
Crack Behaviour At Residual Stress Field Of Fillet 
Welds In Ship Structures

References
[1] Liljedahl, C. D. M. et al. (2010) ‘The effect of weld residual stresses and their re-distribution with crack growth during fatigue under constant amplitude loading’, International Journal of Fatigue, 32(4), pp. 735–743. doi: 10.1016/j.ijfatigue.2009.10.012.
[2] Barsoum, Z. and Barsoum, I. (2009) ‘Residual stress effects on fatigue life of welded structures using LEFM’, Engineering Failure Analysis, 16(1), pp. 449–467. doi: 10.1016/j.engfailanal.2008.06.017.
[3] Fricke, W. (2005) ‘Effects of residual stresses on the fatigue behaviour of welded steel structures’, Materialwissenschaft und Werkstofftechnik, 36(11), pp. 642–649. doi: 10.1002/mawe.200500933.

[4] Glinka, G. (1979) ‘Effect of Residual Stresses on Fatigue Crack Growth in Steel Weldments Under Constant and Variable Amplitude Loads.’, ASTM Special Technical Publication, (677), pp. 198–214. doi: 10.1520/stp34914s.

[5] Hensel, J., Nitschke-Pagel, T. and Dilger, K. (2014a) ‘On the effects of austenite phase transformation on welding residual stresses in non-load carrying longitudinal welds’, Welding in the World, 59(2), pp. 179–190. doi: 10.1007/s40194-014-0190-3.

[6] Roncallo, J. B. (2009) ‘Guidelines for Hull Condition Assessment Applicable to Single Skin Bulk Carriers on International Trade’, (February 2017).

[7] Hicks, J. (2001) ‘Welded design’, Welded design. doi: 10.1533/9781855737624

[8] Nitschke-Pagel, T. and Wohlfahrt, H. (2002) ‘Residual stresses in welded joints - Sources and consequences’, Materials Science Forum, 404–407, pp. 215–226. doi: 10.4028/www.scientific.net/msf.404-407.215.

Anurag Niranjan1,2

Prof. M.E.Fitzpatrick1, Dr Niall Smyth1, Dr Yin Jin Janin2, Dr Jazeel Chukkan2, 

Dr Yikun Wang3, Dr Li Xu3

1Coventry University, Faculty of Engineering, Environment and Computing, Elm Bank, Mile Lane, Coventry CV1 2LQ;
2NSIRC, TWI Ltd, Granta Park, Great Abington, Cambridge CB21 6AL;

3Lloyd’s Register (Marine)

Motivation
1.Limited literature on the residual stress

re-distribution at the toe of a fillet weld
under cyclic load.

2.The conservative assumption during the 
structure integrity assessment can lead 
to over-conservative fatigue life 
predictions.

3.Fatigue cracks can initiate at a weld toe
due to the stress concentration effect.
Cracks may grow and reach critical size
and lead to failures.

Why Study RS Effect?

Welding residual stresses affect fatigue crack
growth by modifying /redistributing the crack
tip stress field. Tensile residual stress (+σRS) at
the crack tip, reduces fatigue life. Although
welding residual stresses will be relaxed to a
certain extent (initial loading cycle), it
actually redistributes as crack propagates,
therefore affecting the crack growth rate.

The fillet weld
considered here
connects the flange and
the web of the
longitudinal stiffener
with a line of weld
metal on both the sides.
This common practice is
not intended to create a
full penetration joint.

Residual stresses in ferritic steel weld is
basically the sum of thermal and
transformation stresses that develop as a
result of welding. The weld area is
plastically hot-compressed and, after
cooling down, it contracts relative to the
surrounding area. It exhibits tensile
residual stresses, whereas the surrounding
area exhibits compressive residual stresses.
Residual stresses are expected to be
redistributed in the region of crack
propagation.

Methods to study crack behaviour at RS Field
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