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Abstract
Suwannao, J.}, Dechwayukul, C.%, Thongruang, W.* and Fongsamootr, T.?
Effects of thin adhesive layer and riveted-pitch distance

on the stress concentration factor of riveted lap joints
Songklanakarin J. Sci. Technol., 2007, 29(4) : 1069-1092

Thisresearch isto study the effects of the adhesion of thin adhesive layersin terms of modulus, and
the riveted-pitch distance on the stress concentration factor (SCF) of riveted lap joints, when the joints are
subjected to static tensile loading using Finite Element Method (FEM). The methodology comprises of three
tasks. The first task is to perform tensile and simple shear tests of thin adhesive layers to determine the
adhesion of adhesives in terms of modulus, which will be used in finite element models. The second task is
to verify the finite element models by testing the stiffness of riveted lap joints. The third task isto vary the
adhesion of thin adhesive layers and the riveted-pitch distancein finite element models, and then study the
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effects of these two variables on SCF at the rivet-shank hole. It is found that SCF is reduced when the
adhesion of thin adhesive layers is increased. The increase in the adhesion reduces bending of the joints,
resulting in thereduction of stresses at the rivet-shank hole. In addition, it isalso found that SCFisreduced
when the riveted-pitch distance is decreased. When the two variables are considered together, it is found
that the riveted-pitch distance does not affect SCF when the adhesion of thin adhesive layersis 10 M Pa or
higher.

Key words : stress concentration factor, finite element models, and riveted lap joint
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Figure 1. Bar in tension or smple compression with atransversehole
(Shigley, et al., 2003)

Figrue 2. Rectangular bar with a tranverse hole in bending (Shigley,
et al., 2003)
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Piece NO. Standard TypeofAdhesive Thicknessof Adhesive
Al JISK6849-1994 Rubber glue 0.2mm
A2 JISK6849-1994 Rubber glue 0.2 mm
A3 JISK6849-1994 Rubber glue 0.2mm
A4 JISK6849-1994 Rubber glue 0.2mm
A5 JISK6849-1994 Rubber glue 0.2 mm
B1 JS K6850-1994 Rubber glue 0.1 mm
B2 JISK6850-1994 Rubber glue 0.1 mm
B3 JISK6850-1994 Rubber glue 0.1 mm
B4 JIS K6850-1994 Rubber glue 0.1 mm
B5 JISK6850-1994 Rubber glue 0.1 mm
C1 JIS K6849-1994 Epoxy 0.2mm
c2 JIS K6849-1994 Epoxy 0.2mm
C3 JIS K6849-1994 Epoxy 0.2mm
Cc4 JIS K6849-1994 Epoxy 0.2mm
C5 JIS K6849-1994 Epoxy 0.2mm
D1 JISK6850-1994 Epoxy 0.1 mm
D2 J'SK6850-1994 Epoxy 0.1 mm
D3 JIS K6850-1994 Epoxy 0.1 mm
D4 JISK6850-1994 Epoxy 0.1 mm
D5 JS K6850-1994 Epoxy 0.1 mm
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Figure 10. Dimension of specimens, riveted-
pitch distance as 50.8 mm
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Table 3. Detail of all riveted lap joints

duwuduuugnunafunnt (27-node brick elements)
14 msueeuniuegiiiilvndanssd wazteduAuUY
Ussuvnwin (15 -node trlangular prisms) 1% “wmsu
maammmLwaﬂaqmﬂwwuﬂmummLm LanTury
pgiltilvudaaned mmuaunnmwmﬂuﬁm Taod
o a (‘5 a 4 a e‘d‘ 1
FnuednuAnua 228 auA lngleduuaiey
a A o Ao A I s g
vSnanaatneiuisiuun  esnntduusunla
AoLilaavaaTuUNY U “NUsE nEANM T samunin
v o/ 1 o/ & 1 g 'Q
Wi oAy 0.2 (Iyer, 1997) FaRumnazlig wunin
“ui veanyaddan aslu Figure 12 nead davgu (E)
a A o ' :’ 1w o 1
vodegiiiilendansenuazryad iy 70 GPa 8a1
theeaa(Poisson's ratio,U) 1wy 0.25 (Dechwayukul,
2003) TngdwnzvinazUnsasnadiaasuulauuy

Codeof Specimen  Number of Riveted-Pitch Type of Thickness
Rivet Adhesive of Adhesive

