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A study on impact compression mechanical properties of
PP/CF reinforced coral sand cement-based composites
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Abstract: Four kinds of carbon-polypropylene hybrid fiber reinforced coral sand cement-based composites with different fiber
content were obtained by mixing carbon fiber and polypropylene fiber into coral sand cement-based composites prepared by
artificial seawater. Impact compression tests of this material under five strain rates were carried out with a 100-mm diameter
split Hopkinson pressure bar. The parameters of Holmquist-Johnson-Cook model are determined by experimental data and
parameter debugging. Based on Holmquist-Johnson-Cook model, LS-DYNA is used to simulate the impact compression of this
material. By analyzing the failure mode, stress-strain curve and energy dissipation of the test blocks, the impact compression
mechanical properties of carbon-polypropylene hybrid fiber reinforced coral sand cement-based composites are studied. The
results are as follows. (1) The critical value of test strain rate is 200 s™'; when the test strain rate is greater than 200 s, the fiber
network formed by hybrid carbon fiber and polypropylene fiber strengthens the toughening effect of the test block. (2) The

peak stress of carbon-polypropylene hybrid fiber reinforced coral sand cement-based composites exhibits obvious strain rate
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effect, and the dynamic increase factor is highly sensitive to the strain rate. (3) The use of fine aggregate of coral sand results in
more defects such as micro-cracks and micro-voids in the test block; after mixing carbon fiber and polypropylene fiber into the
coral sand cement-based composites, the improvement of the impact compressive strength of the test block is limited, but the
impact toughness of the coral sand cement-based composites is significantly enhanced. (4) LS-DYNA is used to numerically
simulate the impact compression test process of hybrid carbon fiber (15.75 kg/m®) and polypropylene fiber (1.82 kg/m*), while
the error between the simulation results of peak stress and the test results is within 5.97 %. The study is of great significance for
the preparation of high performance coral sand cement-based composites and the emergency repair of offshore islands and reefs.
Keywords: carbon fiber; polypropylene fiber; coral sand cement-based composites; split Hopkinson pressure bar; impact

compression mechanical properties; LS-DYNA
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Table 1 Properties of carbon fiber and polypropylene fiber

JEAA L ¥ /(g-em™) | J% fmm HA/um FPER E/GPa BLhisE & /MPa
T4 4 1.75 12 7.0 228 3500
RN 0.91 19 32.7 4.236 469
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Table 2 Proportion of carbon-polypropylene hybrid fiber reinforced coral sand cement-based composites

w/(kg-m™) ‘
HEME - - - - - K BRV& E /mm
K Ue bivs Y3 W ANTgK K TREF 4 R4
1 450 450 1080 225 9 0 0 0.25 0
2 450 450 1080 225 9 5.25 1.82 0.25 70
3 450 450 1080 225 9 10.50 1.82 0.25 65
4 450 450 1080 225 9 15.75 1.82 0.25 60
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Fig. 1 Cylindrical test block mold Fig.2 Cylinder test block
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Fig. 3 Severe material spalling of test block Fig. 4 Complete appearance of test block
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Fig. 6 Stress curves of incident waves
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Fig. 9 Stress-strain curves
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Fig. 12 Relations between incident wave energy and strain rate
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Fig. 13 Relations between energy dissipation and strain rate
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Fig. 14 Relations between energy dissipation
and incident wave energy
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15 SHPB £ FRoCH
Fig. 15 A finite element model of the SHPB

3.2 SEMER

o AR ERS IR, WA o £, G AN T3 BORAR 0 R 5 5 AR TEOC, th SCHk [26] BURER . D=
0.04, D,=1.0, &;,,;,=0.01, p.=f./3; 1 3Cilik [27] WU A E, K, =85 GPa, K,=171 GPa, K,=208 GPa. ML
Wik [28], IR BH 4. B, C RN, {RZBINBRLT4E 15.75 kg/m® FIR M L1 4 1.82 kg/m® i W D /K e 3
A MBI HIC BEALS R, W3k 4.

&4 PP/CF 1Zaffi#ifl REE &AL HIC REISH
Table 4 HJC model parameters of the carbon-polypropylene hybrid fiber

reinforced coral sand cement-based composites

pl(g-em™) G/GPa A B f/MPa c N S T/MPa D,
2.12 10.66 0.62 1.60 48.31 0.006 5 0.61 7 4.009 0.04
D, Emin p/MPa He p/MPa i K,/GPa K,/GPa K,/GPa S;
1.0 0.01 16.10 0.001 800 0.1 85 171 208 0.002
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Fig. 16 Stress-strain curves of the carbon-polypropylene hybrid fiber reinforced coral sand cement-based composites

SRRV 1) 107 F -7 A% i 2 I B S 6 1) O 22 350K, 2 22 DR i A i A T e L B A R S I
A5 BROT B U0k v R A DL b oy e R IR i 7

3.3 BYMLEIE

BUE AL 5106 25 S 09 B0E Fe g, WLFE 5. 76 4 A NIAS SRR, BUE AR 0L 09 W N ) 506 45 S 19 1%
0 0.67%~5.97%, EAEAR I ) 0GB 0 A8 5 3 B8 25 IR A TR 220 1.47%~15.90%. X B, ZH0RR 5 /Y
HIC A RE 5 4 Hi 3 T PP/CFE 458 S wb /K e 5L 55 4 4 K .

#=5 WEEBSEREWERIE
Table S A validation of numerical simulation results
o /MPa £,
&ls! f/MPa n,/% n/%
R A R (e
113.03 48.31 60.12 63.71 5.97 0.0103 0.0092 10.68
157.88 48.31 72.71 73.72 1.39 0.0068 0.0073 7.35
200.39 48.31 86.76 87.34 0.67 0.008 8 0.0102 15.90
222.74 48.31 98.89 104.28 5.45 0.0068 0.0069 1.47
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