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Tensile Behavior of Hybrid Fiber Reinforced Cement Composite According to the
Hooked Steel Fiber and Polyvinyl Alcohol Fiber Blending Ratio and Strain Rate

Min-Jae Son', Gyu-Yong Kim?*, Sang-Kyu Lee’, Hong-Seop Kim®, Jeong-Soo Nam’

Abstract: In this study, the fiber blending ratio and strain rate effect on the tensile behavior of hybrid fiber reinforced cement composite was evaluated.
Hooked steel fiber and polyvinyl alcohol fiber were used for reinforcing fiber. The fiber blending ratio of HSF+PVA were 1.5+0.5, 1.0+1.0 and
0.5+1.5v0l.%. As a results, the tensile strength, strain capacity and fracture toughness of the hooked steel fiber reinforced cement composites were
improved by the increase of the bond strength of the fiber and the matrix according to increase of strain rate. However, the tensile stress sharply decreased
after the peak stress because of the decrease in the number of straightened pull-out fibers by micro cracks in the matrix around hooked steel fiber. On
the other hand, PVA fiber showed cut-off fracture at strain rate 10°/s with multiple cracks. However, at the strain rate 10'/s, the multiple cracks and
strain capacity were decreased because of the pull-out fracture of PVA fiber. The HSF1.5PVAOQ.5 shown the highest tensile strength because the PVA
fiber suppressed the micro cracks in the matrix around the hooked steel fiber and improved the pull-out resistance of hooked steel fiber. Thus, DIF
of strain capacity and fracture toughness of HSF1.5PVA were greatly improved. In addition, the synergistic response of fracture toughness was positive
because the tensile stress was slowly decreased after the peak stress by improvement of the pull-out resistance of hooked steel fiber at strain rate 10'/s

Keywords: Strain rate, Fiber blending ratio, Tensile behavior, Dynamic increase factor, Synergistic response

.M E

FaREE A, 2 34 53 e 3

T 12

rE

3 &I (High
strain rate) 2] Skl tfoto] F/dH 02 mharx] o] Aot
(Islam and Yazdani, 2008). ©]2]gt 232 E o] A<l u})
S4< 75| slste] AEA Az ol hd-f-5 UM A+
K7} AHIEA E9HA|(Fiber Reinforced Cement Composites,
ofs} FRCCZH AREEIRom, T A 67 AlIE 5]
(High Performance Fiber Reinforced Cement Composite, €]}k
HPFRCC)= w744 91615 sl ths w27t HE 78t A

o

I ox,
o 1 o

R

'shAy 59, Sl st A 5F sk ALy

4|9, SIS ASFET] 25, FEEAL TAAA

319, NS 1533t WAy

8], F TS A% 33} BK21 Fe 2 AR, w5 A7)

8)g, Fdhstm %3} 2w, oA}

*Corresponding author: gyuyongkim@cnu.ac.kr

Dept. of Architectural Engineering, Chungnam National University 99 Daehak-ro,

Yuseong-gu, Daejeon 34430, Korea

B =0l tidt B0 E2017'd 12 1Y7HA] 818 2 HUFAIH 2018'd 12
Sof| E2ZAAE AASHISUTH

o ofsl] o 2] 55 S2lo] 2| R Aole).
sh, 490) 9] 9 o), B4 E4o| thE £ SR o)y

—_

== = O T oOIT
o] AiE TRt 148 slelHAE HAREA AMEESA

(High Performance-Hybrid Fiber Reinforced Cement Composite,
o]} HP-HFRCC)E THo| 3.2 W F(micro crack)yt tiA2
H(macro crack)oll tiste] ZF2Ee] Al-f7F Gt o 2 2R-8617]
ofZof] 2.0vol.% ©Jote] EYPEINE 2t - A E 2
7ol SR ETky B w3 QT Lawler et al., 2003; Kim et
al., 2005; Ahmed and Maalej, 2009; Yi and Ha, 2014; Choi et
al., 2015).

uaba], Z|Zofl= HP-HFRCC 2] ¥t EAJS HIkelr] <%t
CRFet d97F £ 11 QJr}. Kim et al.(2011)2 Zo]7} th2
RS AR AHME EA o] FAdS 436t o H, g
RS 2olte] HAR A TR B oK T

Al

Copyright © 2017 by The Korea Institute for Structural Maintenance and Inspection. This is an Open Access article distributed under the terms of the Creative Commons Attribution
Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)which permits unrestricted non-commercial use, distribution, and reproduction in any medium,

provided the original work is properly cited.



