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Experiment on single bolted joints in laminates

under multilevel fatigue loading
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Abstract: A series of quasi<Static tension experiments and constant amplitude tension-
tension fatigue experiments for researching the multilevel fatigue behavior under real cyclic
loading were performed on single bolted joints in laminates with the ratio of the width of the
laminate to the diameter of the central hole being 3 and the ratio of the distance between the
central hole and the end of joint to the diameter of the central hole being 3. Real damage
types and failure rules of single bolted joints in laminates were also discussed to provide the
basis of stress level selecting of multilevel fatigue experiments. Finally, an experimental
program of researching fatigue behavior under two-level fatigue for low-to-high and high-to-
low loading sequence was conducted. Fatigue damage index was calculated and analyzed by
using the classical linear progressive damage method of Miner rule. The results show that
the fatigue damage index is larger than 1 when the loading sequence changes from low-level

to high-level. On the contrary, the fatigue damage index is less than 1.
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Fig. 1 Schematic of joint size
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Fig:2™ Schematic of doubletlap bolted

joint test fixture
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Table 1 Static tensile failure strength of single bolted

joints in laminates (plate A)

Ak S 20 27 N S 0 27
E/D W/D
i SREE/MPa 3 FE/MPa
SJW1-303-01  230. 33
3 3 233.29
SIW1-303-02  236. 25
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Table 2 Static tensile failure strength of single bolted

joints in laminates (plate B)

E/D W/D
G5 i & / MPa R/ MPa
SJW1-303-07 215149
3 3 210.63
SJW1-303-08 205. 77
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Fig. 3 X-radiographs of single bolted joints in

SIW1-303-03

laminates after static tensile failure collapse
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Table-3.__Experimental results of single bolted joints in

laminates under tension-tension fatigue loading (plate A)

V| R R/ Ffr/
E/D W/D ,

K G5 Hz  WRAEH
80% o, FJW1-303-01 3 2018

FJW1-303-03 5943
5% o, 3

FJW1-303-04 7389

3 3

FJW1-303-05 304633
74% o,

FJW1-303-06 226284
70% o, FJW1-303-02 5 3002319"

TE T "I R IR AE T A R (H 3 1
FRECE I 4 E AR O B 10° I CRTAD.
x4 BEEWASTELA-RES KBS R (WM B)

Table 4 Experimental results of single bolted joints in

laminates under tension-tension fatigue loading (plate B)

N g R Wi/ )
E/D W/D i )
K- Y5 Hz  WRAE¥H
FJW1-303-10 39515
80 % o,
FJW1-303-11 57828
3 3 FJW1-303-12 192007
78% o,
FJW1-303-13 175643
75% o4 FJW1-303-09 5 1005262
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Fig. 4 X-radiographs of single bolted joints in
laminates after tension-tension fatigue

failure collapse
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Table 5 Experimental results of single bolted joints in

laminates under fatigue loading from high stage

to low stage (plate A)

i ik R/ R A6 PR
E/D W/D

K- % Hz  H/
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33 FIW1-303-7

4%, 3. 157179

XFF HbA-B YT E] 0 2 A R S TAE Sk R
T EAE 80 YR J1/K N (% 55 % fiv 30 Y0 2 A4 it
13 10000 WAG IR 28 )5 B AR far 2 78 26 1 J) 7K
AT 57 A0, 22 AR AT 4 Sk A e
T S 28Ar T e B 2R % 95 e 25 Rk 6
7R

Ro6 EEMBTELIATHSIREST KEER
(tR#t B)
Table 6 Experimental results of single bolted joints in
laminates under fatigue loading from high stage

to low stage (plate B)

N 1 A WA, N s
E/DW/D o (R
7K i Hz 0% U
N N .
B/
FJW1-303-14 10000
80 % o, 3 10000
FJW1-303-15 10000
3 3
FJW1-303-14 118376
78% o, 125928
FJW1-303-15 133480
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Table 7 Experimental results of single bolted joints in
laminates under fatigue loading from low stage to

high stage (plate A)

N H1 R B/ R E IR
E/D W/D

7K i Hz /)

74 % o, 3 100000
3 3 FJW1-303-8

75 % o, 4279
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Table 8 Experimental results of single bolted joints in
laminates under fatigue loading/from low stage to

high stage (plate B)

W FHl
R g R i, .
E/DW/D KT e - B WIER
K52 z
’ /R OB/
FJW1-303-16 50000
78 % o, 3 50000
FJW1-303-17 50000
3 3
FJW1-303-16 32147
80 % a, 3 36238
FJW1-303-17 40329
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