A1 A S G N NI - Vol.41 No.4
20194F8 H Journal of Wuhan Institute of Technology Aug. 2019

XEHS:1674 - 2869(2019)04 - 0380 - 06

B SR A s % VAL ] DX TR 2T 4 TR 1 ) P fig
Je LR TR 5E

FARANESR,E B EERAT, B
1. S B A ik TR AR ARG, S £ 236000;
2.fiiil%ik%—‘i)}ilﬁ%;%%’%—l‘%,%fub &, 430074

WOE T A G ke A T IR E - e A D RS O, AR SGE b IR I A T IR A A 4
TR EE + T 2 PR R B . WS M T IR R AT TR - TR AR LB 5 B 1 T 38 4R 4R 4T Mk IR
AR IR b 2 B A A SRR R R BB R B AR EE b, IR IR AT T PSR EE P SER EE ABL R R
B A P TIRZRON B8 T BRI A ek BB . 25 B NG R BB R 1.5% 5 B R A 4
RAIB 5 0.129% K], R 2% 2F 2 VR B 1 e 90 i B AF i8R L 1 d A3 d Sy IR0 R 3 B 2 5 T 30.9% I
31.7% , 1 d F1 3 d Po 47 58 B 2 05 T 81.4% Fll 65.5% , 50 Y5 Rl A6 21 )5 5 JE 51 28 R N 2.5% , i ik K Ny
0.6% o A SCHYWFFT L5 FL AT T2 6 1 0% A 20 208 0 A T RN 0 T 4 v o 5 1) T R 7 AN 1

KB IR IRETAE ;s Jy 2 VR 68 s DUV 5 386 181 DCIR B 1 s M Al 4 2

FESES: U416.217 SCERFRIAD : A doi: 10. 3969/j. issn. 1674-2869. 2019. 04. 015

Experimental Study on Mechanical Properties and Frost Resistance of
Hybrid Fiber Concrete in Anchorage Zone of Bridge Expansion Device

JIANG Yungqing', LIU Hongwei', LI Liang’, HUANG Minshui”,HU Guoxiang’
1. Anhui Xinlu Construction Engineering Co., Litd, Fuyang 236000, China;
2. School of Civil Engineering and Architecture, Wuhan Institute of Technology, Wuhan 430074, China

Abstract: To increase the service life of concrete in anchorage zone of bridge expansion device and reduce the
maintenance times, the mechanical properties at early stage and frost resistance of hybrid fiber concrete were
studied. Firstly, the mechanism of hybrid fiber concrete was analyzed. Secondly, 38 groups of hybrid fiber
concrete specimens were prepared, in which two fibers were added with different volume fractions, followed
with the investigation of compressive strength, rupture strength and frost resistance. Finally, the hybrid effects
were calculated and the optimal fiber volume fraction was acquired. The results demonstrate that hybrid fiber
concrete shows best performance when a 1.5% volume fraction of steel fiber and a 0.12% volume fraction of
polyvinyl alcohol fiber are added. Its compressive strengths increase by 30.9% and 31.7% , rupture strengths
increase by 81.4% and 65.5% respectively for 1 d and 3 d specimens. After 50 freeze-thaw cycles, the strength
loss rate is 2.5% and the mass loss rate is 0.6%. These results have great engineering application values in new
projects or maintenance and replacement works of highway expansion devices.

Keywords: hybrid fiber; mechanical properties; frost resistance; concrete in anchorage zone; bridge

expansion device

Wr#E B #3:2019-03-19

EE€WE 2B BB RGBT H (32 RHER[2017]574 5)

EER /v 2 AR, P LA, E-mail: 985256670@qq.com

#EIES  H K A B2 PZ. E-mail: huangminshui@tsinghua.org.cn

BI3CAE N L AP, X EA 2252, A5 W A 4 U 1 DU 2 2F A VR 1 g A M e BB R I e e [ . sl TR
K241 ,2019,41(4) :380-385.



o 43]

LRI M T A e A [ DXVR = A AR VR B - T S PR R R R I A Y 381

e T A 4 2 0 M % 1 S A R 1, L 3
Fa AL R, B R AR fr 4 S A2 bk, 7RI
TF it T BRI BRSO SR E A R L Bt TR
i 2 A LA R o T A A 2k Y L AR
RARE b2 oh 5 ] IXR BE b AO BEA S S 1  1%
58 110 A 247 2 e (] DX TR O 1 T A FH A A ek LA ik
BB 8CR AR AE T A B S WP AN T e
i H A MR S5 B 22 e — s IR ARt 2
0 PR LURE s i A L, BRI IR, B 1k
SCBPATE

