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Finite Element Analysis on the Effect of the Surface Roughness on the
Tensile Properties of Pure Titanium
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Abstract
Titanium based implants are known to improve their osseointegration by controlling surface roughness from nanometers

to micrometers. Implants continuously and/or repeatedly receive irregular loads in the human body, and require a deeper

understanding of the tensile and fatigue properties that can determine the fracture characteristics of the materials. In this

study, the plastic deformation behavior which depends on the surface geometry of the materials during tensile tests was

analyzed using the finite element method. As a result, the tensile properties were greatly decreased with increasing the

sharpness of the surface. On the other hand, the average roughness had no significant effect on tensile properties. This

investigation shed a light on developing titanium implants with improved osseointegration by surface treatments.
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Fig. 1 Schematic of rough surface and definitions of (a)
arithmetic average roughness (R,) and (b)

kurtosis (Ry,) parameter
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Fig. 2 Engineering stress-strain curves of pure titanium
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Table 1 Surface roughness conditions analyzed in this

paper
S 1 R,/t ratio Parameters
amples
P (%) Ra (Hm) Rku (pm)
Initial 0 0 0
R1 1 2.5 1.8
R2 2 5 1.8
R4 4 10 1.8
Ry 10 2 5 10
Ry.,20 2 5 20
Riu30 2 5 30
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Fig. 3 (a) Simulated engineering stress-strain curves
and (b) ultimate tensile strength (UTS) and
yield strength (YS) values of the initial, R1, R2,
and R4 specimens
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Fig. 4 Stress distributions before and after the tensile test of (a) initial, (b) R1, (¢) R2, and (d) R4 specimens
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Fig. 7 Equivalent plastic strain distributions of the (a) Rkul0, (b) Rku20, and (¢) Rku30 specimens

Fig. 6 Stress distributions before and after the tensile tests of (a) initial, (b) Ry,10, (¢) Rx,20, and (d) Ry,30
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