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Research on fracture toughness of hybrid-fiber ultra-high performance
concrete with steel fiber and different synthetic fibers
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(Hunan Key Laboratory of Green Construction and Maintenance of Bridges and Buildings in Changsha University of
Science & Technology, ChangSha 410114,China)

Abstract: In order to explore the fracture performance and mechanism of ultra-high performance
concrete (UHPC) , the effect of polyvinyl alcohol fiber (PVA) and polypropylene fiber (PP) replacing
part of steel fibers on the fracture performance of UHPC was studied by three-point bending fracture
test with the substitution rate of synthetic fiber as the variable. The modified double-K fracture
toughness formula and fracture energy formula were used to calculate the fracture performance indexes
of UHPC with different fiber contents. The results show that, the phenomenon of "secondary
hardening" occurs in the load-CMOD curve and obvious fluctuation can be found in the descending
section of the load-deflection curves after replacing part of steel fiber with synthetic fiber (PVA or PP).
The initiation toughness and ductility of UHPC could be effectively improved by replacing part of steel
fiber with PVA fiber, and the cohesive toughness and bridge connection toughness are decreased, as so
to reduce the unstable toughness. When PP fiber is used to replace part of steel fiber, the fracture
initiation toughness of UHPC is slightly decreased, but the unstable toughness and fracture energy are
reduced significantly. The fracture mechanical properties of UHPC could be comprehensively improved
when 30% of steel fiber is replaced by mean proportion of PVA fiber and PP fiber, which is the most
ideal solution for replacing steel fiber.

Key words: UHPC; hybrid fiber; replacing steel fiber; fracture toughness; fracture energy; bridge
connection toughness increment
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Fig. 1 Schematic of main parameters of unstable toughness
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Table 1 Physical and mechanical properties of steel fiber,

PVA fiber and PP fiber
é?%’é WK EAR BVERE/ BrhiwRE/ S
i geem® mm pm GPa MPa
WY 7.80 13 200.00 205.0 2 800 Bk
PVAZF4E 130 12 15.09 35.0 1500  H
PP4F4E 091 19 48.00 4.8 486 JERE7

(b)PVA £ 4

(c)PP £ 4k
Bl2 4R4 4. PVA Y %A= PP 4 5

Fig. 2 Steel fiber, PVA fiber and PP fiber samples
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Table 2 Specimen number and corresponding volume

content of each fiber %
AR T4 PVA 414 PP 414k y
S1 2.0 0 0 0
S2 1.8 0.2 0 10
S3 1.6 0.4 0 20
S4 1.4 0.6 0 30
S5 1.8 0 0.2 10
S6 1.6 0 0.4 20
S7 1.4 0 0.6 30
S8 1.4 0.3 0.3 30

23 RHFHESFP

UHPC IR AR 38 BRI AR SR AR 7797 2 3l an ]
3~4 7R
KR HEMK

L NS VN
EEN

i g [QAremin

3 RSt
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Fig. 5 Notched beam specimen and fracture test device
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Fig. 6 Fracture failure modes of specimens in each group
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Table 3 Calculation results of fracture parameters

ZERs 2% CMOD/mm  a/mm P,/kN P../KN  KIM/MPasm'>  K!/MPaem'? J,/mm G/Jom?

S1 0 1.427 29.679 2.582 7.466 1.241 17.203 8.148 16 582.27

S2 10 1.229 29.545 2.492 5.967 1.298 14.826 9.204 14 312.84

S3 20 0.991 27.189 2.823 6.832 1.356 12.087 9.711 18 983.83

S4 30 0.606 24.545 3.473 5.711 1.665 7.567 7.766 14 328.86

S5 10 0.958 29.983 2.386 4.462 1.148 11.000 9.061 9451.09

S6 20 1.054 28.601 2.244 5.802 1.080 11.445 8.692 16 686.09

S7 30 1.41 30.082 2.301 4.743 1.108 12.064 9.209 12 834.14

S8 30 1.132 29.464 3.107 7.887 1.491 17.700 8.156 16 704.87
Bl 8. A0 HEHAARFRREEY  AA30% N 4En, HFUHPC /)% T 2 4E it 2 5
FE, CLLGRS & A4 )5 AR LT MR R RE ) B T B AN AT 4E UHPC (. XX A AT 49 21 4k