YR BE LR —Fh 2 SIREE LKL, B LT
A 53 FAE K YR s DK sl R B T 2 R A
PUHAL BB BT B2 BT 0 55 P RE AE 4% Bl R B 4
R TRRVE 2] 77z 0, A N 4
TR EE 1+ F1 3 £ B (polyvinyl alcohol ,PVA ) £F 4E R
BE A 2 A AR Yl fy T 0 R A
RE f% A7 RUCHE o TR B - A Y iR 32 T AR 5 A
) PVA £ 4t A B0 19 4 A Ve 3k 3 )4 19 )
PE o BB IX 2 Fh 2T e 42 IR — 5 1Y LE R A48 A
REE L BE T #-PVA IR AR LT 4R EE L. A
S RIS TR I 4 e xR BE R0 ) 2E b
AE M BT AR RS2 R, 3R A% T I IR AT 4B 4,
TR AR 2T A TR B - TR A B A 4 2 b i 1 i it
AR

1 SR FMIE

TR 2% 21 2 R i+ 2 2 Fh &7 4 m AR 8 £
AT R E A W BE AR MR R MO HLEL 43
S 2%, LIRSS v LB, 5980 5 — £ 2 4
Fb , 8 IR 2% 47 2 Xof TR 956 4 S AP AT S A S I

B 2T 2 HAT HURLR B AR AR A
B A BT Y 1) TR Bk - LB 5 B AT T 5 A X
FIREE + IR AR KRR 4 & o 1 PVA 214
55K U8 B 2 R G R G AR 1 B8 32 B o
PVA ZF 2 5 7K e 2 1] (% A 5 %66 45 7 it 7= A2 1
PV A 5 4 0] DL ] TR V68 - N 30 235 440 A 1k S 4 I F
I MR PR YRR AR Y Ik R 42 T
A LA AT 2 R 1 R AR T 24 1 e () g T
PR A TR AR RE S o i H PV A £F 4 2SRk
BL T £ 4, 7K 3 2 W 2T 2 A A2 W AT AR X 25 K
BLTEIREE R R R B OCEEN .
MIIREE T, PVA S 4EIR BE - K 78 K it R IR
A —E R RRAL . P, K8 KAk B R =
Az W K AR = W R K AR RNE IR K G 3 45 T A AR
PVA £F 2 (1) R T , 3 26 ) ot 4 3] — o 72 3 2 3

TE 78 KK o B B/ N T8, AT B 1k TR € 1 Y 28 1k
LR T B g TR BE L R

T LA, PV A £ 4 15 50 £F 4 %) TR 5E 1 5 1 1 48
SR ARIONE AN T RH ELARAS o S A Of U 24 VR B - B
UK, PVA 2 2k 55 8 21 A K 22 0 1R 58 £ 7 A T 5ik Y
YERT, SR 4w 1R BE 1 A 5R B2, A5 00 14 1
.

2 e

2.1 E#

AP 5 R HI DA K e ) 1Y P.O 42.5 2%
30 A 1R R 7K e 5 S e vh i HH 3 %) REL B R Y B A
P BCHE TAE 5~20 mm ; T8 K ) Ry ZE 0 R Al D I AR
G OKF R 15% , AR TBUIB R 0.75% ; F 4T
4t (75 By 16 508 MBI A B R A W) IR IE ), PVA
WA LR RAE TR ARA A, 6 mm) &1
R LR I ARAE , EEESHOLE 1,

Bl FHERSNREFE: (a) PVALTFLE, ()W %
Fig. 1 Appearance characteristics of fibers:

(a) PVA fiber, (b) steel fiber
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Tab. 1 Physical properties and main parameters of fiber

WRE T S VA (Y S

.
o (kg/m)  HKF /% MPa GPa

WMe4E 7800 25 1200 200
PVAZF4E 910 17+3.0 1 400-1 600 35-39
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Tab.2  Test mixture ratio design kg/m’
ke ¥ Ly K ls%il!
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Tab.3 Fiber volume fraction
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Tab. 4 Steel fiber volume fraction
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Fig. 2 Effects of different fibers on compressive strength of
concrete: (a)total fiber volume fraction is 2%,
(b)maximum steel fiber volume fraction is 1.5%
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Fig. 3 Effects of different fibers on rupture strength of
concrete : (a)total fiber volume fraction is 2%,

(b)maximum steel fiber volume fraction is 1.5%
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Fig. 4 Effects of different fibers on freeze-thaw resistance of

concrete: (a)strength loss rate, (h)mass loss rate
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Fig. 5 Ordinary concrete failure forms:

(a)cube compression, (b)rupture
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Fig. 6 Hybrid fiber concrete failure forms:

(a)cube compression, (b)rupture
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