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Abstract: Coral concrete is a material with severely asymmetric tensile and compressive strengths. Therefore, studying the
dynamic tensile mechanical properties of coral concrete is of great significance for island reef protective engineering. To
investigate the dynamic tensile mechanical properties of carbon fiber (CF) and stainless steel fiber (SSF) reinforced coral sand
cement mortar under impact loading, dynamic splitting tests were conducted using a 100 mm diameter split Hopkinson
pressure bar (SHPB) device. Comparative analysis was carried out on the dynamic tensile strength and energy dissipation
patterns of coral sand cement mortars with different fiber contents at various strain rates. In the SHPB tests, cement mortar
specimens with different fiber contents were prepared: no fiber, 1.5% CF, 1.5% CF with 0.5% SSF, 1.5% CF with 1.0% SSF,
and 1.5% CF with 1.5% SSF. The specimens were subjected to four impact velocities: 3.45, 4.86, 6.54, and 7.34 m/s. This
allowed for impact-splitting tests conducted at different strain-rate ranges. In addition, scanning electron microscope (SEM)

tests were performed to reveal the action mechanism of the hybrid fibers. The results indicate that the static and dynamic
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tensile strengths of CF and SSF-reinforced coral sand cement mortar specimens are significantly improved, with a maximum
dynamic tensile strength increase ratio of 66.03%. At the same strain rate, the dynamic tensile strength of the specimens
positively correlates with the fiber content, while the fragmentation degree negatively correlates with the fiber content. The
fiber bridging effect effectively suppresses the development of cracks in the specimens. Under the same fiber content, the
dynamic increase factor increases significantly with the increase of strain rate, with a maximum increase factor of 2.44,
demonstrating a clear tensile strain rate effect. The fragmentation degree and dissipated energy of coral sand cement mortar
specimens positively correlate with the strain rate, and samples with higher fiber dosages require more energy to dissipate
during failure.

Keywords: coral sand cement mortar; hybrid fiber; dynamic splitting tension; strain rate effect; energy dissipation
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Table 1 Chemical compositions of cement,

fly ash, and silica fume

R2 RAYER 316L NFNAHENERERESH
Table 2 Basic performance parameters of carbon
and 316L stainless steel fibers

TR %
Ei
Ca0  ALO, SO, Fe,0, MgO SO,
KR 51.42 826 2499  4.03 371 251
IR 560  30.14  50.26 4.16 0 2.16
IR 0.11 032 96.74 0.08 010 0

W RS T JGI/T 221—2010
CEF 4R BE £ 0 B AR BLAR ) A1 JGT 55—2011
CEm IR EE £ A LB RR ), andk 3 Fivs .

R R A2 T I 5 R 1, e 4 4R A R
S8 BN 0.5%., 1.0%. 1.5%. 2.0%, &

KE/  HAR  PRGRE EE/
1 - - T kR
mm pm MPa (g'em™)
CF 10 7~10 3700 1.76 1.5
SSF 12 200 1950 7.98 5.0

3 R/ A FINAEMEARACRR RECEEL
Table 3 Mix ratios of carbon fiber/stainless steel fiber

reinforced coral sand cement mortar
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Fig. 1 Schematic diagram of SHPB test device
3ok — 2 1V T Y B RN AR AR = A, T A4S 3 SHPB 8% 2455 il 1Y S S PRI R o (1) I
AR g (1), MR & (1) 5B T FSHL
2pmax(t) _ 2EA08T(t)

(1) = nDl, 7D, M
2 t 2 t
%@=—j?£kﬁ%wﬂmm=—i%L&mw @)
2 2
&,(1) = —g [ex(t) — £x()] = —%sam 3)

I P (0) MBS TR AP 0 5 KRBT, £,(0) e (0) e (e) 2030 AU SO 32 S0 A 1oz A2 Jk o 5
F, con Ao F1E 3 HNATAR A PEE | R i AURISRPER R, £ A1 D 20 0] D e i K A AR

2 EBSHERESHAEHSH

2.1 GERSERIAE

h TN RE A [R) 2 AR R4S R 0 i S B LR B2, A R 0 il B AL AIARHERY 70.7 mm JK YR ith 3 B
2L 2 FR P 0135 28 d MR EAT HERR A BE 2050 . i T IR K PR R e — R AR BT L, [R]—
YR RE B T R BY 2T 0 B T REAF TR 22 0.y 1 iR A M 1, 5 T 1 i 28 D (R
BRI AE 15% LA, &5 7B OrE R T 15% BRI o FF B A5 A ORI 247 Ak B BOF B {8, 75 2 k5
HEFRI 28 d R DK Y0 R (0 i A B LG TRIR T, Nk 4 s .

*4 E—RATARAY S SN ERHRSHARE
Table 4 Static tensile strengths of specimens with different fiber contents at the same age

T A B LR A58 E /M Pa

K S5/ MPa R B KR /%
EUGRK: 2GR B 3UGRIK:
CF/SSF-0/0 5.0 5.6 5.6 5.4
CF/SSF-1.5/0 6.1 59 6.4 6.1 12.96
CF/SSF-1.5/0.5 8.2 7.5 7.5 7.7 42.59
CF/SSF-1.5/1.0 7.6 8.3 8.4 8.1 50.00
CF/SSF-1.5/1.5 93 8.8 8.7 8.9 64.81

3 KPR 5 CF/SSF-0/03 /R CFANIA BN 0%, SSFIRBUTM R 0%

13 4 AL, AR [RHAR RS B i 27 4E X PF DT RR BE BA 4 i, LA SSF 5 i fiom B2 5 vy 3
T, e KB RIK 64.81%. 455 18 2 BIBEIRIE ST LU Y, Jo2F 4 i RE DI 5 BE B AR, BB 2R
R o AL, 2F 4 i RE N R AR S 5, R 5 R Ar B H A, W0 0R A B A 2 ), 28 4 x84
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Fig. 2 Static splitting failure morphologies
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Fig. 3 Microscopic morphology of hydration products
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Fig.4 SEM images of fiber cross-sections at different magnifications
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Fig. 5 Dynamic equilibrium curves of cement mortar dynamic splitting specimen
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Fig. 6 Failure morphology of cement mortar specimens under different strain rates
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Fig. 7 Relationships between peak stress, dynamic increase factor, and strain rate
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