
Study on fracture mode of spot weld joint using continuum damage mechanics model 

Background, Objectives of this study Proposal of analysis method 

Apply to the analysis of cross tension test on spot weld 

Influence of nugget diameter on fracture mode 

Influence of plate thickness on fracture mode 

Conclusions 
 In this study, a simplified ductile fracture evaluation method based on continuum damage mechanics was proposed. And the proposed method was applied to cross tension 
test on spot weld joints to investigate fracture modes. The following results were obtained.  

2) It is found that size of nugget diameter affect fracture mode, in the case of small nugget diameter, fracture mode is interface fracture, and in the case of large nugget 
diameter, fracture mode is plug fracture.  

3) Through the comparison of the fracture behavior, it was found that crack propagates into the nugget due to large stress triaxiality in the case of interface 
fracture. On the other hand, crack propagates along the outer periphery of the weld nugget due to the large equivalent plastic strain in case of plug fracture. 

1) It was shown that the fracture mode of the cross tension test on spot welding can be predicted by using the proposed method. 

自動車に使用される鋼材 

2017年以降1.2GPa以上の 

超ハイテン採用比率…約25％ 

1.2GPa 
780～980MPa+HS 
440～590MPa 

軟鋼 

日産自動車HPより 

◎車体の軽量化（約15%） 

◎衝突安全性の確保 

◎低コストで製造 

主にスポット溶接で接合 （自動車の組み立てにおける接合の9割） 

◎安価（1打点1円以下） 

◎工程時間が短い 

◎ひずみが少ない 

◎軽量化につながる 

【板強度と継手強度の関係】 

板強度(MPa) 

400 700 500 600 
0  

 
継

手
強

度
(k

N
) 

10 

20 

日産自動車HPより 

参考文献 

薄鋼板及びアルミニウム合金版の抵抗ス
ポット溶接（産報出版） 

Strength of spot weld joint may decrease on high tensile steel 
depending on the fracture mode 

Problems of 
spot welding joint 

問題点 

鋼材の種類により破断モードが変化 
（高張力鋼板のスポット溶接継手の強度が向上しない） 

Fracture mode of spot weld joint 

溶融部方向に進展 

Interface fracture 

   ・Proposal of analysis method to simulate ductile fracture 
   ・Prediction of the fracture mode of the spot weld joints 

Prediction of fracture mode is important  
to investigate the mechanism of changing fracture mode 
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ミーゼスの塑性ポテンシャル 

Ductile fracture is predicted by performing elastic-plastic analysis   

【Zoomed view of welded part】  

Plate thickness：t 

※Follow : JIS Z3137 
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ナゲット径と強度の関係（解析結果） 
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スポット溶接部の硬さ分布の変化 
ナゲット部 
熱影響部 1530℃以上 ナゲット 

熱影響部 800℃（変態点）以上1530℃以下 
参考文献「溶接技術第６２巻第３号」（産報出版） 

Progress of damage 
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(Ⅰ) Submicron 
voids generation 

(Ⅱ) Micro voids 
formation 

 (Ⅲ) Ductile 
cracking 
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Simplified crack propagation analysis method 
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 Large stress triaxiality ⇒ Interface fracture 
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硬さと強度の関係（解析結果） 

※寸法はJIS Z3137に従う 
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Analysis model and result 

Nugget diameter : d 

【Zoomed view of welded part】  

( 𝑑 = 3 𝑡, 4 𝑡, 5 𝑡 ) 
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Result of experiment 

Reference: SADASUE Teruki, TANIGUCHI Koichi, MORIKAGE Yasushi, IGI Satoshi, IKEDA 
Rinsei and ENDO Shigeru : Numerical study on fracture behavior of resistance spot 
welding for high strength steel sheets, Welding Society, Vol92, pp.166-167.  
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【Distribution of equivalent plastic strain】  

【Distribution of equivalent plastic strain】  
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Determination  of  element fracture 

Set up analysis model 

Add external force 

Elastic-plastic analysis 
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Fracture is evaluated from only  
stress triaxiality and equivalent plastic strain 

＜Spot welding joint＞ 

Damage model based on the observed damage process 

Change of fracture mode due to nugget diameter can be predicted 

Effect of plate thickness on fracture mode can be investigated 

Objectives 

Load-displacement curve in several plates thickness 
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Change of fracture mode due to plate thickness can be predicted 

Plate thickness : thin ⇒ Plug fracture, Plate thickness : thick ⇒ Interface fracture  

Reference : M.Ohata, T.Fukahori, F.Minami: Damage Model for Predicting the Effect of Steel Properties on Ductile Crack Growth Resistance, 

International Journal of Damage Mechanics, Vol. 19(2010), pp.441-459 
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