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Low-velocity impact resistance of carbon fiber reinforced polymer

composite and its cables: A review

WANG Anni, LIU Xiaogang ', YUE Qingrui’
(Research Institute of Urbanization and Urban Safety, School of Civil and Resource Engineering,

University of Science and Technology Beijing, Beijing 100083, China)

Abstract: Carbon fiber reinforced polymer composite (CFRP) cables can replace steel cables due to their light-
weight, high strength, and excellent corrosion and fatigue resistance to meet the needs of larger spans and harsher
service environments for bridges. However, the poor resistance of the low-speed impact of CFRP cable makes it
threatened by the impact from vehicles and falling rocks during its service life. In order to fully understand the
impact performance of CFRP and promote the application of CFRP cables in engineering structures, this paper
summarized the impact research status of CFRP and its cables, including the basic dynamic mechanical properties,
impact response, and damage failure mechanism. The results show that CFRP has strain rate sensitivity, but the
strain rate effect of CFRP is still unclear, and a mechanical property database covering the full strain rate range
needs to be established. The research on the impact resistance of CFRP laminates is relatively comprehensive.
However, the differences in cross-section form, large slenderness ratio, axial stress coupling, and other factors make
the research conclusion of CFRP laminates not fully applicable to CFRP cables. Furthermore, current research

mainly discusses the influence of impact energy, anchorage length, and temperature on the impact resistance of
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small tonnage CFRP cables, but the research on the impact resistance and damage failure mechanism of large

tonnage CFRP cables is rarely reported. When the CFRP cable breaks under the impact of the vehicle, the peak force is

muchlowerthanitsaxial tensile brakingforce, and astrictanti-collision design should be carried outforthe CFRP cable.

Keywords: carbon fiber reinforced polymer composites; impact properties; cables; strain rate effect; dynamic

constitutive; damage failure
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Table1 Macroscopic phenomenological dynamic constitutive model of fiber reinforced polymer composites

MERIE B £ 3

Number Dynamic constitutive model Instructions Reference
1 o=05+04 ' o—Stress; os—Static stress; g —Dynamic Tay et al®®,
od=qoe+qiE" (&) stress; g,— Stiffness modulus; n, p and g, are Shokrieh et al®
chosen to adequately describe the shape of the
experimentally obtained stress-strain curves.
o=FEe(l- D)((s/ &))" D—Damage variable; m—Strain rate coefficient;
2 Dol 1 (Eg\" E—Modulus; n—Shape parameter; Y—Yield Xu et al®!
I Iy ( Y ) strength.
_ n (] em m—Temperature softening index; T,,.,—Melting
3 c'r - gé +Be"(1 +_C lrns A=T") temperature of the material; T,—Reference Han et al®"
e=—,T"= T T temperature; A, B, C, n—Constants; T—Test aneta
0 melt ™ T temperature.
o3t = oy DIF
4 L. C C+1 Zhang?”
DIF = { [tanh((lg(s/ £0) —A)B)] C+n2 - 1] + 1} ) Considering the dynamic enhancement effect. 8
5 = (Gl 4y ;E:O%ylizrglc enhancement factor is directly Al-Zubaidy et al”
6 — { 1+A 1%(5/ &) Fang®
. &
7 o=FEs+as®+ s3+E96[l—ex (——)] Zhao et al®!
b P 0e Viscoelastic constitutive model (consisting of
nonlinear spring elements connected in parallel
with Maxwell originals). E,, @, B—Elastic
parameters for the spring; 6, E—Elastic parameter
and relaxation time for the Maxwell element.
N . . . . .
. E0) A linear elastic element in parallel with multiple . (3]
8 o(t) = Eoe(t) +£ kZ‘ M| 1—exp (_ ;Z )] Maxwell bodies; 17— Viscous coefficients. Karim et al
Bridging model of fiber and matrix; E, and
. - . - E,—Viscoelastic spring constant modulus; ’
= —_e £of —e &b 2 g - [35]
9 o(e)=Ee+E161 &9 (1 e #of )+ Ex6 £ (1 e %062 ) E.— Equilibrium elastic modulus; Liu

6,, 6,—Characteristic relaxation times.

Notes: e—Strain; ¢— Strain rate; £p—Reference strain rate; 7p;—Dynamic increase factor; 7; —Shear strength; ¢, 8,—Constant.
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Table2 Naming of the corresponding substance

Anchor length/ Pretension/ Drop height/

Sample mm KN mm

C1-L150-P40-H1000 150 40 1000
C3-L250-P40-H600 250 40 600
C8-L250-P40-H200 250 40 200
C2-L250-P20-H600 250 20 600
C4-L250-P50-H600 250 50 600
C6-L150-P40-H200 150 40 200
C7-L200-P40-H200 200 40 200
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