TJR-50.8-01-Exp 3 50.80 mm Rubber glue 0.11 mm
TJIR-50.8-02-Exp 3 50.80 mm Rubber glue 0.20 mm
TJR-50.8-03-Exp 3 50.80 mm Rubber glue 0.08 mm
TJIR-38.1-01-Exp 4 38.10 mm Rubber glue 0.09 mm
TJIR-38.1-02-Exp 4 38.10 mm Rubber glue 0.20 mm
TJIR-38.1-03-Exp 4 38.10 mm Rubber glue 0.15mm
TJR-30.16-01-Exp 5 30.16 mm Rubber glue 0.22 mm
TJR-30.16-02-Exp 5 30.16 mm Rubber glue 0.13mm
TJR-30.16-03-Exp 5 30.16 mm Rubber glue 0.07 mm
TJE-50.8-01-Exp 3 50.80 mm Epoxy 0.04 mm
TJE-50.8-02-Exp 3 50.80 mm Epoxy 0.08 mm
TJE-50.8-03-Exp 3 50.80 mm Epoxy 0.03mm
TJE-38.1-01-Exp 4 38.10 mm Epoxy 0.02 mm
TJE-38.1-02-Exp 4 38.10 mm Epoxy 0.07 mm
TJE-38.1-03-Exp 4 38.10 mm Epoxy 0.13mm
TJE-30.16-01-Exp 5 30.16 mm Epoxy 0.05 mm
TJE-30.16-02-Exp 5 30.16 mm Epoxy 0.12 mm
TJE-30.16-03-Exp 5 30.16 mm Epoxy 0.02 mm
TJF-50.8-01-Exp 3 50.80 mm Free bonding -
TJF-50.8-02-Exp 3 50.80 mm Free bonding -
TJF-50.8-03-Exp 3 50.80 mm Free bonding -
TJF-38.1-01-Exp 4 38.10 mm Free bonding -
TJF-38.1-02-Exp 4 38.10 mm Free bonding -
TJF-38.1-03-Exp 4 38.10 mm Free bonding -
TJF-30.16-01-Exp 5 30.16 mm Free bonding -
TJF-30.16-02-Exp 5 30.16 mm Free bonding -

TJF-30.16-03-Exp5

30.16 mm Free bonding -
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Table 4. Number of spring element

Contact area No. of linear springs
Normal direction  Shear direction
C1 293 586
Total for two- 293 586
standard rivet

Faver, Al 2117-T4

Fanel, A TOTETG

Figure 11. Schematic element of riveted lap
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Figure 12. Dimension and contact area of rivet

(Color figure can be viewed in the electronic version)
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Table 5. The adhesion of thin adhesive layer in
terms of modulus

Adhesive Elastic Modulus, E  Shear Modulus, G
(MPa) (MPa)

Rubber glue 1.128 0.154

ACT No. 354 H

Epoxy adhesive 23.147 9.385

Araldite Standard

4. msanmauls (parametric study)
wend vannNlFlumstaiaszndnemd i Ty
seufe  Wazszerviiasznilanyadn ezgaihuniiy
< ° a ¢ Ao
wasuluupudraesluluedumandumssuduniy
v v A = Y a £ v
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Table 6. All modeling of riveted lap joints

Adhesive Pitch distance (mm)
30.16 38.10 50.80 76.20
No adhesive
rubber glue © O O A
(E=1.128MPa,
G=0.154 MPa) O o o A
(adhesiveA
E=10 MPa,
G=3.84 MPa) JA\ A A A
xy adhesive
(E=23.147 MPa,
adhesive B

E=100 MPa,

(G=38.46 My A A A A

O Modeling
experiment

in comparison with the

Modeling to use parametric study (Do not
have the experiment)

WANUAYBITUNUNIUAGIlY Table 6
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Table 7. Averagevalue of % differencethe
experiment in comparison with
the modeling

Pitch distance  Average value of % Difference

smafunldnnuuudrassiiludiednud AUFE fo (mm)  no-adhesive rubber glue epoxy adhesive
] ] SEXP
mmsgadnuasuuadlannmsmeass 50.8 148%  221% 14.4 %
910 Figure 15 @9 23 anWufouiieusenig 38.1 63%  139% 15.6 %
nanlaannInaasvsanvuuuasdliludiediuud 30.16 5.2 % 8.8% 15.9 %
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Figure 15. The experiment in comparison with the modeling, riveted-pitch distance

as 50.8 mm (free bonding)

(Color figure can be viewed in the electronic version)
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Figure 16. The experiment in comparison with the modeling, riveted-
pitch distance as 50.8 mm (rubber glue)
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Figurel17. Theexperiment in comparison with themodeling, riveted-
pitch distance as 50.8 mm (epoxy adhesive)

(Color figure can be viewed in the electronic version)
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Figure 18. The experiment in comparison with the modeling, riveted-pitch
distance as 38.1 mm (free bonding)
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Figure 19. The experiment in comparison with the modeling, riveted-pitch
distance as 38.1 mm (rubber glue)

(Color figure can be viewed in the electronic version)
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Figure20. Theexperiment in comparison with the modeling, riveted-pitch distanceas

38.1 mm (epoxy adhesive)
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Figure 21. The experiment in comparison with the modeling, riveted-pitch distance as

30.16 mm (free bonding)
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Figure 23. The experiment in comparison with the modeling, riveted-pitch distance
as 30.16 mm (epoxy adhesive)
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(Color figure can be viewed in the electronic version)

Figure 24. Stress distribution near a hole in a riveted lap joint,
riveted-pitch distance as 50.8 mm (rubber glue)

Table 8. The stress concentration factor (SCF) of the modeling

Pitch distance (mm)

Adhesivein terms of Modulus 76.20 50.80 3810 30.16
SCF  SCF SCF  SCF
No adhesive 1216 830 648 541
rubber glue (E=1.128MPa, G=0.154 MPa) 1042 774 614 517
adhesive A (E=10 MPa, G=3.84 MPa) 353 349 334 318
epoxy adhesive (E=23.147 MPa, G=9.385 MPa) 219 168 1.99 1.88
adhesive B (E=100 M Pa, G=38.46 MPa) 135 141 143 145
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