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1. INTRODUCTION 
      The interlayer thickness is highly responsible for the 

development of singular stress field near the vertex and 

along the interface edge for which the joint may fail. So it 

is necessary to investigate the effect of interlayer 

thickness on the performance of three-layered bonded 

joint. In the three-layered bonded joint SiC is used as 

upper material, Resin as interlayer and SiN as lower 

material. This model has better electromechanical 

properties than silicon chip [1]. 

Benzley developed a finite element method with 

generalized quadrilateral element having singular point 

close to corner point [2]. Stephane, Pageau, Sherrill and 

Biggers developed a method to evaluate order of stress 

singularity, stress and displacement field around singular 

point of anisotropic body [3]. Qian and Akisanya 

analyzed distribution of stress at the corner of interface 

edge of tri-material joint subjected to uniform variation 

of temperature [4]. Banks-Sills and Sherer investigated 

stress intensity factor in case of biomaterial v-notch [5]. 

Prukvilailert and Koguchi analyzed singular stress field 

surrounding singular point in 3D dissimilar materials 

joint [6]. Goglio and Rosstto investigated geometrical 

effect on the singular stress field close to interface edge 

of bonded joint [7]. Koguchi and Nakajima investigated 

the effect of interlayer thickness of three-layered bonded 

joint on stress singularity [8]. Koguchi and Kimura 

analyzed singular stress field close to small crack in 3D 

bonded joint subjected to tensile load [9]. 

In this research work, the interlayer thickness is varied to 

analyze its effect on the propagation of singular stress 

field near the vertex and along the interface edge through 

Finite Element Method (FEM) using ABAQUS 6.14 

software. 
 

2. GOVERNING EQUATIONS  
     The present model consists of isotropic materials. In 

ABAQUS 6.14 software stress component are 

determined in Cartesian coordinate. The relation between 

stress and strain in Cartesian coordinate is given below 

[10]: 
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The stress components are transformed from Cartesian to 

Spherical coordinate as below.  
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The stress tensor in Cartesian coordinate is 
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The stress tensor in spherical coordinate can be 

represented as 
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The relation between stress tensor in Cartesian and 

Spherical coordinate is given as 
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Finally, the fundamental relation between stress and 

strain in Spherical coordinate is given below: 
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  3. Model of analysis   
     The present model consists of SiC in the upper portion, 

Resin as interlayer and SiN in the lower portion. Due to 

symmetry, quarter of the model is analyzed to reduce 

computational time and cost. The lower surface is kept 

fixed in space and 1 MPa distributed load is applied on 

the upper surface. Then interlayer thickness resin is 

varied from 0.1 to 8mm (0.1, 0.5, 1, 2, 3, 5, 8 mm) to 

analyze its effect on stress distribution near the vertex 

and along the interface edge. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1: Model for Finite Element Method analysis 

         

         Fig.2: Mesh model              Fig.3: Mesh on x-z plane 

In this analysis, linear hexagonal element is used to 

generate mesh within model. Fine mesh is used near the 

vertex and along the interface edge. 

Table 1: Property of isotropic materials 

 SiC Resin SiN 

Young’s Modulus, E GPa 450 2 295 

Poisson’s Ratio, v 0.22 0.39 0.22 

 

4. VERIFICATION OF PRESENT ANALYSIS 
    For interlayer thickness 5 mm, the number of element 

is varied from 48 thousands to 0.6 million. But stress 

does not vary when the number of element is 0.5 million 

or above. Results are taken with approximately 0.5 

million elements. 
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Table 2: Comparison of stress   at 36   for 

different element number 

No. of element Stress  , MPa 

48 thousands 2.0800 

0.3 million 1.9611 

0.5 million 1.9433 

0.6 million 1.9433 

In this research work, Finite Element method result is 

compared with a journal paper  working on Boundary 

Element Method for the distribution of normal 

stress  against dimensionless distance /r t with 

maximum error of 0.88% [8]. The minimum and 

maximum element sizes are 0.0001mm and 1mm 

respectively with 2326581 elements. 

Table 3: Comparison of present work and paper work 

Dimensionless 

distance r/t 

Stress in paper 

work, MPa 

Stress in present 

work, MPa 

Error 

(%) 

0.004 1.8900 1.8800 0.5291 

0.005 1.8100 1.8005 0.5249 

0.030 1.2587 1.2477 0.8739 

0.040 1.1900 1.1883 0.1429 

0.046 1.1663 1.1600 0.5402 

0.051 1.1463 1.1400 0.5496 

0.600 0.9600 0.9560 0.4167 

0.800 0.9600 0.9569 0.3229 

 

5. RESULT AND DISCUSSION 
    In the present analysis, the interlayer thickness is 

varied to analyze its effect on the propagation of singular 

stress field near the vertex and along the interface edge 

using ABAQUS 6.14 software and the result are 

presented a follow. 

 

5.1 Maps of stress for t = 8 mm  

   Figures 4 to 9 represent the distribution of stress
ij  

against radial distance r and angle  at both interfaces. 

