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A Study on Stress Concentration Factor of Composite Laminate

Mechanical Joints
Jeong-Sik Kwon*, Jin-Sung Kim and Soo-Yong Lee

Department of Aerospace and Mechanical Engineering, Korea Aerospace University

ABSTRACT

In this paper, the results of composite laminate mechanical joints test(ASTM D5961) are
compared with the theoretical strength calculations and FEM analysis results. To calculate
the S.C.F.(stress concentration factor) on joint strength, equations on metallic and composite
materials in ASM Handbook used and compared with experimental results. The difference
of joint strength are compared by geometrical parameters and joining types(single/double
lap joint). In FEM analysis, to find efficient FEM model on composite laminate mechanical

joint, several FEM models are compared with experimental test results.
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Fig. 2. Double lap joint test

Table 1. Joint test factor and level

Factors Details Level
Type |Double/Single Lap Joint 2
e/D 125, 1.5, 2.0, 3.0 4
W/D |20, 25 3.0, 4.0, 55 5
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1000 |-

800 |
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Strain (%)

Fig. 3. Bearing stress-strain curves for
double lap joint test
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Fig. 4. Bearing failure modes of double
lap joints

Table 2. Double lap joint test result

. y | Resul? Failure
Material Code (MPa) (mode)
D_3.1.25 631.7 Cleavage
D315 793.3 Cleavage
D 32 854.4 Net-tension
D 325 906.8 Net-tension
[0/+45/90Ls |D_3_3 9059 | Net-tension
D 253 758.2 Net-tension
D_4.3 935.9 Bearing
D 53 951.0 Bearing
D 553 963.1 Bearing
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1) D(Double lap shear) X(W/D)_X(e/D)
2) Ultimate bearing strength
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Fig. 6. Bearing strength-displacement curve

Figure 5= ASTM D591 Proc. B(unstabilized
single lap joint test) Al@ol™, Fig. 62
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Table 3. Unstabilized single lap joint test
results
. »  |Result” |Failure
Material Code (MPa) (mode)
S 3125 |631.7 Cleavage
S 315 |7933 Cleavage
S 32 854.4 Net-tension
S 325 ]906.8 Net-tension
[0/+45/90],s |S 3.3 905.9 Net-tension
S 253 |7582 Net-tension
S 4.3 935.9 Bearing
S53 951.0 Bearing
S_55.3 [963.1 Bearing

3) S(Single lap shear)_X(W/D)_X(e/D)
4) Ultimate bearing strength

Table 4. S.C.F on double lap joint test

— ASM Test
pecimen

Ige Igc [(tn [gb
Al_D_6_3 6.7 - 2.1 0.7
Al_D_4 3 4.4 - 1.2 0.7

25 D_3.125| 34 1.6 2.1 1.5
25_D_3.15 3.4 1.6 1.7 1.2

25 D 3.2 3.4 1.6 1.6 1.1
25_D_3.25 3.4 1.6 1.5 1.0
25 D_3.3 3.4 1.6 1.5 1.0
2S_D_4 3 4.4 1.8 2.1 1.0

25_ D 53 55 2.1 2.8 1.0

25_D_553 6.0 2.3 3.1 1.0
25D 253 2.9 1.5 1.3 1.3
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Fig. 7. K-e/D curve
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Fig. 8. K-W/D curve

Table 5. Comparison of S.C.F by joining
method(double and single lap)

S ' D S [(tgou ble

peemen x| K, | K, | kK, | Ko
2S X 3 1.25 2.1 1.5 2.6 1.8 1.2
2S X 315 1.7 1.2 2.3 1.7 1.4
2S X 32 1.6 1.1 2.4 1.7 1.5
2S X 325 1.5 1.0 2.2 1.6 1.5
2S X 33 1.5 1.0 2.2 1.6 1.5
2S X 4 3 2.1 1.0 3.2 1.5 1.5
2S X 53 2.8 1.0 3.8 14 1.4
2S X 55 3 3.1 1.0 4.4 1.4 1.4
2S X 253 1.3 1.3 2.0 1.9 1.5

712]3l Table 5+ HE&FARE 7144 AZFE A
Z }2](Double/Single lap ]ommg)oﬂ U‘JrE A
75‘} TEHPATAT AT

b A1 FAa £a e gel 2g
of o% AABET} olF Pl A% AABE
o Hisl AREp Wold Adg=t Asae
& & slth oE 7 AFHA AFHE F 3HF
3 A"R T e muE WA HgHo
2 Qojupy] wEolth

214 7IAH HNER =

BgAE 429 7
AN A ARE 7
oA Watel AERE 2
th4] & oq:r“’ﬂ’\ﬂL ool AZ2A7E A
25 3151“7] =9 sl o Al
3ard e g AH EJ_‘“/]’ET}X] L Aol
ES Table 6, Fig. 9%}

| @

o |:o

R
iy 8L
£ 1>
1o
Jo

|
l f
%t ol

R
ol
&_&

e

o
o2
r (
¥ s
ml ok wjt rfr ¥o T b

Y mﬁ OFO

opp 2 i

Patran/Nastrans ©|-83+ z}zte] mdlof o gk
F3es X AHAES Fig 100 dehpdT. zHzt
o mdof wel Hof SHH Hof 8 LA A
7 2471 g2A YEds Z91E F Ut 4 =
dof] iz A, AF ¢ o]&F Akl o

A7E Table 76] LehA 2T}

Table 6. FEM models for double lap joint

Model Details
2D 22 MM 3 MESHA
A ZH 22R BE Element)& ©o|&3sto] &
= sts2 P‘WEIE StETE

MEZS 0|

5
Ral
i)
=3
2
_°,£ L]
o
2
e




AR AAS SERAFAT g 1@ 199

441 % B 3 9 2013, 3 A AR
Model A Model B
Model C Model D

Fig. 9. FEM modeling of double lap joint

Table 7. Comparison of ultimate bearing
strength and failure mode

FEM Model
E
Test | Eaq(3) A - G 5
It
a}jearmg 952 | 1212 | 2320 | 1390 | 2370 | 1710
Failure B - N.T. B B C

N.T. : Net-tension, B : Bearing, C : Cleavage

Model A Model B

Model C Model D

Fig. 10. Results of finite element analysis
by models
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