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Fig. 1 Intermediate strain rate material testing machine Fig. 2 Fixture for dynamic tensile test specimen
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Fig. 5 Size of experimental specimens (unit: mm)
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Fig. 7 Stress-strain curves of repeated tests under typical
working conditions

22 HMBTRAMNNTNZSH

Xof F sl A Ak B b N AR 3 1 43 BT, 1
THFI 1 RASZ R 100 s (A5 #E47 DIC &
QAT BT XA R A L R SR AT R AR 3 1 43 AT,
75 510 3 20 00 3 A AS T) et 23 s B BE TR 30 LA
P B 423 AR U A 9 AT 10 fis

A A R R IR SR, AT Lk
IRAERL I 10(a)~ (b) F T PN 3 388 2F 4 (1
B[] 3 8 A S OB R 0 4% 1) S, R T
A A AN A f AT A 10(c)~ (d), AR
P P BB AR AR oy A AR B 5k iE— A0 M . W
SRR 10(e), 108 35 7 T 36 43 X 38k 230 £, 28
FIIA A, fF 0 1 1 R s AR P A B B 4 4 2 &
B 32 F138 48, Je R BT B4 AR X
W 38 E 10(e) WAl LAE H, a4 Jay 3 n 2%
FHOK . TERAWIR AT, Py SRR
Y51 . Wi R as B 100~ (g), MR & A
W IR, SR TE S0 Al I 0 7 ) 85 B3 7 0

8 IAFRIRE
Fig. 8 Tography of fractured specimens

: ‘ "
!

(a) =0 ms

(b) £=1.000 ms

(c) =1.575 ms

(d) £=2.700 ms

(e) =3.025 ms

@

() =3.250 ms

(g) =3.475ms

Ko shshifhid Bl

Fig. 9 Specimen morphology under dynamic tensile condition
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Fig. 10 Strain field in direction 1 under dynamic tension condition
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Fig. 17 Dynamic failure region in the direction 2 at
100 s" strain rate
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Fig. 16 Dynamic failure region in the direction 1 at
100 s~ strain rate

(a) Practicality picture

(b) The strain field of the range section

Strain

0.03

R

(c) The strain history curve

0.16
0.14+ ——x direction £=0.143 47 —_—
012+ — direction *

= 0.10 r

E 008t

7

0.06
0.04

0.02 £,=-0.004 34
0 S
~0.02 . S
0 02 04 06 08 10 12
Time/ms

B 18 J5in] 3 4E 100 s™ W AR RN B 45 A 5k X 3,

Fig. 18 Dynamic failure region in the direction 3 at
100 s~ strain rate

093101-8



39 % XTG4 B SR B A B B Sl R LR T %9 1

= B ULIE (b), & (b) A I3 DX 3 Ak 1) 137 g 1 A5 2R LR ().

[ H AT A5, 76 100 s W AR RS R, J5 1 2 T 3 BB 2S00 48 H 0.078 F10.099., 45 R %M,
Jimnl 2. 3 BB RSB NG, 5770 1 MR K.

ZE b, 3R 3 45 T R LA B IR R 1) 4 2 B R A R E R AR 25 100 57 EOL T SRS 4L

®3 TRAENDESIABNEREEEISH (REE:1005™)

Table 3 Dynamic failure strain and other relevant parameters in different directions (strain rete: 100 s™)

Jrii Eyiia/GPa o/MPa & Eur
1 271 1123 0.040 0.267
2 3.6 58 0.013 0.078
3 4.1 221 0.038 0.099
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Static/dynamic tensiletest of unidirectional reinforced GFRP composites

LIU Zishang'?, YANG Zhe', WEI Yanpeng', CAI Junshuang’, ZHAO Shizhong’, HUANG Chenguang'
(1. Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China,
2. University of Chinese Academy of Sciences, Beijing 100049, China;
3. CRRC Qingdao Sifang CO., LTD, Qingdao 266111, Shandong, China)

Abstract: In this paper, a series of static/dynamic tensile tests are performed for unidirectionally reinforced
GFRP composites. Using the combination of high-speed photography and DIC (digital image correlation)
technology, true stress-strain curves in different directions and strain rates are obtained. We also obtained the
dynamic failure strain of the material in different directions, which are used to accurately describe the
dynamic tensile and failure behavior of the material. The experimental results show that there is a stiffness
change point N in the fiber reinforcement direction under different strain rate (107, 10, 10> s™') tensile
conditions, and the modulus E,...q 18 67.5%, 39% and 21.4% of the initial elastic modulus E .,
respectively. The fiber has the highest strength in the 1 direction which is reinforced (608, 967 and
1 123 MPa, respectively) under different strain rates (103, 10 and 10* s™"). The direction 2 has the lowest
strength (75, 67 and 58 MPa, respectively). The strength of direction 3 is a little weak (90, 151 and 221 MPa,
respectively). With the combination of high-speed photography and the DIC technology, the dynamic failure
parameters of different directions under the strain rate of 100 s™' are obtained. The dynamic failure strain in
1-3 directions is 0.267, 0.078 and 0.099 respectively. The dynamic failure behavior of this unidirectional
reinforced fiberglass composite can be more accurately described.
Keywords: dynamic failure strain; digital image correlation; strain rate effect; stiffness
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