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Abstract: In order to explore the reinforcement effect of carbon fibre reinforced plastics (CERP) pasted on cement
mortar, the cyclic compressive impact tests were carried out on ordinary cement mortar and cement mortar with CFRP
on the end faces with constant impact pressure (0.3 MPa)and increasing impact pressure(0.2,0.3,0.4,0.5 MPa) by
using split Hopkinson pressure bar(SHPB)system. The stress-strain curves, failure states, and energy properties
of specimens under cyclical impact compression test were analyzed. The results show that compared with ordinary
cement mortar, the number of cyclic impact, peak stress and peak strain of CFRP-attached cement mortar are
increased. The failure state shows that the fracture site of CFRP mainly occurred at the transverse connection of
CFRP. The generation of cracks are slowed down and the ductility of specimens is improved. The impact resistance
1s obtained by the introduction of CFRP. CFRP can improve the energy absorption capacity of the specimens, so that
the energy required for cracking of cement mortar with CFRP end face confines specimen under the same impact air
pressure is higher than ordinary cement mortar.
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Table 1 Physical property of CFRP sheet

Gram . Tensile Elastic .
. Thickness/ Elongation
weight/ strength/ modulus/
o mm R break/ %o
(grm ) MPa GPa
200 0.111 =3 000 =2 100 =1.5

F2 KHBEHR R ESEM D GHRE

Table 2 Cyclic impact pressure and impact times of specimens

. . Number of Cyeclic impact
Specimen No. Code . .
impact/times pressure/MPa
C-P C-P-1 1 0.3
C-X-1 1 0.3
C-X-2 2 0.3
C-X
C-X-3 3 0.3
C-X+4 4 0.3
V-P-1 1 0.2
V-P
V-P-2 2 0.3
V-X-1 1 0.2
V-X-2 2 0.3
V-X
V-X-3 3 0.4
V-X-4 4 0.5

Note: C—Constant cyclic pressure; V—Increasing cyclic impact
pressure ; P—Ordinary cement mortar specimen ; X—Cement mortar
specimen with CFRP on the end face; The number on the right of
specimen No. represents the cyclic impact times.
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Fig. 3 Stress-strain curves of specimens under cyclic impact loading
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Fig.4 Failure state of C-P-1 and V-P-2 under cyclic impact loading
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Fig.5 Failure state of specimen C-X under cyclic impact of constant air pressure
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Fig.7 Unit volume absorbed energy-time curves of specimens under cyclic impact loading



350 H#OWmoM OB W 95254
12 14 -
— C-P-1 -
— V-P-1 ,
10 - 2r - vpa //
10 +
8 I )/
/
6 ’
4 /
41 /
/
2r 2t /
T
0 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0 0.05 0.10 0.15 0.20 0.25 0.30 0.35
Time/ms Time/ms
(a) Specimen C-P (b) Specimen V-P
14 25
7 C-X-1 P — V-X-1
- - CX2 / w0l - - VX2
10F--- CX3 - V-X-3
—-—C-X4 —-—V-X4
gl 15} _
= = -
6+ 10 - .
4L ’ ’ ’ .
5 e
2t ST
. L
e i— =l

0 0.05 0.10 0.15 0.20 0.25 0.30 0.35
Time/ms

(c) Specimen C-X

0 0.05 0.10 0.15 020 0.25 0.30
Time/ms

(d) Specimen V-X

P8 AR AR P b i 28T A28 S — I 1] il £

Fig.8 Transmitted energy-time curves of specimens under cyclic impact loading

MW Wi BE £ B R B« CFRP A3 P 21 4 Wy 2410 1
TR BE L N )k 2 it CFRP A F 5 3 43 e i, S5
CFRP #i Ui 187 20 K e B0 3 14 C-X 7232 256 11k
i (C-X-1) J& 7= A= 24 80T 75 1 il 2 v 3 /K
3R A 5 AE CERP A A1 ER B W B ST 7K I8 10 3 s 1
M RE T KIS 3 o 10 R 5 4%, AR 5y 7= A Bt g vk
P8 DGR T K RN 7 A R v B SR R
U PR AT 1) 8 Bk L 4 R T LA P R B B AT Y
propdi ey