]_

38

E} Kim et al.(2009)2 Zo|7} T}2 F Z50] pyA 82
Eﬂ-o]— }\]UﬂE Eo]—x-"j]— 710]7]. ZEZQ-S PVA /R—Lﬁ,% =}
2t AeHE SA5ESl tiste] 45t ol v 2] &5
EHHO*E]'_T’_ H5IATE Nam et al.(2017)2 3%
9} PVA 492 E3lslo] HJSH AME BakA|7} &3
EL PVA AQE Tholg Hke AJHE Babd|Er
poi ot mfA]a o] B 943 A0 2 B s,
to] HP-HFRCC 2] &5} £
el S, 37 2 Bsksel ohet np
°ﬂ et A7 HiFRo |, AHEPE

o & HUomol
Jo o I i
£

o ofl o ofr e rloi ok
| (NN

N
o

:‘o

®
m\l

o)
ru

ool ofN
3 o
o
=2
_>|:

Jm
s
2
)
ol i
o
rr
T
JN
r&"

A
A HPFRCC] QP AF-E B} Ar9] F5Fell w2t g2y,
HP-HFRCC+= F &5 oV AR Eg=]o] B~ *Qﬂ T
ol 27} 31%0] FFol T AT U u
F33 gEs} ofsl Basi,

ool 2 Qo Zol} e Asel Tl Te
HP-HFRCC 2] Q1A750] u|2]= P& 0] §iHE E45)7]
A5, a2 53 73d-H(hooked steel fiber, |5} HSF),
A2 EHIYT-E Ad-f(polyvinyl alcohol fiber, ©]ok
PVA)E AR&ste], ZH2E AG-2] E9tHlE Z4sto] HP-HFRCC
= AlZsich HRSE 10959 1052 HYolA Azt
HP-HFRCC 2] 2] 0I1ZFA| -8 4=3) o]—_Tl_ S8 A oA

Table 1 Details of specimen

J=, AgeY 9 oty ool diste] sty on, WS,
5T 9 2o O gt E A o] ok Agat
=2 HP-HFRCCQ AT L 1}

21 A A=
Table 1] A|AA|2] =S LERHSITE 2 AollA= 44
et 9] stelEEE HAto]| SJjt HP-HFRCC 2] 1737
Fol vRl= HEEEe] Y2 B flste] HSFeF PVA
£ Z¥ZF1.5+0.5, 1.0+1.0, 0.5+1.5v0l.%2] H]&-2 H7}5}o] HP-
HFRCCE A5 0™, HSFE 2.0vol.% B BAeh ARt
AJHIEESHA|(High Performance-Mono Fiber Reinforced Cement
Composite, ©]5} HP-MFRCC)E 572 A2+t

22 A= A g
wamﬂ@ﬁmﬁﬂ%ﬂ£%€%¢khwﬁ}MﬂEh
% 2% EEWE AWES AL3IRLon], Ago] BAry

.&4%W5ﬂ*4w%@iﬂﬁﬂﬂﬁﬁﬂ%ﬁg}-ﬂﬁ

r,]-' 71‘_}5'2_7*]194 UHEF‘J/\_J :rpzu-h,]. bS] O_J _,_/\]-x-l (o) iE

olr
O—r’ »—A

Type" ID.?

Fiber type Volume fraction(vol.%)

HP-MFRCC HSF2.0

Hooked steel fiber 2.0

HSF1.5PVAOQ.5
HSF1.0PVA1.0
HSF0.5PVAL1.5

HP-HFRCC

Hooked steel fiber 1.5+0.5
+ 1.0+1.0
Polyvinyl alcohol fiber 05415

YHP-MFRCC : High performance mono fiber reinforced cement composite

HP-HFRCC : High performance hybrid fiber reinforced cement composite

YHSF : Hooked steel fiber reinforced cement composite

HSFPVA : Hooked steel and polyvinyl alcohol fiber hybrid reinforced cement composite

Table 2 Mechanical properties of the used materials

Materials Mechanical properties
Ordinary portland cement, Density : 3.15 g/cm®
Cement Fineness : 3,200 cm?/g
Fly-ash Density : 2.20 g/cm’, Fineness : 3,000 cm%/g
Silica sand Type 7, Density : 2.64 g/cm®, Absorptance : 0.38%

Super plasticizer

Polycarboxylic acid type

Hooked steel fiber(HSF)

Length : 30 mm, Diameter : 0.5 mm
Density : 7.85 g/cm’, Tensile strength : 1,140 MPa

Polyvinyl alcohol fiber(PVA)

Length : 12 mm, Diameter : 0.0426 mm
Density : 1.30 g/cm’, Tensile strength : 1,300 MPa
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(a) Hooked steel fiber(HSF)  (b) Polyvinyl alcohol fiber(PVA)

Fig. 1 Picture of used fiber

Table 3 Mix proportions of HPFRCC

fi  W/B  Unit weight(kg/m’) Fiber
MPa) (%) C FA W S (kg)

60 40 850 150 400 350
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(a) Geometry of tensile specimen  (b) Static tensile test set up

Fig. 2 Geometry of tensile specimen and test set up for static
test(strain rate : 10°%s)
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\

(a) Rapid loading test equipment

(b) Geometry of tensile jig

Fig. 3 The rapid loading test equipment(Strain rate : 10'/s)
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Fig. 5 Tensile stress versus strain curve by strain rate
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Fig. 6 Multiple micro-cracking behavior of HPFRCC

Table 4 Tensile properties of HPFRCC

Strain rate Tensile strength

Strain capacity Fracture toughness

ID.
/s MPa DIF % DIF N'm DIF
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' 10! 10.17 2.90 0.67 1.94 12.73 1.52
10°¢ 3.86 - 0.27 - 9.08 -
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10°¢ 3.07 - 0.44 - 9.25
HSF1.0PVAL.0 |
10 8.65 2.82 0.40 0.90 15.88 1.73
10 2.71 - 0.60 - 8.41 -
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10 7.24 2.68 0.32 0.54 14.61 1.74
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