W (B STALF ), HitRa Rk 4.
HR 40750, B DL PVA 1 4E 5 PP 41 4 B AR AN 4T
Y, LT YENTIE N 75 R T8N ) B 4% 2R i Ak 1A 8L
SRREED 7AW R R, HER RGBSR AME .
ifi PVA 15 PP £F 4 3% [A] B A 2 #0247 4E i (S8),
FRWERI T 1.5%, HAHEMEEEENIE
e (H10.247), 3FhETYERER LRI P L 5 K A
Gk AP OR SRR A 7 A O M 2 L g xf 2
e Rumon LN T BRA W BRI R AOR, PELER
BN, B — IR 1 DL 2 B 2 RO & B AT 4
REBERIM WYL A HEBEREHAITZ
AR
Ra BRWEHFRFEMEG T LR

Table 4 Calculation results of cohesion toughness and fiber

bridging toughness increment

5 Y% K{/(MPasm”) AK:/(MPasm”)
S1 0 15.962 0

) 10 13.528 —2.434
S3 20 10.731 —5.231
S4 30 5.902 —10.060
S5 10 9.852 —6.110
S6 20 10.364 —5.597
S7 30 10.956 —5.006
S8 30 16.209 0.247
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IR, HLLPVA B PP 4 4T & — il 4F 4
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FEW %A 3G9, 1 LASE R 1 PVA 5 PP 4R 4 3L A &

PVA 474 5 PP 47 4 2 B R 45 It [ ST 468 ). 7
PEEFRERT, AN/ PVA 47485 PP 4F4E3H 78
TR AR N SRR, BRI T HFUHPC ¥)
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PVA 4T 4 [ R H AR, A Inom 27 4k 5 VR
THEAAF IR ), B DB R sk
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MR )G, WAAAFHMERER S, KER
T K VR - R [ B D BRI RE AL, LR
/N[ S T BE AU AN £ 4 77 AR R BN, F) o BRI AT 4
BN SR B T M E R, A R 1E e g%
(R FE o BRI B & B (1) PVA 2T 4 [l 5 fur 232 T
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T4k s 38K, A 4E I AE B RN o IR, 3
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Y5 PPASAMAI R, SWFYErE
CORYEIEB” HLEICY, T R AE T R A AL R
& 71, BHRPHIE T HFUHPC 2 4% 18] 1 21 4 ik
BE— B TR . PVA £F4E 5 PP AR 4R
HAHERAZAHERB IV, R THT
WA Y5 & T S SRR N s e, I
FEA T IEBARRLIRL, AT AE B T W R R 1)1
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REfmR, IEMEmH:, MR 19.2%. 14.5%.

2) UPPHHEBNR—EENAH, 2380 E
A2 UHPC iR R W) BE/NIE R B, p=20% B}
BI&, TFET 13.0%; e SERRTIESBR6e
B R B, BEE y=10% B & %, 2 5 F B#
36.1% 40.0%. PP L4 BACH N LT 4L, fe/MR
T RSN AT 4E UHPC R A 1 W IR A 78 1

3) LF4E. PVA 445 PP 4R 4k 3L FI3E (1 2L
RRUF, 3FhET4EREAE R4 T M R B BOR 4% B
SRR, H=F R 487 Pk {6 ZF
YETE MR IR, A RO TR A 4 1 D T
kT 28 40 e AR AR PO S5 B, DT E B2 T i 2 1
150U T A BFAR A . DASE R I PVA 414t 5 PP 4F
Yk, ILFEIFAR30% ML 4E, BEIE = BB AN 4 4k
UHPC IR . BRPE . RIEEWE. W
Mk f &5 W& ae, 808 9 5 N 20.1%-
1.5%< 2.9%. 0.1%-. 0.7%.
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