #2 %
means normal, higher than 2% means good, less than 2% means bad

4) For the toughness index, the difference between hybrid fibers and average result is in the range of *2 %
means normal, higher than 2% means good, less than 2% means bad

5) For the flexural strength, the difference between hybrid fibers and average result is in the range of *2 %
means normal, higher than 2% means good, less than 2% means bad
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Flexural strength (MPa)
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Figure 8. Flexual rigidity according to fiber combination
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