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Compressive Mechanical Properties of Steel-polypropylene Hybrid Fiber Reinforced
Ultrahigh-Perfromance Concrete under Cyclic Compression

CHI Yin, YIN Congru, XU Lihua, WANG Shunan, CHEN Zijia
(School of Civil Engineering, Wuhan University, Wuhan 430070, China)

Abstract: Compressive mechanical behavior of the steel-polypropylene hybrid fiber reinforced ultra-high performance concrete
(SP-UHPC) with respect to the impacts of fiber types, fiber aspect ratio and volume fraction was investigated. The monotonic and
cyclic compression tests were both conducted. Besides, the fiber reinforcing mechanism was analyzed by scanning electron
microscopy. The results demonstrate that the inclusion of steel-polypropylene hybrid fiber can enhance the compressive mechanical
properties of UHPC. Compared to the UHPC without fiber addition, the SP-UHPC shows a ductile failure mode with improved peak
stress, peak strain, toughness and alleviated stiffness degradation process. Based on the experimental data, a constitutive model was
proposed for SP-UHPC subjected to cyclic compression, which could be used to predict the mechanical response of the SP-UHPC at
various fiber parameters.

Keywords: ultra-high performance concrete; hybrid fiber; cyclic compression test; mechanical properties; stress-strain relation
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Table 1 Constituents of UHPC matrix

Mix proportion/(kgm’3 )

Water/binder ratio

Cement Silica fume

0.14 800 100

Fly ash

Silica sand Water Superplasticizer

100 1250 140 35
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Table 2 Composition (mass fraction) of cement, fly ash and silica fume w/%
Material SiO, CaO AlO4 Fe O3 MgO Na,O SO; K,0 Loss on ignition
Silica fume 92.10 0.34 0.79 0.83 0.72 1.40 2.14
Fly ash 52.51 4.65 25.08 6.86 1.23 0.38 2.60
Cement 20.70 62.90 4.84 3.18 2.15 0.15 3.56 0.85 1.47

w is mass fraction.
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Table 3 Major properties of steel fiber and polypropylene fiber

Fiber type Length (/)/mm Diameter (d)/mm Aspect ratio //d Tensile strength/MPa Elastic modulus/GPa
Steel fiber(SF) SA 6.0 0.22 30 =2 000 200
SB 13.0 0.22 60 =2 000 200
SC 17.0 0.22 80 =2 000 200
Po;i/sg:z;;}::ne 13.6 0.05 280 =400 7

x4 KREERIE
Table 4 Fluidity of paste
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Table S Main parameters of the specimens

Sample Fluidity/mm Sample Fluidity/mm
S000P00 276 SB20P10 198
S000P15 261 SB20P15 192
SB10P15 222 SB20P20 190
SA20P15 210 SC20P15 189
SB20P00 193 SB30P15 182
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[39-401 A A (TR IERY AT EE L GB T31387—2015)11,
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SFYEARUBEHR 0.10%. 0.15%. 0.20%. FiATikME:
(R SEARTRBE LA, A2 (0 41 2 L L AN ST 5 AR BT
SRIE N S,
1.3 i
131 AUERESE AR AR R s A ) 2
JRLEHL INSTRON-1346 F5E%. R HPR A BT
JECTRTHT B V-4, 177 J 0 O 5y i A 3 25 1)
B, WG SRRy W EATE )RR S mm
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FEHLEE, DSy 20 kV. REDET, R
JK LR 24 h G BN 60 CHEE AR R4t T 48 h,

SF Volume
Sample Volume fraction fraction of Jo/MPa
pl% i PF /%
S000P00 119.19
S000P15 0.15 120.03
SB10P15 1 60 0.15 133.32
SA20P15 2 30 0.15 125.88
SB20P00 2 60 131.57
SB20P10 2 60 0.10 130.63
SB20P15 2 60 0.15 139.24
SB20P20 2 60 0.20 135.64
SC20P15 2 80 0.15 140.75
SB30P15 3 60 0.15 144.97

SA20P15 is the specimen containing 2% steel fiber (SA, //d = 30) and 0.15%
polypropylene fiber. SF and PF stand for steel fiber and polypropylene fiber

respectively.

4 H AL B D S IR AL S A R R T W R
&k o

1.3.2 IEHIE 23 B2 R AV A 52
W, W TF R IR R T FOINEE, PO deK
N VEARLAT IR 10% 0 B 52 IR B0 RIAR R 52 He Ak
DA opIE=iel s S I WIS N R i | = R VA 2 kil
PRFEINAGE 2 0.001 mm/s 15 2R AR . JEER N
BN R oy Bl IR B i B, gk
RN 0.002 mmy/s, EIEBON i, EAGE RN
10 kN/so BEAR, 2% L8 BI7E WA AU B35 0] fER2 M ik
W5 B, KR ARSI B oy oy, e
FUHTREAMEAL A I8 0.15 mm, WA S5 REA
PEHAL GRS 0.30 mm.



