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The Effects of Surface Roughness and Bond Thickness on the
Fatigue Life of Adhesively Bonded Tubular Single Lap Joints
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Abstract

Since the surface roughness of adherends affects much the strength of adhesivelybonded joints, the effect
of surface roughness on the fatigue life of adhesively bonded tubular single lap joints was investigated
analytically and experimentally by fatigue torsion test. The stiffness of the interfacial layer between adherends
and adhesive was modeled as a normal statistical distribution function of surface roughness of adherends.
From the investigation, it was found that the optimum surface roughness of adherends for the fatigue strength
of tubular single lap joints was dependent on bondthickness and applied load.
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Table 1 Material data of the epoxy adesive and the steel
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Table 2 Dimensions of the adhesively bonded tubular
single lap joint

15 (mm) 8.5
Iy (mm) 10.5
Iy; (mm) 3.0
Ty (mm) 8.4
L (mm) 15.0
7 (mm) 0.1

adherend
Adhesive Adherend
(TPCO 9923) (Steel)
Young’s modulus (GPa) 2.50 210
Posson’s ratio 0.45 0.30
Tensile strength (MPa) 42.0 350
Shear strength (MPa) 29.5 200
C.TE. a (1/°C) 72x10° 11.7x10°
Cure temperature (°C) 80.0 -
Cure time (hour) 3 -

0= 11.5mm

Center fine

Quter
adherend

inner adherend

Fig. 1 Configuration of the adhesively bonded tubular
single lap joint specimen

Table 3 Surface roughness of steel w.r.t. mesh number
of sandpaper

Mesh(#) 220 150 80 60 40

R,(pm) 056 083 1.8 153 2.08
Rpe (um) 549 778 1123 1409 19.15
R (um) 073 107 154 205 275

S (um) 32 37 46 59 81
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100 um

Fig. 2 Surface profile of the adherend surface abraded
by 80 mesh sandpaper
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adherends and bond thickness when the average adhesive shear stress T is equal to 4.0 MPa
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Fig. 7 Calculated adhesive Von Mises equivalent
stresses (MPa) at the end of the adhesive layer
w.r.t. arithmetic surface roughness of adherends
and bond thickness, when the average adhesive
shear stresses T, is equal to
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Fig. 8 Optimal bond thickness and arithmetic surface
roughness w.r.t. average shear stress when the
temperature difference AT between cure and

environment is 60°C
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Fig. 9 Torsional fatigue life of adhesively bonded
tubular joints versus arithmetic surface
roughness of adherends, when the adhesive
thickness is 0.1 mm and the temperature
difference AT between cure and environment is
60°C
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