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Case of a [45] unidirectional glass fibers-reinforced lamina
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Case of a 40% glass fibers volume fraction unidirectional reinforced lamina
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Case of an [0] epoxy/boron unidirectional fibers reinforced lamina subjected to

biaxial stresses
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Case of an [-45] epoxy/boron unidirectional fibers reinforced lamina subjected

to biaxial stresses
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Case of HM-carbon, HS-carbon and Keviar49 [0/90/0/90], |0/45/-45/90] and
[45/-45/45/-45] laminates
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Results
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Case of HM-carbon, HS-carbon and Keviar49 [0/30/-30/60]s, [0/45/90].s and
[90/452/0]s laminates

B S | 1 -
- , ,
- > ( HEH(SH( SH( #1LHE( ) (/H#1 _L
HH( ) (#I- § I "
X K UQ#) !
: Q I & " # /# L
4 . K

~N AN A N A~
+
-,
o
+*
H*
X
_—<



( Xa0 )X,V
( XLO)#X,
L - K

(+e O BH## X, ¥

(+f0 .#X,
L /L - K
(+e0 ## X, VY
(+r0)# X,
+ul +ol Xy Ki-
$ P $
160
140 r
120 F
£ 100
2,
> 80 -
&) 60
40
.--"----_ I ___—_--—-_"--_
20 T ==
O | | | | | | | | |
0° 10° 20° 30° 40° 50° 60° 70° 80° 90°
Off-axis loading system
—HM]J[0/30/-30/60]S ——HM][0/45/90]28S —HM[90/45/45/0]S
HS[0/30/-30/60]S ——HS[0/45/90]2S —HS[90/45/45/0]S
—K49[0/30-30/60]S ——K49[0/45/90]2S K49[90/45/45/0]S
5,914 O 0 0 ' 0



140

120 r
— 100 -
s}
o,
S, 80 /
- e
Z 60 /
40 F /
20 Fooe— e
0
0° 10° 20° 30° 40° 50° 60° 70° 80° 90°
Off-axis loading system
—HM][0/30/-30/60]S —HM]J[0/45/90]12S ~ ——HM][90/45/45/0]S
HS[0/30/-30/60]S ——HS[0/45/90]2S —HS[90/45/45/0]S
—K49[0/30-30/60]S ——K49[0/45/90]2S K49[90/45/45/0]S
5" ,509/% 0 0 0 ' 0
0
45
40 r
35
£ 30 ¢
.9, 25 L
20 |
15
10
5 -
0
0° 10° 20° 30° 40° 50° 60° 70° 80° 90°
Off-axis loading system
—HM][0/30/-30/60]S —HM][0/45/90]2S  ——HM][90/45/45/0]S
HS[0/30/-30/60]S ——HS[0/45/90]2S —HS[90/45/45/0]S
—K49[0/30-30/60]S ——K49[0/45/90]28S K49[90/45/45/0]S
5", 0%C 0 0 0 ) 0

/#



1,2
1 -
> 08 f
B
s 06 [
04 f
0,2 F
0
0° 10° 20° 30° 40° 50° 60° 80° 90°
Off-axis loading system
—HM]J0/30/-30/60]S —HM]J[0/45/90]2S ~ ——HM][90/45/45/0]S
HS[0/30/-30/60]S ——HS[0/45/90]2S —HS[90/45/45/0]S
—K49[0/30-30/60]S ——K49[0/45/90]28S K49[90/45/45/0]S
5" ,#99=¢tR O 0 0 ' 0
0

Case of E-glass fibers-reinforced [16/-81.8], [30/-30/90] and [55/-55] laminates
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Case of a [0/90/0/90] glass fibers-reinforced composite laminate subjected to a
biaxial field of loads
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Cocfficients of thermal expansion in case of [30] glass/epoxy lamina

3 = $H
I I e
! ! 1
L $ L -~ 1 1
K
( HeQ+¢Q $#H A, VieQieQ .R #P °°F
L #H= 1 |
- 9$ P9 :
) # #
Oy - # 4 S # K
# SHH
0 # # . #
y ) )
; 8
i 49 4s) #s)  # vg) S 2
: SHiH -
: SHiH g !
> #  #3) #9) #$) 5
b St # B

F > 9% $: P 9% ):1 |



XX

$#2

0 # $#2

Yy

0 $#2  $#2
Xy

# $#2 ) # K |

# $#2 . # K 1

! A, 0L, Oy, Oy Olxy

100

1
o o = O co
< o © o © <
| | | | | |

Alpha-CTE (10" -6 K* -1)

1

=N

<
|

1
o
<

20

—— Alpha-transverse

— Alpha-parallel
5" 044

30 40 50 60 70 80 90

Fibers volume fraction (%)

— Alpha-yy — Alpha-xx
— Alpha-xy

100

19-8



Cocefficients of humidity expansion in case of [30] glass/epoxy lamina
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Application_in_case of [-45] glass/epoxy lamina subjected to a AT = - 100 K

temperature variation
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Application_in_case of [45] glass/epoxy lamina subjected to AU = 1% humidity

variation
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Application in case of [55] carbon/epoxy lamina subjected to a AT = - 40 K

temperature and AU = 1.5% humidity variation
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Application _in_case _of a unidirectional [a] glass fibers-reinforced lamina

subjected to a temperature variation of AT =-35 K
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Application in case of a unidirectional [a] carbon fibers-reinforced lamina

subjected to a humidity variation of AU = 3.5%
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Application in case of a symmetric [0/90/45/-45]s carbon fibers-reinforced

laminate subjected to complex loadings
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