. 2334 - QeI L)

J Chin Ceram Soc, 2021, 49(11): 2331-2345

2021 4F

A Failure

s
b o i e it i =)

v

(a) Monotinic compressive loading scheme

Y Peak point Failure

Stage 1

10 kN/s

u/mm

A 4

tls

(b) Cyclic compressive loading scheme

BT R S AR SZ Hn A il

Fig. 1

2 #R54¢%

2.1 WIRES

KB N4 UHPC 55 N £F 4k UHPC L1
HE A FINES . KB ANLF4ER) UHPC
SPIMEE RN, AT 0k BRI B, AR ER,
R W Sl R P A B KR R,
LRy, IR MaPE I PR R A,
Kl 2 1 S000P00 . M 2 ifLUEH, BAH—
2F4Ef¥) UHPC Al SP-UHPC i H BH Y ) e P i 3R
FEAE, YA 280028 B N, 7 I R Rt B A PR R
A, ARERTI AT AW SR BV 2 e, H il TN AT 4
MR MG A AR 2L A E R mT DL ORRR e 4

00§ SO00P15 '§ SBIOPIS

Loading schemes of monotonic compression test and cyclic compression test

IS E NI LR . BT R AR 2T 4
B EANRKAR PR, R ) 2 U R S
SCRUN TPt S WO AN WA B 131 RN L]
DIRIR, 302 d T LT He RO MR e A B W o, x4
LI R R RSB T LA R o KRB S IR
R EERAERITT, W LUE BT R EAER Rl R
Hh R SR Y A AT L R P PR I I, 2R
RSN Ck T A (R R L K Ea a2 AR )
MR AP o
22 BERENFEEST

Bl 3 10 2R 1 o 52 36 153 F0T BV 11
IO 3P AR 2k, 2 P K DG BE ) S PR RESR An K A2
TR I3 6 R 4.2 2% i i) om0

B8 Spalling failure |

K2 SP-UHPC iR f A TE A
Fig. 2 Various failure patterns of SP-UHPC specimens



249 A5 11 1 e

B A -SRI A T A i v 1 R TR B LRI 2 I ) 2 TR

e 2335 -

140 140 140
1ol A\ S000P00 ol S000P0O ok SB20PO0
100 100 100
£ || g /i 2 R
s s J, SBIOP1S s sor s or [, SB20P10
2 60F [ ' 2 60 " 2 60r [ |\)
8 1|\ SB30PIS| 5 IR SC20p1s| £ X spaopis
& ol & .l a L[ SB20P20
40 . S, R = A :
i . ~~— SB20P15 - 1\| _SA20P15™~——SB20P15 56 1 ~
o/ — 7 /  — S000P0O
N ol 1 \sqo0pis . N
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
Strain/10-3 Strain/1073 Strain/107

(a) SF, volume fraction

(b) SF, aspect ratio

(¢) PF, volume fraction

B3 i 52 e B - AR 2k

Fig.3 Stress-strain curves of monotonic compression test

Fo6 HRIAMEFESRIEE
Table 6 Characteristic values in stress-strain curves of
monotonic compressive test

Peak Peak Elastic
. Toughness
Sample stress strain modulus index/kPa

ow/MPa__ /% E/GPa
S000P00 108.3 0.273 44.87 154.83
S000P15 109.8 0.261 4522 181.47
SB10P15 115.3 0.296 48.96 474.73
SA20P15 117.6 0.282 49.33 423.44
SB20P00 122.2 0.302 50.03 544.66
SB20P10 122.4 0.313 50.92 535.00
SB20P15 124.8 0.307 51.19 669.51
SB20P20 125.2 0.319 52.05 695.24
SC20P15 129.1 0.338 53.64 840.11
SB30P15 131.9 0.339 54.91 906.35
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Fig. 4 Influence of steel fiber and polypropylene fiber on mechanical properties
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Fig. 5 Fitting curves of the peak stress and peak strain
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Table 7 Stiffness degradation of the SP-UHPC
Stiffness/GPa
Loading cycle
SA20P15 SB10P15 SB20P00 SB20P10 SB20P15 SB20P20 SC20P15 SB30P15
0 49.331 48.964 50.034 50.922 51.191 52.058 53.646 54915
1 22.605 21.350 24.724 22.533 23.846 25.941 30.700 33.589
2 21.143 20.120 22.383 21.412 23.595 24.878 27.480 29.373
3 19.207 19.466 20.800 21.816 22.243 24.117 27.507 22.864
4 18.749 18.401 19.436 20.165 20.967 23.068 25.975 21.395
5 16.627 18.245 19.092 19.739 19.999 22.348 23.985 20.808
6 16.138 17.148 17.295 18.601 18.746 21.468 22.211 19.752
7 14.762 16.711 16.849 16.645 17.816 19.879 20.756 18.062
8 14.261 16.396 16.571 17.619 19.052 19.885 18.133
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Fig. 10 SEM images of steel fiber and polypropylene fiber
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F 2e 53 B AN AT (SFYRUER NI 2T 4 (PF) I 2T 4 FAIE c=1.29 (8)
#8 B¥a. b. cHWERTNE
Table 8 Test results and fitting results of a, b and ¢
a b c
Sample
Test result Prediction Test result Prediction Test result Prediction
S000P00 0.581 0.579
S000P15 0.493 0.482
SA20P15 0.567 0.556 8.34 8.43 1.13 1.29
SB10P15 0.543 0.556 8.45 8.43 1.41 1.29
SB20P00 0.699 0.727 6.71 6.80 1.33 1.29
SB20P10 0.668 0.662 6.35 6.26 1.41 1.29
SB20P15 0.618 0.629 6.04 5.98 1.23 1.29
SB20P20 0.606 0.597 5.83 5.71 1.13 1.29
SB30P15 0.716 0.703 3.38 3.53 1.45 1.29
SC20P15 0.661 0.678 4.40 4.35 1.27 1.29
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Fig. 12 Fitting results of the proposed model
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