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Fracture Performance of High-Performance Cement-Based Composites
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Abstract: Three-point bending tests were carried out on high-performance cement-based composites(HPCC) us-
ing notched beams with different fiber contents (0%, 1%, 2% ). Bending strength, residual strength, initial
fracture toughness, unstable fracture toughness, fracture energy, and brittleness were analyzed from the ob-
tained F-CMOD curves, and the fracture surface was tested by scanning electron microscope (SEM). The re-
sults show that steel fiber content has a significant effect on bending strength and residual strength, but the ini-
tial fracture toughness is not affected by steel fiber content. The unstable fracture toughness of HPCC with steel
fibers can increase over 8 times, but the steel fiber content has a certain limit about 1% on the unstable fracture
toughness improvement of HPCC. The fracture energy of HPCC with steel fibers is greatly improved, and in-
creases gradually with the increase of steel fiber content. Steel fiber can effectively reduce the brittleness of
HPCC, but higher steel fiber content has no significant effect on the brittleness of HPCC. Formation and propa-
gation of microcracks in HPCC at the initial stage of loading are mainly determined by the property of the ce-
ment matrix. The failure of steel fibers has undergone a process of debonding and peeling between fiber and ma-
trix. The failure mode is that the steel fiber is pulled out without breaking.
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Table1 Mix proportion of HPCC
kg/m*

Specimen Cement Water Superplasticizer SBT-HDC  Sand

HPCCO 770 176 17 330 1100

HPCC1 770 176 17 330 1100

HPCC2 770 176 17 330 1100
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Fig.1 Loading mode and geometry of specimen
(size:mm)

1.3 METmHEREES T
38 13 Hitachi SUS100 B 47 4 w45 e W 238 1 K



5 634

TROSCHE 55« i PERE K R AL 52 & 4 T 2L 1R 1141

SIS, L — 48 8 HPCC BB SR WL R 1F 25
8 R Je DA VBT 28 T IO , I TE 7K £ T3 3 DA T ok 3k
AKACAFFE RS2, 72 2EA T SEM IR AT, 4 FE i B T
FLAS AR T T4 24 h.

2 HREH5H

2.1 WIRES

HPCC i i B KB S i’ 2 o . i B/l 2 )
U2 5% F AN 5 40 2F 4 1) 14 HPCCO, 24 80— HL /&
RPRE 21 T 1 2 W 24 4% | 24 4% I Bk 11 2R 0 301 -
WHEHLY B IR R TR, R0k e WL, i 1 R o
T, RIS O M 5 E S AR AR A Y e R
AT DAL B0 27 2 i Bl B 42, M R geli Ak T L 248
P AN AS A A B A 1] 1 66 58 00 0 A7 A8 S 2 4 i i
FEAE R Bl 3 0 05 0 A 280, PR TH DR 3 28 JF 7R
AT AN R PN 1% R B
P 5 A0 FE AT 4R U 8500 1940 /i HPCCL, 9 £F
AR T80 2% IR A HPCC2 24 4 2% T R o o
TR 3K 2 R Ry 7E B AR 2 AR B O s S LT AL
5 16 PR T B AL 4 A B B AT 4 T 2 S S (0 At B A AT
YL T B B B2 A B S SRR T AR AR A

g 7% .

(a) HPCCO

(b) HPCC1

K2 HPCCIR iR 25
Fig. 2 Failure modes of HPCC specimens
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Fig. 3 F-CMOD curves of HPCC specimens
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Table 2 Residual strength of specimen HPCC1 and HPCC2

(2)

fi of HRCC1/MPa  fi, of HPCC2/MPa
Sri Increment/ %
S1 S2 S3 Mean S1 S2 S3 Mean

fra 13.2 12,4 10.9 12.2 19.4 19.3 18.3 19.0 56.5
Jfr2 13.8 12.8 11.7 12.8 19.5 17.7 18.0 18.4 44.4
Srs 12.6 11.9 10.8 11.8 16.8 15.4 15.7 16.0 35.5

Sra 11.4 10.8 9.6 10.6 14.2 13.3 13.0 13.5 27.3
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Fig. 5 Initial fracture toughness and unstable
fracture toughness of HPCC specimens
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Fig. 6 Relationship between fracture energy and steel
fiber content of HPCC specimens
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Table 3 Brittleness of HPCC specimens

Lon (6)

Specimen  E/GPa (rir:n/”lq\j) f/MPa  [,/mm B

HPCCO 52.1 0.08 5.8 123.9 0.807
HPCC1 47.3 5.50 6.4 6351.3 0.016
HPCC2 50. 4 7.70 7.2 7486.1 0.013
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(b) Crack at interface
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Fig.7 Micro morphology of HPCC specimen fracture surface

(1DHPCC 25 i 58 J32 Bl 54 2F 24 44 B2 43 500 o 5
LR 8 K O e B B T R R B R e ] AR
HPCC [543 50 B, F-CMOD [l 26 6 5 %E Jig P 25 il
Y2 LRS5BT REA

(2)HPCC 2 240 B JL T N 52 4 25 4 7R B 43 5L
MY 52 e A8 AN 27 4t Je LR AR 1) BEBG i RT3k 8 A5 LA |
B2 Y R R A3 RO R AR W) B R R T A E R, &Y
H1%.