P 8 AT L« (1) 1 U 24, CFRP A % I
LY FK e b H A C-XAE 22 B 5 4 Ik vh il (C-X4)
Jei  HBE B REJLF M O 8(c) ) s i I R &R,
CFRP #i i 11 29 K e 0 H ik 1F V-X 76 52 2565 4 K
i (V-X-4) )5, LA E ST e b 5 T 8(d) ). ik &
PR Sy 7 i S e e, A S RE A E | 1 S A
5 7E A B P, Hfh A 7 20 e A Ak
Wi i YO BN 7 S R T R AL s AR 3 1S AU
PERITR 3 A A S 6B 220 7 38 K, Bk B 23 R T Y
PGS, T B0 Ok B L B 7(d) (B 8(d)
A0 2 33 58 SR S5 F R, CERP A7 3 11 29 3R /K P ik
A V-X A0 e B R AN RS B R 5 B A
i AR B 3 WA T R o, R o S el 2 A

I % J IR TE 32 B 3 Wbl (V-X-3) )5, oo Bt
R TR R, R0 T A A L I L R L
BN B CFRP (@ in [ 7R a0 F R 58 2 fl i s 4
B 55 4 vty (V-X-4) Ja 3R 10 B A8 2386 K fig R
AT LAl 2 i T 4 0 M Gk s R i EL AR TR
ZRG0, RR B R o H g b, S B0 R
R 1) R 7 ok i /N

3 #ig

(1) 5838 K P 0 744 A L, CFRP i3 ¥ 11 29
AR YA IR A By o OCOBRCE A RO R B8
T3, B b JE VA B T BN T 16.7 %6 5 7 3k B
SRR ohs kB I T 2K 758 2 i T Y
WAL R 138 T 13.6 %6, 56 3k oy AT SR B 0
I7 S3 8 KR4, W] CFRP A 2 2 B 5 A 29 A 1
38 7K e 10 23 1 e SRR X e 3R, SR A
CFRP [ 5 7K U8 A0 35 3 A2 1) e IR A8 X0 A8 Sy 4
WEIR .

(2) 76 vh o 57 2 A R, CFRP i 3 187 24 8 K I8
WA R IR L 40 R 2 W2 h IR
PRI ZLRR 0 P B IR . 3 TEDRS W CFRP A I, /K e b
A A 1) 2R B My /L , L P 4, R AR Y



%4

FoHE, A R AT AR A Y SRR K YRR I B 7 1 M R AR 351

b RE s .

(3) H1 T CFRP i 5 K P b J AR S B[R]

7E CFRP A3 5 7K Je B0 3¢ 5 11 A7 75 18] W7 35 30 14 1, S
TR I CERP A i, 7K P 0 1 B e e RE S O, 75
AR TR] e SO T 7 AR SR P i B B R e T K e
A

SE LWk

[1]

[8]

P ZENF A WIS 4 CFRP 2 TR e 4 0 R 58 )3 K A8
FEPEBEFE LM AR - p Al o7 Y A, 2016 1-4.

LIANG Meng, LI Shoucai, CHU Shihong, et al. Research on the
strength and deformation characteristics of CFRP-confined
concrete cylinders[ M ]. Xuzhou: China University of Mining and
Technology Press, 2016:1-4.(in Chinese)

WA BREAR AT . IR 450 CFRP B EARBFFE[M]. &
DU BB TR 2 4t , 2019 1-10.

YANG Zhiyong, CHEN Jundong, ZHAO Liang. Research on
CFRP reinforcement technology for concrete structures [M].
Wuhan : University of Technology Press,2019:1-10.(in Chinese )
AR, FORUEE . BRET ST A PR R SR BT ], o D
%,2011,4(3):201-212.

LI Wei, GUO Quanfeng. Application of carbon fiber composites
to cosmonautic fields[J]. Chinese Optics,2011,4(3) :201-212.(in
Chinese)

BRI, KN BT 4k 5 5 PORHI % i B i L)), T AR SRR
H1,2015,43(11):132-135.

ZHANG Hanying, LIU Ming. Development and application of
carbon fiber composite materials [J]. Engineering Plastics
Application, 2015,43(11) : 132-135.(in Chinese)

JY C,KIM Y J,JIA'Y M. Performance characterization of plain
and CFRP-bonded concrete subjected to sulfuric acid [J].
Materials & Design,2021,197:109176.

FR/NSE PR RE LT 2 5 5 b K AR R SR B [M
AU E AL R, 2009 14,

CHEN Xiaobing. Technical guidelines for civil engineering

]

application of high-performance fiber composite materials[ M ].
Beijing: China Construction Industry Press,2009: 1-4.(in Chinese)
TRAAE, EAEZ CERP A i [ 5 {1 5 0 32 52 25V g il g ot
FElJ]. R EE L, 2020(9) :31-36.

