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Analysis of Residual Stresses in Hot-Rolled H-shapes

Synopsis:

Takashi KUSARABE and Yutaka MIHARA

The generating mechanism of residual stresses in hot rolled H-shapes is studies to estimate the
magnitude of residual stresses through numerical methods. A method for computation of the internal
stresses from the temperature distribution throughout the cooling process is reported. The following

results are obtained.

(1) The magnitude and the distribution of residual stresses are estimated through a simplified two-
dimensional model using the finite difference methods. The computed distributions of temperature
during cooling and the residual stresses agree well with the experimental results.

(2) The principal cause for the formation of residual stresses is the large temperature difference
between the flanges and the web during cooling. The maximum amount of difference (T3-T5) max.
between the temperature at the flange-center and the web-center during cooling is the main factor to

decide the magnitude of residual stresses.

(3) Shapes geometry has a large effects on magnitude of residual stresses. When the shape is geo-
metrically similar, the larger shape has larger residual stresses. When the width and height is the
same, the H-shapes with smaller ¢,/f, has larger residual stresses. t,/t, is the ratio of thickness of web

(t,) and that of flange (Z,).

(4) The effects of initial temperature difference (T,-T;) on the residual stresses is very large.
When the initial temperature difference is large, the residual stresses becomes large.
However, the level of initial temperatures has little effects on residual stresses when teh temperature

difference is fixed.
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Fig. 1. Dependence-on-temperature of heat condu-
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used in the computations,
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Fig. 2. Dependence-on-temperature of specific heat.
Solid curve represents the relationship used
in the computations.
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Fig. 3. Dependence-on-temperature of heat transfer.
Solid curve represents the relationship used
in the computations.
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4. Dependence-on-temperature of Coeflicient
of linear expansion. Upper and lower bonds
for test data of steel found in a literature
survey are indicated with dashed curves in
the diagram. Solid curve represents the
relationship used in the computations.
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Fig. 6. Dependence-on-temperature of Youngs mo-
dulus. Upper and lower bonds for test data of
steel found in a literature survey are indica-
ted with dashed curves in the diagram.
Solid curve represents the relationship used
in the computations.
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[E‘I 16 SUBROUTINE [STRESS ANALYSIS STRS (1, J, KP) ]
NO 17 IF K 4 INTEGER?
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Fig. 7. Short flow diagram of the computer program
for temperature and stress analysis (IAD
methods).
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Fig. 9. Variation of temperature difierence (77~
T,) during natural cooling of a wide
flange beam from uniform temperature

1 000°C.
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Fig. 10. Residual stress distribution in a 912X
302x1/34 wide flange beam.
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Table 1. Residuai stress and maximum temperature
difference after cooling from a 1000°C
uniform temperature.

Residal [Maximumre

Syrppd : stress in | temperatu

bpg;%e)n size ty~t, | the web | difference
center (Ty-T,)

- |(kg/mm?) | (°C)

912 % 302 x 18/34 0.528 | —13.0 145
400x400x 13/21 . 0.620 —18.0 95
200x200%x6.5/10.5 | 0.620 —13.0 63
200 200 8/15 0.533 —16.1 78
498 x 432 x 45770 0.644 — 9.6 56
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Fig. 11. Calculated residual stress distribution in

: the 498<432x45/70 Jumbo H-beam
cooled from uniform temperature 1000
°C: the value shown in the Fig. are
average across thickness.
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Fig. 12. Computed two-dimensional residual stress
distribution in Jumbo H (498 X 432 x 45/70)
cooled from temperature 1000°C..-natural
cooling.
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Fig. 13. Temperature difierence (T-7"3) of 912X
302 x 18/34 wide flange beams cooled from
difierent temperature.
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Fig. 14. Residual stress distribution cooled from
different temperature.

14w bE 3 r— 2 OBAIETHERBIETI AL R
T. ve—7, 77 VCORRBIGINME, WHNREE
O NEE, BEIBHEZNEL I Tw5. I hic
WHRE OBEXRBIG B 2 &L R 5 e
@%ﬁﬁ%%2%%3~%cb,O%@Sv—xkom
CEVE RGO, (1)UF=930°C UW=730°C

(2) UF=870°C UW=670°C (3) UF=820°C
UW =620°C

CDBE, Hr—AEd, BETDH (T1-ThHmaxlllL
3 rel, RECRETHREIGHECE R erDrk.
Th@z, =OBREORER T, IHREORED,
HEVREGIHECHEEYE LI bDEEZ BRS.

PRSI EE Hi8 e R4 3 % B RIS 77 7 4 1%
B, FHHEER IOHEBEC O TRNTE LD, £
DRSO E DFIF DT

(1) HBfifbshk2hrmET 2R, BHBEY
YIiV—v g VEHERFTI LRI OT, BRIRICRE
THRAIZTFHELS 5.

(2) BEGHFERELEOFERI, BHPRERETIER
ERE—ThHb, w73 vorhRgRE T, &, ¥
= — 7RRIRREDE (T1-Ts) OBRKEI BREIGTTE
RETHREERF LD TS.

(3) BEEHcE2 5HBROFEIKEL, ti/ts 1
BLWEE, v 7RIDVECRFOHEHEIZ L, X
BN INEETS. ¥ VUE, v a— 7
INBUGEE, L/t O/NIWHKZ IBRAIL I 5
k5.

(4) BHEBHCY =—7E775 vORIcBEEMN

— 97 _



1382 Gk X M 65 4 (1979) %9

BB, TOREEOREZHIEBEIGT Hi1: & =
o L L, BEENELL, #ERHEDS 900~700°C (»
7 Vo) ORI CIERBISIECITEIT .

Db, BEIETIOREC DT, FOEENS X S
IR, SHBRIASREDIE, Kk B LIOBH
I DEBI O THRHN T 2LERS 5.

'8 Bk

1) BTFHEMR, =K & B@uhnLyvyHEova
(1972), p. 61

2) N. G. Bocagov, M. V. Gurnik, and Ya. S.
GaLrar Stal’, (1972), p. 1016

3) J. B. LEaN, Trans. ISIJ, 11(1971), p. 733

4)
5)

6)
7)
8)

9)

BHT#%, =K £: g, 65(1979), p.1383
Bl s, W [A#%T](1964), p. 30
[FEEE]

" L, p. 43

G.D = 31z2%, BINE—R [ETEEBCX2
w0 mk] (1971), p. 155 [y =v
A #t]

&R owEERCET 28R B AR
SEEMRERMTEELAER (1970)

“Physical constants of same comercial

steels at elevated temperature” (1979) p. 1953
[Butterwarths scientic publication] (1953)

— 98 —

[« N



