§é$j*4$*ﬁ B31HE O FeM  6H 20204

Acta Materiae Compositae Sinica Vol.37  No.6  Jun 2020

DOI: 10. 13801/ . cnki. fhelxb. 20190822. 001

D PHE T R T IR IR & & BRI AR SR 1L 1

BTTL AR, WAZS 2 &, 2 &

(1. EHpRH R KRB, Kb 4100735 2. EHRRHE R EREEMPEF B, K1 410073; 3.63926 #BFA, JL5T 100192)

B OE . N TRIABRKSIRE 22080, 8T BT 4R NE (FRP) & G 8 6k N x4l 2 017 PR ik
T, fEPHESTEAT RN TR R RN 1400, BRI R 2FE . DR E Ab 1 IR 6] 2 80 2 9
F2 1 B 1) B 2T 4k B TR s (CFRP) 2 & M B AT 4, B 8700 T 46 2 PHEXT AR A 07 24 PR B I 2 T 1L
il o WIS PN, W T DRI R B S AR S T RN R, 45 68T BUR A H AR
(DIC) XF PFE2 (s B K IE i I AR S AT T M5 . A A FROCHEL R (FEM) ST A 25 4 i i SR PLL, R 3D-
Hashin A1 E 5 88X CFRP & & M R 2 HEA TR0 SR FH N R IR B B 2 R AA T il A T4k . 55
L RN, PHESSHM ST ARG AR T A BHAPTHI SR . FEM L5 TR 45 R & B, Uil T4
RIMARE . 250 LS RMB TR 2], GIEDHEA A0 S E T, 8 B PR I 2 B IE PR R DF
R 2SS R0 2 BT ORI, BEBIR AT, b e & Sl RRE . B, MR RZIR
e th A RL R S R R

KR . AYGERIRE SRR PREAIE; fifil; 3D-Hashing; MRS

FE 425 TB332 XERFRER: A XEHS:  1000-3851(2020)06-1312-09

Tensile failure mechanism of carbon fiber reinforced polymer composites with ply splice

CHEN Dingding' , ZHU Meng' , HU Qigao®, WANG Manyi*, WANG Rui'
(1. College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China;
2. College of Military Basic Education, National University of Defense Technology, Changsha 410073, China;
3. 63926 Troops of the PLA, Beijing 100192, China)

Abstract: When facing large scale and complex shapes situations, it is inevitable for fiber reinforced plastics (FRP)
to splice two or more plies to meet the requirements. However, the complicated stress distribution within the splice
structure may lead to serious safety problems. In this paper, the unidirectional carbon fiber reinforced polymer
(CFRP) composite with splicing of different layers at the same location was taken as the research object. The effect
mechanism of splicing on the tensile mechanical properties of CFRP composite was emphatically analyzed. The in-
fluence of ply splice on its mechanical strength was tested by tensile experiment. The damage process was recorded
by camera, and the strain field near the splicing site was monitored by digital image correlation technology (DIC).
The finite element model (FEM) was used to simulate and analyze the failure mechanism of the structure, and 3D-
Hashin criterion and progressive damage model were used. The failure behavior of adhesive layer was described by
cohesive zone model. The results show that the tensile strength of CFRP composite with the ply splice structure de-
creases obviously. The FEM simulation results agree well with the experimental results, which indicates the effect-
iveness of the model. According to the experimental results and simulation analysis, the stress concentration at the
ply splice results in the separation of two splicing parts and the interlayer shear failure of splicing layer and continu-

ous layer. After the interlaminar failure, the tensile load is completely carried by the continuous layer. Therefore,
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the ultimate bearing capacity of CFRP composite is determined by the number of continuous layers in the material.

Keywords: fiber reinforced plastics; ply splice; tension; 3D-Hashin; cohesive zone model
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Fig.1 Schematic diagram of carbon fiber reinforced

polymer (CFRP) composite with ply splice
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Table1 Material properties and strength parameters of
T300/E901 CFRP composites

Material Ig’l;zlrlr?;l:rasl Value
Epoxy resin E901 E/GPa 3.78
i 0.35
E\/GPa 127.34
E,/GPa 778
E;/GPa 778
Vi 0.27
Vi3 0.27
Va3 0.42
G;,/GPa 5.00
Unidirectional CFRP G,3/GPa 5.00
G,3/GPa 3.08
X./MPa 2114
X./MPa 704
Y,/MPa 80
Y./MPa 68
S15=813/MPa 80
S,3/MPa 55

Notes: E—Young's modulus; »—Poisson's ratio; G—Shear
modulus; X, Y—Strength; Subscript 1, 2 and 3—Direction 1, 2 and

3; Subscript t—Tension; Subscript c—Compression.
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Fig.3 Tensile sample
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Table 2 Comparison of initial damage loads of experiment
and FEM for CFRP composites with ply splice

Initial damageload  Initial damage load Error/%
for experiment/N for FEM/N ?
D3 38 936.94 43 473.7 11.6
D5 30 243.57 32568.5 7.6
D7 26 098.17 25489.1 6.4
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Table 3 Comparison of ultimate loads of experiment and
FEM for CFRP composites with ply splice
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experiment/N FEM/N

DO 63 731.48 62 850.3 1.7

D3 47 655.43 55253.5 16.1

D5 41 354.25 45521.9 10.1

D7 40 472.96 40 627.3 0.3
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Fig.9 Image of tensile strain and shear strain of digital image correlation
(DIC) technology and FEM of the CFRP composites specimen D5
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specimen D5
((a) SDEG of cohesive elements; (b) SDEG of CFRP elements; (c) Tensile stress S;;; (d) Shear stress S5)
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