ZHANG Junwei, WANG Tingyan. Experimental study on the
flexural performance of reinforced concrete short beams
strengthened with CFRP sheets[ J]. Concrete, 2020(9) : 31-36.(in
Chinese)

COLOMB F, TOBBI H, FERRIER E, et al. Seismic retrofit of
reinforced concrete short columns by CFRP materials [J].
Composite Structures, 2008,82(4) :475-487.

L BB R A R 2 YR AT AR ET 2k A o [ v iR R
E A il TR R R U8R BF 5 (7). Tl B 5, 2019, 49(9) -
139-144,160.

GAO Peng, HUANG Jingting, ZHOU An, et al. Experimental

[11]

[12]

[13]

[15]

[16]

[17]

[18]

study on the axial compression performance of high-strength
concrete columns reinforced with basalt fiber cloth and carbon fiber
cloth[ J]. Industrial Construction, 2019,49(9) : 139-144,160.(in
Chinese)

YANG J L, LUS W, WANG J Z, et al. Behavior of CFRP
partially wrapped square seawater sea-sand concrete columns
under axial compression[ J]. Engineering Structures, 2020, 222
111119.

AMRAN Y M, ALYOUSEF R, ALABDULJABBAR H, et al.
Properties and water penetration of structural concrete wrapped
with CFRP[J]. Results in Engineering,2020,5:100094.
KABIR M I, SUBHANI M, SHRESTHA R, et al. Experimental
and theoretical analysis of severely damaged concrete beams
strengthened with CFRP[J]. Construction and Building Materials,
2018,178:161-174.

X FRIEFAR, SRR, AF L Bl R B K YR BB L 1 ook 4
PERRIZE [T, MR 223, 2021, 24(3) :562-570

LIU Ting, MA Haiyan, WU Zhangyu, et al. Study on impact
compression performance of basic magnesium sulfate cement
concrete[ J]. Journal of Building Materials, 2021 ,24(3) : 562-570.
(in Chinese)

XU Y,YANG R Z. Dynamic mechanics and damage evolution
characteristics of rubber cement mortar under different curing
humidity levels[J]. Journal of Materials in Civil Engineering,
2020,32(10) :04020309.

TR ZE IR B - i B v 1 J ~ R RE A S SR T 55 BB AN
(D] B 5t s B KR, 2019:68-79.

YUE Chengjun. Research on dynamic and static mechanical
properties of coral aggregate seawater concrete [ D ]. Nanjing:
Nanjing University of Aeronautics and Astronautics, 2019:68-79.
(in Chinese)

PR R M RS- T- M- 5235 % IR EE T IOWL A5 1 Mk B Rk
M BRFIAR 3 AR dbat: ST A, 2016 37-50.
MEHTA P K,MONTEIRO P J M. Concrete : Microstructure,
properties and materials| M ]. Translated by OUGANG Dong. 4th
ed. Beijing: China Building Industry Press, 2016: 37-50. (in
Chinese)

A R R ST R BE L REALISG 1 ML B R B
Jitt,2014:1-19.

LI Jie, WU Jianying, CHEN Jianbing. Stochastic damage
mechanics of concrete structure M ]. Beijing: Science Press, 2014 :
1-19.(in Chinese)

YANG R Z, XU Y,CHEN P Y, et al. Experimental study on
dynamic mechanics and energy evolution of rubber concrete under
cyclic impact loading and dynamic splitting tension [J].
Construction and Building Materials, 2020,262:120071.
CHEN L J, ZHANG X X, LIU G M. Analysis of dynamic
mechanical properties of sprayed fiber-reinforced concrete based
on the energy conversion principle[ J]. Construction and Building
Materials, 2020, 254:119167.

LML, [ ER A0t , A A B S R IR GE o 7 SR Al o o T 4
BN MBS VERE LT ] A T S TR A, 2007, 26(4) »



352 FESE R A S I %254

762-768.
ZHAI Yue, MA Guowei, ZHAO Junhai, et al. Comparison of
dynamic capabilities of granite and concrete under uniaxi-al impact
compressive loading[ J]. Chinese Journal of Rock Mechanics and
Engineering, 2007, 26(4) : 762-768.(in Chinese)

[21] Hbed . opdigh 2= M Abat b st TR 2 pitat:, 1992:5-8.

[22]

MA Xiaoqing. Impact dynamics [ M |. Beijing : Beijing Institute of
Technology Press, 1992:5-8. (in Chinese)

CHEN X D, WU S X, ZHOU J K. Experimental and modeling
study of dynamic mechanical properties of cement paste , mortar
and concrete[ J]. Construction and Building Materials, 2013,47 :
419-430.



