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Study on the Tensile Test Design and Progressive Failure Behavior of
Composite L-shaped Bolted Joints

Qiyu Ding', Jiafan Feng?, Ting Zhang?, Huan Wang 2, Yi Liu?, Wenting Ouyang?®”
(1.Polytechnic Institute, Zhejiang University, Hangzhou, Zhejiang, 310015; 2.School Of Materials
Science And Engineering, Zhejiang University, Hangzhou, Zhejiang, 310058)

[ Abstract] This study combines numerical simulation and Digital Image Correlation (DIC) techniques to
analyze the mechanical response and progressive failure behavior of L-shaped bolted composite joints under tensile
loading. Experimental results show that delamination initiates in the R-region due to stress concentration, causing
an initial load drop and propagating to the bolt hole, significantly reducing the load-bearing capacity, with a
measured tensile strength of 31.42 MPa. A refined finite element model was developed to analyze stress distribution
and delamination evolution. The simulation shows that matrix tensile damage dominates R-region delamination,
while fiber compression damage around the bolt hole leads to rapid capacity loss after the peak load. The simulated
load-displacement curves align well with experimental results, with peak load and tensile strength errors of 7.92%
and 9.71%, respectively. These findings validate the simulation's accuracy and provide a theoretical basis for
component-level test design and optimization of composite flange structures.

[ Keywords] Composite flange structures; tensile performance; finite element modeling; DIC; delamination
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Fig.1 Design diagram of composite material-type L test piece (a) schematic diagram of peripheral connection
structure of composite material; (b) size diagram of L-type test piece
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Table 1 Dimension Parameter Design Table

Dimension Name Specific Value
Total Specimen Length, L 150 mm
Fixed End Height, H 50 mm
Flange Specimen Width, W 40 mm
Radius of R Corner, R 3 mm
Specimen Theoretical Thickness, t 4 mm
Bolt Hole Radius, r 5 mm
Fixed End Bolt Hole Distance (from center to edge), h 15 mm
Moving End Bolt Hole Distance (from center to edge), | 30 mm
Specimen Layup Design [0,£60]10

2.2 RIEHHIT
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B 6 AR s AR . BB SE R X 3TN B AR AT A . T a4 AT, Hil#& =
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Fig.2 Test Specimen Process Flow Diagram
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Fig.3 (a) Physical Image of Test Specimen; (b) Schematic Diagram of the Tensile Test Principle
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Fig.4 Tensile Test and Equipment(a) High-Speed Camera Equipment;(b) Test Specimen Assembly;(c) DIC
Equipment Image Acquisition
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Table 2 Mechanical properties of composite laminates

N

Property Average value
Mass Density 1.81 g/cm?®
Modulus (fibre direction), En 146 GPa
Modulus (transverse direction),Ez; 8.01 GPa
In-plane shear modulus, Gi» 5.06 GPa
In-plane shear modulus, G2z 3.03 GPa
In-plane Poisson's ratio, v 0.02

Tensile strength (fibre direction), X; 2160 MPa
Compressive strength (fibre direction), X 1290 MPa
Tensile strength (transverse direction),Y: 45.9 MPa
Compressive strength (transverse direction), Y 226 MPa
In-plane shear strength, Si» 99.3 MPa

xR 3 HAMEZEWMZFTERES

Table 3 Interlaminar properties of composite laminates

Property Average value
Mass Density 1.25 g/cm?
Cohesive bond normal strength, T 45.9 MPa
Cohesive bond shear strength, S 60.8 MPa
Mode I fracture toughness, GIC 0.26 mJ/mm?
Mode Il fracture toughness, GIIC 1.59 mJ/mm?
Cohesive bond normal stiffness,E 1X10* MPa/mm
Cohesive bond shear stifiness, ET 1X10* MPa/mm
Mixed-mode loading parameter,a 1

ASCIHETF RIS I TUAT R, 2 ST PR oo B o R38R e 30 )2\ 715 s B e e Lk, 132 R 0.146
mm, st 52N 4.38 mm, AR [ERASSAF RF o J LA A5 Solidworks 34458 i, P& K1) 433838 Hypermesh
WAL, ENR H MAT_054 A RFAMIEIAL, 2 Al 478 2 ) FE Cohesive BT, {H MAT_138
PRI AT RAE . B XS aE e FL 5 R A X AR ST T Rt dnit, oSN Lmm, g HAh X 3k
EICRSE A 2 mm, W 6 Frs. JETS00R52 PR W BN, X I BT s 4Rt 0 [ S 20 R BT A H B
B, JEIL INITIAL_STRESS_SECTION K F M8 fLAt in s /7, DARLRE AR S IE 20 % b e BT 4L st
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Fig.6 simulation model

A 5 9 MR AR LT 10 mm, BT R 5% S P 00 40 RSO B, SURMRELT S
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4.1 L BIRIE A BRI {8 17 500 B2
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RARRE, PRI H AT 30% LA, BRISLE A . FRam i I{Ek 31.42+1.03 MPa, BRI Al
1 T2 VE R A B T S

Xof Fe AT B AT IR BT - # i R ARG 25 5, v LR IA7 B it 28 500 1 il 28 7 W46 I 2k (1 s v B B L 52
AL, R EBRE S X AR R R B AR, REHER S LR A MR B N AR TR . R, 1
B4R 5 0 it 2R E U B A S (AR Sk T B BRI AR A a5, JUILAE B T R X, (iRt S
I 235 R I 2 R SRFAE, 7 RSB B HERG M BRAR 30 1 FE R AR SR 2 UG TR Sk 2 IRT
FerpdfE . xR 4 Froshifiir o 280, 1 B 3 - A fe ith Bk BIUE(E I, WEE 44T )9 5903 N, ik
IO A P I WA 37 6411 N X EL, R ZEAUN 7.92%; 7 H45 Rt ST H i 5RE y 28.37 MPa, FliREG 135
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-8 - MRIBESTEFR 2024 £ H

7000 4 xgi ;
1 —— WOX-3
6000 | —
b ”
5000 -
o
£ 4000 4 L.
=
3000 - %
2000 4
1000 -
0 T T T T T T T T g T T T
0 I 2 3 4 5 6

L A% (mm)
B 7 F ARG 45 R A - RS 26

Fig.7 Comparison of load-displacement curves between simulation and test results
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Table 4 Tensile Properties of Defect-Free Specimen

s Ve A 2 B N SRR AL RS P i
Pmax/N Stu/mm op/MPa
WQX-1 6423 4.39 31.75
WQX-2 6189 4.36 30.27
WQX-3 6620 4.26 32.25
FME 6411 4.34 31.42
i B 3 5903 4.38 28.37
R 7.92% 0.34% 9.71%
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