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A Study of Static Tensile Mechanical Properties of Bolted
Joints with L-Shaped Ti-Al Curved Laminate

GUO Xuan, ZHANG Yinli, LIU Yanjie, LIU Hongquan, XI Zhanrong
(The First Aircraft Institute, AVIC, Xi’an 710089, China)

Abstract In order to research the effect of bolt eccentric distance and install direction on static tensile be-
havior of bolted joints with L.-shaped Ti-Al curved laminate, the researches are adopted by the experimen-
tal and numerical methods. A test is accomplished on 7 sets of specimens with 3 groups (i. e. pure tension
bolted,up bolted and down bolted) divided. The test results demonstrate the average collapse load and
mode of group A respectively. The Influence of eccentric distance and installation direction on mechanical
behavior of bolted joints is investigated by group B.C. FEMS are proposed by ABAQUS to reproduce the
test results of the above-mentioned groups. Through Johnson-Cook, the plastic and failure criteria of the
bolt are developed. The stiffness, failure mode and collapse load obtained by FEM method are in good
agreement with the experimental results. Besides, the FEM can clearly describe the starting position and
expansion process of bolt breakage. According to the experimental and numerical research, the failure load

of butt-bolted joints is much lower than that of the bolt pure tension group due to the additional bending
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moment, and the ultimate loads decrease with the increase of eccentric distance. Furthermore, the ulti-

mate loads of down bolted are slightly higher than that of the up bolted while comparing specimens with

the same eccentric distance. The failure mode of group A and C is bolt cross-section fracture (type 1),

while the failure mode of group B is bolt head curling failure (type I ). This study has a certain of guiding

significance for the design of bolted joints with L.-Shaped curved laminate.
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Tab.1 Test matrix and result

Riett . WRRBEE ECGREU O RR
T T % A /kN
A-00 3 18. 447 1.27 18. 059
B-10 3 6.656 3.01 7.331
B-14 3 5.957 3.52 6.159
B-18 3 5.072 4.31 5.141
C-10 3 7.442 3.35 8.029
C-14 3 6.701 2.58 7.241
C-18 3 6.099 4.39 6.371
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Fig. 3 Typical displacement-load curve of configuration A
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Fig.5 Typical displacement-load curves of configuration B
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Fig. 6 Typical load-strain curves of configuration B-10
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Fig. 8 Load transfer diagram of eccentric bolted joints

R C LB 1k B 7F AT 7 IR A SR BT i O
B X AL S LA T A PR RE B R R o AN [ B
SR 1 2 A 12 A% it 2 UL 9. 0 iR B B, R
iy B2 B e R K Bl S T LA A 2tk 5 b RHIE
LA 2 R 30 B RS AR LV R TR IR AR AR
Wi, 254 2k LR BRBE Ty o BT (LB 28 AN A7 AE S
THYTL B A5 B IO B 3K R PR Y
2k BURE R A AR A I AR o A0 AR IR X 7 4 3
LA ERIR 2 N

8
— C-10
7+ —— C-14
— C-1
6_
g st
&
g/ 4
3L
2k
1
0 1
0 5

2 3
A mm
B9 2RI HmE CARHETMB ML

Fig.9 Typical displacement-load curves of configuration C
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Fig. 12 Geometeric dimension of bolt
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Tab.2 Property parameters of metal material
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Fig. 15 Comparison of strain between FEM and test

A-00 {5 ELA5 R X L 18] 16, B35 Sh 8 fr
{14 58 B F) B v S OB S 1Ak I T 40K L B IR
T A /IR R T T 28 5 6 A B ) e R
AR — B, DAy R R A AT BT 2R (T R, L Ay B R
TR R R I 2R R R, RS R AR RS

B 16 iR AHEAERFEX

Fig. 16 Failure mode of finite element model A
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