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FEM Analysis and Experimental Investigation on the Interlaminer
Shear Strength of the Multr axial fabric Reinforced Laminate

LIU Zhuo feng, XIAO Jia yu, ZENG Jing cheng, JIANG De zhi
(College of Aerospace and Material Engineering, National Univ. of Defense Technology, Changsha 410073, China)

Abstract 3 kinds of laminate samples reinforced by UD, (45 - 45, (/4590 — 45 multt axial fabric respectively, were
manufactured by the vacuum infusion moulding process. Each lammnate had 4 types of thickness. Experiment was made to investigate the
short beam shear strength and the failure mode of them. The finite element model of the short beam shear sample was established, and
the interlaminar shear stresses in different positions were calculated. The result shows that the free edge delamination failure is liable to
occur with the increment of the off axis plies which is mainly due to the stress gradient though the width direction. The interlaminar
shear strength of the (/45 — 45 laminate is the highest of the 3 kinds of laminate with the same thickness. There are size effects in the
shortbeam shear strength test, the shear strength decreases while the sample coefficient of variation ncreases with the thickening of
lammate.
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Fig. 1 The failure modes of the short beam shear samples

1
Tab.1 The failure modes of the short beam shear samples

Number of the samples n failure modes

laminates Thicknesy mm
a b ¢ d
ub, 34 3 1 - _
D, 10. 2 - 4 - _
UDg 15. 3 - 4 _ _
UD,, 20. 4 - 4 - _
(045- 45, 34 2 2 - _
(045- 45, 10. 2 - 4 _ _
(045 - 45 15 3 - 1 3 _
(045 - 45) 20. 4 - - 3 1
(90 49 - 45), 34 4 - - -
(9945 - 45) 10. 2 4 - - _
(9045 - 45) 153 3 1 - _
(9045 - 45 o 20. 4 2 2 - -
(0/45/ 90 - 45), 34 2 2 - -
(04590 - 45) ,, 10. 2 - - 4 _
(04590 - 45) 15.3 - - 1 3
(0/4590/ - 45) 24 20. 4 - - _ 4
, 3 , , ,
) , 3 ,
, 1 2 , 904y - 45
) 0 , , ,
s ) , 90/45/ - 45
1 s 10.2mm 15.3mm  20.4mm  UD 0/45/-45 O/

45/ 90/ - 45
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Tab. 2 Properties for the FEM calculation of the shoit beam test laminates

E,/GPa E,/GPa E,/GPa  Gy/GPa G,/GPa  G,/GPa By B, B,

45 10 10 4 3.8 4 0.35 03 0. 35
Sxz, 3 Sxz
B R o
- B 305508 =
= = =
=i = =
-

(c) 0/45/90/-45

(a) UD (b) 0/45/-45
2
Fig. 2 Sy nephograms of different laminates under short beam shear loading
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Fig.3 The calculated Sy, at diferent internal positions of the shoit beam test laminates
,3
, UD 0/45/- 45 (Y4590 - 45 ,
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Tab.3 Sample coefficient of variation ( CV) of the short beam Strength
laminates CY % laminates CV] % laminates Y %
ub,, 2. 627 (Q 45 - 45), 1. 456 (04590 - 45), 1. 397
UD,, 4025 (045 - 45),, 2549 (04590 - 45) 3.208
4 . 0/45/
- 45 ) ’
.3 10. 2mm 15.3mm  20.4mm ,UD
3.24%  5.10% ,(y 45/ - 45 3.85% 5.20% ,UD
5.92% 7.08%  Wisnom
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