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Research and Application of the Constitutive Model of Composite

Laminates in Hydrothermal Environments

Xie Wei, Dou Pengpeng, Xue Zhan
(School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: In recent years. composite materials have been widely used in aerospace and other engineering fields.
In actual use, the mechanical properties of composites will change significantly in different hydrothermal envi-
ronments. There have been a large number of experimental studies at home and abroad in response to this prob-
lem, while less research has been conducted on the constitutive model theory of composites in different hydro-
thermal environments. The study of the thermal properties of composite materials is adopted to introduce the
concept of hygroscopic expansion coefficient and thermal expansion coefficient on the basis of classical laminated
plate theory. The functional relationship between the elastic constants and the thermal parameters of the materi-
als is established through the definition of a dimensionless temperature, deriving the constitutive equations of the
single layer of composite material under the coupling of moisture and heat. Meanwhile, the 3D Hashin failure
criteria is used to simulate the damage evolution and failure mode of the composite laminates. The results show
that the model can predict the elastic response of composite laminates in different moist and thermal environ-
ments, which provides an important reference for analyzing the mechanical behavior of composite material struc-
ture in hydrothermal environments.
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Fig. 2 Geometric configuration of the open-hole test piece
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Table 1 Geometry size of the open-hole test piece

ﬁﬁﬁi-mm
R JE KB TR "
FEFL AL 2.3 300 36 6
FF AL 4 1 4.6 300 36 6
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T (—55 C—0% RH) Fi ik 56 28 85, 1)1
DDL-100 H ¥ 77 fig ik 35 AL & 48 2 47 4%, an )&l 3
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Fig. 3 Tensile test of laminates
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Fig. 4 Tensile failure mode
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Fig.5 Compression failure mode
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Fig. 6 Finite element model of test piece
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T HERER LW BN 4 iR,

F2 FRTAETF CF3031/BA9916- I #1441
a3 R R S8
Table 2 Material properties of component materials of

CF3031/BA9916- 1

EIE Bl Z B fE
E},/GPa 230 G, /GPa 1.23
E}, /GPa 15 . 0.4
GY/GPa 15 ar/(1076gK™1) —0.41

i 0.2 am/ (107 5gK 1) 83
Vi 0.4 B /(10 0g%) 0.6
E/GPa 3.45 om/ (ggem ™) 1.25

* 3 T TETF CF3031/BA9916-114 kB 1) 4 M ik 2 8k
Table 3 Properties of lamina of CF3031/BA9916- [l

Z B B fE Z Hfd
X°/MPa 1787 S%,/MPa 135
X?/MPa 1280 T0/°C 210
Y!/MPa 76 o/ (ggem™?) 1.5
Y!/MPa 200 C/% 0.6

# 4 MBPGB AL

Table 4 Hygrothermal degradation parameters

WA Bl g8 e
a 0.32 g 0.11
b 0. 44 h 0. 69
c 0.016 i 0. 25
d 0. 085 j 0.318
e 0.1 k 4 800
f 0.03

2.3 1RPRIEE TR

BT A SCHY I7 06X B3R T ALK 56 1R 7R A TR I
JRE T 050 R BT B S AT AU A A A
PRI A BR T B0 25 2R 5 08 405 2R 9 ) L 3k 5
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Table 5 Comparison of simulation value and

test value of the tensile strength

iz A 5 g
B
i 55 {6/ MPa 1/ B{H/MPa wE/%
25 C—0%RH 298. 93 314. 39 5.17
—55 C—0%RH 309. 19 327.89 6. 04

6 AR BT L S R b
Table 6 Comparison of simulation value and

test value of the compression strength

JE 45 58 5
BZ
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25 C—0%RH 333. 15 319. 28 4.16
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ES VA VA L 1 DA = i VA 4R

Fig. 7 Tensile and compression load-displacement curves
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Fig. 8 Tensile damage propagation process of the

matrix under dry and cold conditions
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Fig. 9 Stratified failure and fiber tensile
failure in e=1. 04 %
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Fig. 10 Fiber tensile failure unit when laminate fails
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Table 7 Injury initiation strain and initial damage pattern

JiIE- Wik wooBE N7 48 fof IR
_— T25 C—RH0% 0.63% FE AR A
' T—55 C—RH0% 0.75% F A f
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2F Y 1 45
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He A 21 2
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i H s 4
21 4t 1 i

T70 *C —RH85% 0.33%
Je A 2T 2

8RB AL Il e £ R RS

Table 8 Failure strain and final failure mode
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DA CH
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