(3)YHPCC It 24 ik B & 9 £F 2 1A R4 500 38
TG0, 48 B 27 4k fig W 35 B (X HPCC A RHY e L 1H
L A AR 53 Bl — 20 3G e B 4 R R AR U

(HHPCC m#w MMM o iE i 59 g £ %

HJEAR [ B PR D AT R Iy T AR 2 S Ok
AR 5 286 R 0 A R AR S AT A BT
YEFFR K TR

S E UMk

[ 1] BANTHIA N, MAJDZADEH F, WU I, et al. Fiber syner-
gy in hybrid fiber reinforced concrete (HyFRC) in flexure and
direct shear[ J]. Cement and Concrete Composites, 2014, 48:
91-97.

[2] WILLE K, EL-TAWIL S, NAAMAN A E. Properties of
strain hardening ultra high performance fiber reinforced con-
crete(UHP-FRC) under direct tensile loading[J]. Cement and
Concrete Composites, 2014, 48:53-66.

[3] YOODY, SHINH O, YANG J M, et al. Material and bond

properties of ultra high performance fiber reinforced concrete



64]

TROSCHEE 55« i PERE K U 5L 52 & Bh kT 24 fiE

1145

[5]

with micro steel fibers [J]. Composites Part B: Engineering,
2014, 58:122-133.

BRI, BRI X e AT 2 S T T BE TR bR
Pk BE B9 240 0 K B L LT]. 52 & B R 4R, 2018, 35(6) -
1661-1673.

ZHAO Qiushan, XU Shenchun, LIU Zhongxian. Microscopic
numerical simulation of the uniaxial compression of steel fiber
reinforced ultra-high performance concrete [J]. Acta Materiae
Compositae Sinica, 2018, 35(6):1661-1673.(in Chinese)
AR, WOHESE, sk, 5F . e M RE TR B b AT AR B Ok
ZWIFELT]. Z AR, 2019, 36(5):239-249.

GUAN Pinwu, TU Yazheng, ZHANG Pu, et al. A review
on constitutive relationship of ultra-high-performance concrete
under uniaxial compression and tension [J]. Acta Materiae
Compositae Sinica, 2019, 36(5):239-249.(in Chinese)
VAIDIZES S e SN I A B T R SN A U]
K-RMIEATFELT]. @b 24, 2016, 19(5):816-820.
QIN Longbang, CHENG Lanting, MU Ru, et al. K-R curves
of steel fiber reinforced cement-based composites [J]. Journal
of Building Materials, 2016, 19(5) :816-820.(in Chinese)
W, ZEAS e, EAET AR BLT AR R R BE L 04 R
BRI ] R, 2018, 21(2):235-240.

NIU Jiangang , ZUO Fuliang, WANG Jialei, et al. Freeze-
thaw damage model of plastic-steel fiber reinforced lightweight
aggregate concrete[ J|. Journal of Building Materials, 2018, 21
(2):235-240.(in Chinese)

YOO DY, LEEJH, YOON Y S. Effect of fiber content on
mechanical and fracture properties of ultra high performance fi-
ber reinforced cementitious composites [J]. Composite Struc-
tures, 2013, 106(12):742-753.

R, SR B . AR XK R FE A G b R PR 2
P[], E A BRER, 2017, 34(8):1862-1869.
QING Longbang, NIE Yatong, MU Ru. Influence of steel fi-
bers on the resstance to crack initiation of cementitious compos-

ites [J]. Acta Materiae Compositae Sinica, 2017, 34 (8) :

[11]

[12]

[13]

[14]

[16]

1862-1869.(in Chinese)

ARER A TR A 4T 4 0% 5in vy B TR 5 b A B R S VA O i
[J]. BHMEER, 2016, 33(6):1274-1280.

DENG Zongcai. Flexural toughness and characterization meth-
od of hybrid fibers reinforced ultra-high performance concrete
[J]. Acta Materiae Compositae Sinica, 2016, 33(6):1274-1280.
(in Chinese)

ARSLAN M E. Effects of basalt and glass chopped fibers addi-
tion on fracture energy and mechanical properties of ordinary
concrete: CMOD measurement [ J]. Construction and Building
Materials, 2016, 114:383-391.

AHMED S F U, MIHASHI H. Strain hardening behavior of
lightweight hybrid poly vinyl alcohol(PVA) fiber reinforced ce-
ment composites[J]. Materials and Structures, 2011, 44(6) :
1179-1191.

YOO DY, SHIN HO, YANG J M, et al. Material and bond
properties of ultra high performance fiber reinforced concrete
with micro steel fibers [J]. Composites Part B: Engineering,
2014, 58:122-133.

BENCARDINO F, RIZZUTI L, SPADEA G, et al. Implica-
tions of test methodology on post-cracking and fracture behav-
iour of steel fibre reinforced concrete [J]. Composites Part B:
Engineering, 2013, 46:31-38.

XU S L, REINHARDT H W. Determination of double-K cri-
terion for crack propagation in quasi-brittle fracture, Part I: Ex-
perimental investigation of crack propagation[J]. International
Journal of Fracture, 1999, 98(2):111-149.

REN G M, WU H, FANG Q, et al. Effects of steel fiber con-
tent and type on static mechanical properties of UHPCC [J].
Construction and Building Materials, 2018, 163:826-839.
HILLERBORG A, MODEER M, PETERSSON P E. Anal-
ysis of crack formation and crack growth in concrete by means
of fracture mechanics and finite elements[J]. Cement and Con-

crete Research, 1976, 6(6):773-781.



