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Experiments on fatigue failure test of

single-row multiple bolted joints in composite laminates
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Abstract: The static tensile strength and fatigue characteristics of double-lapped three

bolted joints of T300/BMP-316 composite laminates were tested, which included three sizes

and two types of torques. In order to compare the differences in mechanics properties of

three joints and single joint, the mechanics properties of single joints were also tested. To

understand the double-lapped bolt hole’s deformation with increasing load, the hole’s de-

formation was measured. Experimental results show that the damage type is closely related

to its size, and there are some errors in using mechanics properties of single joint to charac-

terize mechanics properties of multiple joints, and the curve of bolt hole deformation-load is

obtained.

Key words: composite laminates; multiple joints; tensile strength failure;

fatigue failure; measurement of hole deformation
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Illustration of measuring nail

hole’s deformation
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Fig. 3 Experimental model of double-lapped joints
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(a) E/D=3, W/(3xD)=3.33

(b) E/D=3, W/(3xD)=4.17

(¢) E/D=3, W/(3xD)=5.00
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Fig. 6 Pictures of three joints under static tension

loading after final collapse
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Fig. 7 Pictures of E/D=3 and W/(3XD)=3. 33
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multistep loading
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Table 1 Ultimate tensile strength of single joint

Specimen Strength/MPa  Average strength/MPa

1 211.42

2 199.01 204. 26

3 202. 36

1 .
. .W/D=3.33
204, 26 MPa  W/(3X D)=
3. 33 230. 02 MPa
( 4) 11.20%.
8

W/(3XD) 3.33

8

Fig. 8 Picture of single joint under static tension

loading after final collapse

30 -

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



1642

27

12 MPa,
R:O'l’ s 8HZ.
3.1
3.1.1
, T=0,
9 E/D=3, _
E/D=3,W/
(3XD)=3.33
80% o,
LW /(3XD)=3.33
10
- , W/(3XD)
3.33 . W/
(3XD) 4.17 5.00 ,
’ 9
6 10 _
0.86
B ] |}
0.84
0.82}
W
Tz 080} e e A e ma -
o
0.78 F
® W/(3xD)=3.33
| | ® Wi(3xD)=4.17
0.76 A WI(3x1)=5.00 t s = w
0.74

34 3.8 4.2 4.6 5.0 54
lg N,

50

9 _
Fig. 9 Experimental date of specimens without
clamping torque under tension-tension

fatigue loading

E/D=3,W/(3XD)=3.33
’ 80 % Ou
_ ., 2

() EID=3, W/(3xD)=3.33

(h) E/D=3, Wi(3xD)=4.17

() EID=3, Wi(3xD)=5.00

10 -

Fig. 10 Pictures of three joints without clamping
torque under tension-tension fatigue

loading after final collapse
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Fig. 11 Pictures of three joints without clamping torque
for progressive damage under

tension-tension fatigue loading
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Table 2 Experimental date of three joints with
clamping torque under tension-tension

fatigue loading

Stress level Specimen Fatigue life lg N5,
1 16082

85% o, 2 8731 4.10
3 13756
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Fig. 12 Picture of three joints with clamping torque

under tension-tension fatigue loading
after final collapse
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Table 3 Experimental date of single joints without
clamping torque under tension-tension

fatigue loading

Stress level ~ Specimen  Fatigue life lg N,
1 79917
2 118220~

80% o, 5.08

3 137156
4 159511~

3 9 E/D=3,W/D=

3.33 80% o, -
5.08 E/D=3,W/(3X D)=
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Fig. 13 Damage picture of single joint under

tension-tension fatigue loading
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