The figures show that large stress develops near the 

vertex and along the interface edge than other regions. So 

there is high probability of the joint to fail near the vertex 

and along the interface edge. 

 

Fig.4: Distribution of stress  against radial 

distance r and angle at SiC-Resin interface 

 

Fig.5: Distribution of stress r against radial 

distance r and angle at SiC-Resin interface 

 

Fig. 6: Distribution of stress  against radial 

distance r and angle at SiC-Resin interface 

 

Fig. 7: Distribution of stress  against radial 

distance r and angle at Resin-SiN interface 

 

Fig. 8: Distribution of stress r against radial 

distance r and angle at Resin-SiN interface 
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Fig.9: Distribution of stress  against radial 

distance r and angle at Resin-SiN interface 

5.2 Variation of stress
ij against radial 

distance r for various interlayer thicknesses  
     Figures 10 to 15 show the distribution of 

stress
ij against radial distance r for various interlayer 

thicknesses. It is clear from the figures that stress 

increases with the increase in interlayer thickness and so 

probability of failure increases. 

 

Fig. 10: Distribution of stress   against radial 

distance r for various interlayer thicknesses at SiC-Resin 

interface 

 

Fig. 11: Distribution of stress r  against radial 

distance r for various interlayer thicknesses SiC-Resin 

interface 

 

Fig. 12: Distribution of stress   against radial 

distance r for various interlayer thickness SiC-Resin 

interface 

 

Fig. 13: Distribution of stress   against radial 

distance r for various interlayer thicknesses at Resin-SiN 

interface 

 

Fig. 14: Distribution of stress r  against radial 

distance r for various interlayer thicknesses Resin-SiN 

interface 

 

Fig. 15: Distribution of stress   against radial 

distance r for various interlayer thicknesses Resin-SiN 

interface 

5.3 Variation of stress
ij against angle  for 

various interlayer thicknesses 

Figures 16 to 21 illustrate the distribution of 

stress
ij against angle  for various interlayer 

thicknesses. The figures notice that large stress develops 

at thick interlayer which has high probability to 

delaminate. 

 

Fig. 16: Distribution of stress  against angle for 

various interlayer thicknesses at SiC-Resin interface 



 

© ICMERE2019 

 

Fig. 17: Distribution of stress r against angle for 

various interlayer thicknesses at SiC-Resin interface 

 

Fig. 18: Distribution of stress  against angle for 

various interlayer thicknesses at SiC-Resin interface 

 

 

Fig. 19: Distribution of stress  against angle for 

various interlayer thicknesses at Resin-SiN interface 

 

Fig. 20: Distribution of stress r against angle for 

various interlayer thicknesses at Resin-SiN interface 

 

Fig. 21: Distribution of stress  against angle for 

various interlayer thicknesses at SiC-Resin interface 

5.4 Variation of stress
ij against angle  for 

various interlayer thicknesses 

      Figures 22 to 27 represent the distribution of 

stress
ij against angle  for various interlayer 

thicknesses. The figures show that the stress developed at 

thick interlayer is larger than that in thin interlayer. So a 

thick interlayer has higher probability to fail than a thin 

interlayer. 

 

Fig. 22: Distribution of stress  against angle for 

various interlayer thicknesses at SiC-Resin interface 

 

Fig. 23: Distribution of stress r against angle for 

various interlayer thicknesses at SiC-Resin interface 

 

Fig. 24: Distribution of stress  against angle for 

various interlayer thicknesses at SiC-Resin interface 

 

Fig. 25: Distribution of stress  against angle for 

various interlayer thicknesses at Resin-SiN interface 
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Fig. 26: Distribution of stress r against angle for 

various interlayer thicknesses at Resin-SiN interface 

 

Fig. 27: Distribution of stress  against angle for 

various interlayer thicknesses at Resin-SiN interface 

6. Conclusion 
    The lower surface of the model was kept fixed and       

1 MPa tensile load is applied on the upper surface. Then 

the stress distribution near the vertex and along the 

interface edge was analyzed. Finally the interlayer 

thickness was varied to analyze its effect on stress 

distribution. The following conclusions can be made 

based on the numerical results of the analysis: 

    (i) Maximum stress develops near the vertex and along 

the interface edge for which the joint may debond. 

    (ii) Large stress development near the vertex and along 

the interface edge can be prevented by rounding or 

filleting shape. 

    (iii) Interlayer thickness should be as thinner as 

possible, because large stress develops at thick interlayer. 
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8. NOMENCLATURE 

Symbol Meaning Unit 

u  Displacement, mm (mm) 

  
  
E 
  

 

 

 
r 

t 

Strain  

Stress 

Young modulus 

Poisson ratio 

 

Angle 

Angle 

Distance from origin 

Interlayer thickness 

(mm/mm) 

(MPa) 

(MPa) 

Dimentio-

nless 

(Degree) 

(Degree) 

(mm) 

(mm) 

 

 


