
Accepted Manuscript

Title: Stress intensity factor-based prediction of solidification
crack growth during welding of high strength steel

Authors: Zhanglan Chen, Yunfeng Xiong, Haijun Qiu,
Guozhen Lin, Zongmin Li

PII: S0924-0136(17)30430-2
DOI: http://dx.doi.org/10.1016/j.jmatprotec.2017.09.031
Reference: PROTEC 15408

To appear in: Journal of Materials Processing Technology

Received date: 25-3-2017
Revised date: 14-9-2017
Accepted date: 18-9-2017

Please cite this article as: Chen, Zhanglan, Xiong, Yunfeng, Qiu, Haijun, Lin, Guozhen,
Li, Zongmin, Stress intensity factor-based prediction of solidification crack growth
during welding of high strength steel.Journal of Materials Processing Technology
http://dx.doi.org/10.1016/j.jmatprotec.2017.09.031

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

http://dx.doi.org/10.1016/j.jmatprotec.2017.09.031
http://dx.doi.org/10.1016/j.jmatprotec.2017.09.031


1 

 

Stress intensity factor-based prediction of solidification crack growth during 

welding of high strength steel 

 

Zhanglan Chena , Yunfeng Xionga , Haijun Qiub , Guozhen Lina , Zongmin Lia  

 

a. School of Marine Engineering, Jimei University, Xiamen 361021, PR China;  

b. Institute of Welding Technology, Xiamen Shipbuilding Industry Co., LTD, Xiamen 361026, PR China 

 

Address for correspondence: Zhanglan CHEN, School of Marine Engineering, Jimei University, 

Xiamen 361021, PR China. Tel: (+86 592) 6181729, E-mail: zhanglanchen@jmu.edu.cn 

 

Abstract: A stress intensity factor (SIF)-based analysis was used to predict solidification crack growth patterns after 

welding. A coupled thermo-mechanical analysis was conducted to achieve the stresses induced by welding processes, 

which was used as the initial state in the SIF analysis. The SIF cracked model was established geometrically 

identical to an uncracked seam element in the thermo-mechanical analysis, based on the Lemaitre strain equivalence 

principle. Then the prediction of solidification crack growth employed the SIF solutions. The results show that 

propagation of longitudinal solidification cracks occurs in mode III (at high temperature), as validated by the 

non-equiaxial and elongated dimple-like crack profile of high-strength steel specimens. Simulations show that the 

longitudinal cracking switches to mode I as the temperature drops. Transverse orientations are naturally 

crack-resistant at high-temperature, however, they are prone to the open mode at low-temperature. The comparison of 

SIFs from different welding speeds shows that high-speed welding increases susceptibility to cracking in the open 

mode regardless of temperature.  
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1 Introduction 

Hot cracking, or solidification cracking, remains a challenge in fusion welding because it degrades welding 

productivity, quality, and material utilization - especially when working with high-strength and high-alloyed 

steels. The potential of in situ crack suppression technology to avoid degradation, has attracted considerable 

interest and requires a fundamental knowledge of cracking mechanisms (Li et al., 2014; Liu et al., 2015). In fact, 

solidification cracking is a highly complex phenomenon involving micro-cavities (or voids), inclusions, and the 

mechanics of crack initiation and growth (Cross and Coniglio, 2008).  

Askari and Das (2006) attributed solidification cracking to the metallurgy of the “mushy weld zone” during 

the last stage of solidification. Ahn et al. (2002) and Ye et al. (2015) investigated solidification cracks in 

Inconel718 welding, and found that Nb-enriched low-melting-point laves phases formed along grain boundaries 

mailto:zhanglanchen@jmu.edu.cn


Download English Version:

https://daneshyari.com/en/article/5017581

Download Persian Version:

https://daneshyari.com/article/5017581

Daneshyari.com

https://daneshyari.com/en/article/5017581
https://daneshyari.com/article/5017581
https://daneshyari.com

