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Fig. 1 Finite element model and bolt schematic of

GBJM method®!
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Fig. 2 Rotational couples between beam nodes and nodes at

hole-edge in bearing plane of joint!®]
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beam element and nodes at hole-edge
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Fig.5 Finite element model for HTA/6376 three-bolt Fig. 6 Comparisons of predicted boltload distributions and
single-lap joint specimen test results of HTA/6376 specimen
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Table 1  Bolt load distributions of three-bolt single lap HTA/6376 specimens at different displacements
Parameter GBJM method Improved GBJM method Experiment
Joint displacement/mm 0.1 0.2 0.3 0.1 0.2 0.3 0.1 0.2 0.3
Bolt 17 1. 636 3.529 5.398 1. 685 3.364 5. 050 1. 403 2.934 4.416
Bolt load/kN Bolt 27 1.172 2.490 3.784 1. 493 3.082 4.697 1.303 2.637 3.922
Bolt 3% 1. 636 3.529 5.398 1. 685 3.364 5. 050 1. 403 2.934 4.416
Total load/kN 4. 444 9.548 14. 580 4. 863 9.810 14. 797 4.109 8.505 12. 754
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Fig. 7 Schematic of T800/BA9918 specimen for Fig. 8 Splice details of T800/BA9918 specimen for

lower panel joint lower panel joint

2 T800/BA9IIS & [a) s By B A I Ak
Table 2 Basic properties of T800/BA9918 unidirectional tape

Modulus/GPa Strength/MPa Poisson’s ratio

Ey, Es, Ei. E;. Gz Xt Xe Yr Ye Stz Sa3 V12 V23

148 8.63 136 9.05 4.43 2 837 1462 59.9 190. 3 134 107 0.313 0. 300

Note: Ej, and E;. — Longitudinal tensile and compressive elastic modulus; Es and E». — Transversal tensile and compressive elastic modu-
lus; Gy Shear modulus; Xt and Xc¢ Longitudinal tensile and compressive strength; Yt and Y¢ Transversal tensile and compressive
strength; Siz and Sz; — Intralaminar and interlaminar shear strength respectively; wvis and vy3 — Principal poisson’s ratio.
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Fig. 10  Strain gauges on T800/BA9918 specimen for

lower panel joint (back surface in brackets)
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Fig. 11 Predicted results of load-displacement curve of

T800/BA9918 specimen for lower panel joint
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Fig. 12 Fiber compressive damage of 0° layer in skin and
stringer flange of T800/BA9918 specimen for

lower panel joint
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Fig. 13 Strain-load curves of 17%-22% strain gauges of

T800/BA9918 specimen for lower panel joint
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An improved GBJM method and its application in bolt load distribution and

load capacity analysis of composite structures with bolt group

LI Nian', REN Feixiang' » CHEN Puhui”', YE Qiang', SUN Yanpeng®

(1. State Key Laboratory of Mechanics and Control of Mechanical Structures, Nanjing University of Aeronautics and

Astronautics, Nanjing 210016, China; 2. Shenyang Aircraft Design Research Institute, Shenyang 110035, China)

Abstract ;

In order to analyze the bolt load distribution and load capacity of composite structures with bolt group,

an improved global bolted joint model (GBJM) method was developed firstly, and then the method was applied to

predict the bolt load distribution and load capacity of multi-bolt composite joint structures. The prediction values and

test results were compared. Results show that the predicted multi-bolt load distribution coincides well with the test

results before the onset of composite hole-edge damage; as for the prediction of the load capacity of structures, this

method seems to be conservative with 15% lower than the test results. Meanwhile the improved model has two sig-

nificant advantages: one is high computational efficiency with a 75% rise compared to the three-dimensional finite el-

ement models for the calculations of bolt load distribution; the other is that this method is effective for the prediction

of failure loads of composite structures with bolt group.
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