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WELDING RESIDUAL STRESSES IN STEEL STRUCTURES

The purpose of the paper is to analyse the welding residual stresses in various
welding structures. The literature on residual stresses is broad (see [1-26], for in-
stance). In this paper the plug weld and circular path weld are discussed Plug welded
element made of low carbon steel is shown in Figure 1. The distribution of residual
stresses is shown in Figure 2.

In the weld and adjacent areas tensile stresses equal to the yield stress of the
material are observed both in radial and tangential directions.

In areas away from the weld, radial stresses o are tensile and tangential stresses
oo are compressive. Both stresses decreased as the distance from the weld increased.
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Fig. 1. Plug welded element
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Fig. 2. Distribution of residual stresses in a plug weld
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Patch weld which are used in repair jobs is shown in Figure 3. Consider a circu-
lar plate welded into a large plate with a circular hole. Since shrinkage of the inner
plate is restrained by the surrounding outer plate, high residual stresses are pro-
duced. The typical distribution of residual stresses in circular patch welds is shown
in Figure 3. The radial stresses o, and tangential stresses o are presented along the
diameter. High tensile residual stresses exist in the weld area. The maximum of
tangential stress is higher than the maximum radial stress. In the inner plate, radial
and tangential stresses are tensile and approximately equal.

Fig. 3. Residual stresses in a circular patch weld

Residual stresses in a path weld are produced primarily by shrinkage of the weld
metal in the direction parallel to the weld or in the circumferential direction and
shrinkage of the weld metal in the direction perpendicular to the weld or in the radial
direction.

Civil structures are often fabricated by welding. The typical distribution of resi-
dual stresses is shown in Figure 4.

First one shows residual stresses in a welded T-shape. High tensile residual stres-
ses parallel to the axis are observed in areas near the weld in sections away from the
end of the column. Stresses in the flange are tensile near the weld and compressive
away from the weld. The tensile stresses near the upper edge of the weld are due to
the longitudinal bending distortion caused by longitudinal shrinkage. Angular dis-
tortion is also observed.

The typical distribution of residual stress in an H-shape and a box shape are
shown in Figure 4.
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Fig. 4. Residual stresses in welded shapes
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Fig. 5. Residual stresses in a cylindrical tank



78 K. Wojsyk, M. Grzywinski, 1. Pokorska

The residual stresses shown are parallel to the axis. These are tensile in areas
near the welds and compressive in areas away from the weld. In Figure 5 residual
stresses in cylindrical tank are presented.

References

[1] Alpsten G.A., Tall L., Residual stresses in heavy welded shapes, Welding Journal 1970, 39(3),
Research Supplement, 93-105.

[2] Bentley K.P., Greenwood J.A., McKnowlson P., Bakes R.G., Temperature distributions in spot
welds, Brit. Weld. Journal 1963, 613-619.

[3] Brust F.W., Kanninen M.F., Analysis of residual stresses in girth welded type 304-stainless pipes,
ASME Journal of Materials in Energy Systems 1981, 3(3).

[4] Eager T.W., Tsai N.S., Temperature fields produced by traveling distributed heat sources, Weld-
ing Journal 1983, 62(12), 346-355.

[5] Hess W.F., Merrill L.L., Nippes E.F. Jr., Bunk A.P., The measurement of cooling rates associated
with arc welding and their application to the selection of optimum welding conditions, Welding
Journal 1943, 22 (9), Research Supplement, 377-422.

[6] Jeong S.K., Cho H.S., An analytical solution to predict the transient temperature distribution in
fillet arc welds, Welding Journal 1997, 76(6), 223-232.

[7] Jhaveri Pravin Moffatt W.G., Adams C.M. Jr., The effect of plate thickness and radiation on heat
flow in welding and cutting, Welding Journal 1962, 41(1), Research Supplement, 12-16.

[8] Kasuya T., Yurioka N., Prediction of welding thermal history by a comprehensive solution, Weld-
ing Journal 1993, 72(3), 107-115.

[9] Kawai T., A study on residual stresses and distortion in welded structures, Journal of the Japan
Welding Society 1964, 33(3), 314.

[10] Kawai T., Yoshimura N., A study on residual stresses and distortion in welded structures (Part
2), Journal of the Japan Welding Society 1965, 34(2), 214, and Part 3 1965, 34 (12), 215.

[11] Murray J.D., Welding of high yield point steels, Welding and Metal Fabrication 1966, 8.

[12] Nagaraja Rao N.R., Esatuar F.R., Tall L., Residual stresses in welded shapes, Welding Journal
1964, 43(7), Research Supplement, 295-306.

[13] Prokhorov N.N., Samotokhin S.S., Effect of artifical flowing off of Heat on processes of develop-
ing internal stresses and strain in welding, Avt. Proiz. 1977, 5, 63-69.

[14] Rabkin D.M., Temperature distribution through the weld pool in the automatic welding of alu-
minium, British Welding Journal 1959, 6(8), 132-137.

[15] Rosenthal D., Cambridge M., The theory of moving source of heat and its application to metal
treatments, Trans. ASME 1946, 68(11), 849-866.

[16] Rosenthal D., The theory of moving sources of heat and its application to metal treatments, ASME
Trans. 1946, 849-866.

[17] Rykalin N.N., Berechnung der Wéarmevorgénge beim Schweissen, Verlag Technik, Berlin 1957,
68-69.

[18] Rykalin N.N., Calculation of heat processes in welding, Lecture the presented before the American
Welding Society 1961, April.

[19] Rykalin N.N., Calculations of thermal processes in welding, Mashgiz, Moscow 1951.

[20] Stuzalec A., Theory of thermomechanical processes in welding, Springer, 2005.

[21] Sudnik W., Research into fusion welding technologies based on physical-mathematical models,
Welding & Cutting 1991, 43, E216-E217.

[22] Vogel L.E., Lyens J.V., Pumphrey W.I., Temperature and hardness distribution in welded
Al-4% Cu alloy sheet, Brit. Weld. Journal 1954, 252-259, June.



Welding residual stresses in steel structures 79

[23] Wayman S.M., Stout R.D., A study of factors effecting the strength and ductility of weld metal,
Welding Journal 1958, 5.

[24] Wilson W.M., Hao C.C., Residual stresses in welded structures, The Welding Journal 1974, 26(5),
Research Supplement, 295-320.

[25] Yang Y.P., Brust F.W., Welding-induced distortion control techniques in heavy industries, Sym-
posium on Weld Residual Stresses and Fracture 2000, ASME Pressure Vessels and Piping Con-
ference, Seatle, WA, USA, July 23-27 2000.

[26] Yoshida T., Abe T., Onoue H., Residual stresses in circular-patch-welds, Journal of the Society
of Naval Architects of Japan 1959, 105.

Abstract

The purpose of the paper is to analyze the welding residual stresses in various kinds of welding
structures. The paper has a review character.

Streszczenie

Celem pracy jest analiza napre¢zen spawalniczych w réznego rodzaju konstrukcjach spawanych.
Praca ma charakter przegladowy.



