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Static and impact properties of rubber powder modified
polyethylene fiber-reinforced cement-based composites

HE Shaohua, CHEN Huanwei, JIANG Zheng, YU Zhitao
(School of Civil and Transportation Engineering, Guangdong University of Technology, Guangzhou 510006, P. R. China)

Abstract: In order to investigate the mechanical properties of polyethylene fiber-reinforced engineered
cementitious composites (PE-ECC) with rubber powder, static and impact resistance tests were carried out on
the PE-ECC with varying parameters of rubber powder particle sizes and strain rates. Elastic modulus, Poisson’s
ratio, cubic compressive strength, primal strength, splitting tensile strength, and axial tensile strength of the
rubber powder PE-ECC were experimentally obtained, and the influence of rubber powder particle sizes on

static mechanical properties of the PE-ECC were analyzed. The impact performance of the PE-ECC with rubber
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powder was evaluated using a split Hopkinson pressure bar, and the dynamic growth factor of strain rate on the
dynamic impact factor (DIF), peak dynamic stress, and peak dynamic strain were analyzed. The experimental
results indicate that the mechanical properties of the PE-ECC decreased with the usage of rubber powder. For
the particle size of rubber powder ranged from 0.2 mm to 0.9 mm, the PE-ECC with particle sizes of 0.3 mm for
rubber powder exhibited acceptable static and dynamic performance. Comparing to the PE-ECC without any
rubbers, the cubic compressive strength, primal strength, elastic modulus, and dynamic compressive strength
of the PE-ECC using 0.30 mm-particle size rubber powder and a volume content of 10% decreased by 8.9%,
15.6%, 10.8%, and 23.4%. Similar to the PE-ECC without rubber powder, the tensile strain hardening effect
of rubber powder P-ECC was significant and the ultimate tensile strain of PE-ECC with different partial size
(0.20-0.90 mm) rubber powder remained at 4.6% . Moreover, with the increase of impact strain rate, the DIF
and dynamic compressive strength of rubber powder PE-ECC gradually increased.

Keywords: polyethylene fiber; cement-based composites; rubber powder; static properties; impact properties
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Table 1 Properties of PE Fiber

K/ HAR/ RS B/ fr e/ R/
mm um  KFE/% MPa MPa (g/cm?)
18 24 2 116X 10° 3 000 0.97~0.98

A 0.45 mm ! . ; 090 mm| =
Bl RERERERS
Fig. 1 Rubber powder with different particle sizes
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Table 2 Mix proportions of rubber powder PE-ECC

o K T R R AR 3 K 17K 51 PE £ 4 R H K}
A4t/ % A/ % A/ % ik ik FilE/ % Bt/ % KA /mm Bh/ %

A 43.68 5.82 8.74 29.12 14.56 1.00 2.00

B4 43.68 5.82 8.74 26.21 14.56 1.00 2.00 0.20 10

CHl 43.68 5.82 8.74 26.21 14.56 1.00 2.00 0. 30 10

D4l 43.68 5.82 8.74 26.21 14.56 1.00 2.00 0.45 10

E4l 43.68 5.82 8.74 26.21 14.56 1.00 2.00 0.90 10
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Fig.2 Rubber powder PE-ECC impact resistance test

2 BARBERESN

(a) SHPB #

2.1 MERE

P 3 Sk 7 5 R A i AL SR IR S . 5
fib 2% % WL 5E 3 19 PE-ECC % I8 98 2540 811, 42 18 ¥
PE-ECC 52 FEWE IR Je , He 57 J7 (4 1 158 1) FF 24 81 (@
AR KA W B A A s s 75 . X O T PEZF 4R
M A A RBL AR T K PR 3R AR th M LR B R ST
7R IR S AT AR R T R 1 S 4k

¢ 3 0 A5 Ak PE-ECC 7.5 IR it JE 38 i



170 + K5 x4

FAaROF % )

% 46 %

B3 A HRBERES

Fig. 3 Typical failure modes of cube specimens
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Table 3 Cube compressive strength and axial compressive

strength
259 ST AR 5 E /M Pa MO HUE SR/ MPa
A4 84.90 68. 09
B 70.17 54.47
CZ 77.37 57.47
D4 71.24 55.43
E4 72.77 57.07
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Table 4 Elastic modulus and Poisson’s ratio of the

specimen
415 PEPERLE /(10" MPa) AR I
A4 2.79 0.165
B 2.37 0. 190
CH 2.49 0.186
D4 2.40 0.214
E4H 2.51 0.209
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Fig.4 Splitting tensile strength of PE-ECC
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Table 5 Tensile test results of dog bone specimens

a3 VIZABURISR ) MR/ RPN
MPa MPa /%
A4 4.03 8.53 6.96
B4 3.82 5.95 4.60
CcH4l 3. 54 6.91 4.69
D4 3.49 5. 64 4.55
E4l 3.10 4.95 4.58
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Fig. 6 Failure morphology of rubber powder PE-ECC at

different strain rates
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Fig.7 Stress-strain curves of PE-ECC under
different strain rates
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Table 6 Dynamic compressive strength at different

strain rates

a5 PR E /MPa
REAEF 37,2571 JWASRS5. 1sT! JHAERE6. 55!
A4l 127.3 130.1 137.3
B4 86.7 92.7 108.1
cd 90.0 94.6 109. 5
D4l 82.7 85.6 105. 9
E4l 85.7 89.0 101.2
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PR 5 BE A 5 AE 105 MPa e 47, Hob CA CRiAe
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Fig. 8 Stress-strain curves of rubber powder PE-ECC
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Fig. 9 Dynamic increase factor of rubber powder PE-ECC
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Fig. 10 Peak strain with different strain rates
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