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Effect of Residual Stresses in H-shapes on the Performances

Synopsis:

Takashi KUSAKABE and Yutaka MIHARA

In hot rolled H-shapes residual stresses are generated during cooling due to the different cooling
rate between the web and flanges. The residual stresses in beams and colums are reported to have
bad effects on the performances of beams. In this paper the following effects of residual stresses in H-

shapes are studied.

(1) Cracking on flame-cutting (Initiation and propagation of brittle cracks in web after flame-

cutting)

(2) Deflection of T-shaped beams cut from H-shapes

(3) Deterioration of bending performance

It is found that the residual stresses give bad effects on the items mentioned above. However, the
beams in which the residual stresses are reduced by the forced cooling on flange are improved in these

performances.

(a) Deflection of T-shapes becomes very small on cutting H-shapes along web center
(b) Bending performance becomes similar to that of the ideal H-beams which have no residual

stresses

It also becomes clear that the initiation of micro-cracks can not be prevented on flame-cutting,
even if a small magnitude of residual stresses exists. The micro-cracks, however, do not propagate

when the residual stresses are small.
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Table 1. Chemical composition of specimens.

material C Si Mn P S Nb |Sol. Al

SM50 0.20 | 0.40 | 1.40 | 0.0190.02 tr ]10.031
SM50Y {0.20 | 0.15 | 1.12 {0.015{0.019 | 0.03 | 0.042
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Fig. 1. Measured strain generated due to residual
stresses on flame cutting,
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Photo. 1. (a) Photograph of macro structure near
micro crack - X8

(b) Photograph of gas flame cutting
section at the web X1
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Table 2. Initiation of micro cracks on flame cutting
and the residual stresses at web center.

specimen heat residual stress micro

No. material | treatment | at web center ow crack
R—1 | SM50 as roll —27.0Kg/mm? | @ exist

"R=2 SM50Y " —33.0 ® exist
R—3 " " —25.3 ® exist
S—1 SM50 SR — 5.5 O non
S—2 " " —11.0 ® exist
S—3 SM50Y n — 8.4 ® exist
S—4 ] n —10.2 @ exist
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Fig. 3. Schematic view of bending on cut-T.

BEF OB D DD BB L5l L, F0onb, B
WRINE e X D BIET D HERY LT 5.

Lasl, ZTOHETITHGE L 2D, BRI
MbEL 5. ¥, FEBICEEFRINSBIC X 2 BT
BHRKC L D285 L3757, MEMCHEIEL S
BHEZ AL, WA OFE Ui HSH O BN S ¥
s, ZOBHITEY » P44 CTRH 25
EBTHREBYDY, boEBEL YT, FHRETHA
BELTHE1DTHSD. T CTUTO L 5 a3
HEOWBE, REISHGEDELTH Y » FHicounT
T L.

3-1 MO REOEBICDONT

THICH v b L8, Fig.3 i3 x5 felini v %
ETBBHERL, ChEEod rhs ki s—
AV IR CHOBE L XoRIENL, 79 v
CECEERY, v — FTECERKESD. THY y 1
DEA Y HY Fig. 3 L HEOBEEIE, PRI b
RHELied. . C0EZHCHESE, THI y F Lk X
DHIA H Bd HIMOBRBIE N4 X v 518 Lo T,
T OB EER O, TOHEORLYUER TS b
SEVHE & Fele U,

3:-1-1 R DfER G X B0 EE (THD o b

U 7BR)

WETES » b Lck ERBET5BY ¢ (xy) Fi
HHEEY e L L, T o + LD bofRyEo HE
2w o, P8 LOEEESY () 3hul

(1) EH20aw [eln)dd=0 (1)

(2) %_xvr@%b%vuﬁEWJMOM&w
. e (2)
(3) MTLFEOMR &@ﬁ-a@ﬁ}
—e=7(9)/p NN €D
ttb,%mHW%®@ﬁ§Q§
D3DDORBILT 5. h b 3RELEETT,

e:_%{%fv(y)dA+fs.,(x,y)dA}

=— jl £0(%,9)dA e (4)

7272, AV, WiERH
(fasmnn()da= [{ feotw 2)da) gaa)

® |~

jﬂyﬁu
=(5)
=77, ()R, (4h&%(3HMLﬁA@%wie@J)
BRDBIS.
s(x,y)=n(y)/p+s+eo(x,y) (6)

—75, WMEIHVRFHFAEHcET 28 Q) »

RDBIS.
h(l)=1/p2_(L/2 | 1)2__1/‘02_ (L]2)z - (7)

CCTCL:TH»y b HMOEE, | : TH, +HO
MR L b DR

DEDHERIC X Y TH S » M OWIE Y B2 g T
KRB L, £2RTOHBM BT 2 0BG %4
HE, TH » b LObOllinih B2 HE L bhRD
bhs.

Z DR, BTFIEMI X 7o, Fig.4 1oz
DEZDFFE 7 v — - 74— P ERT. ok, #rog
DIHFEEBHIz>Tk, HREZYM 5854, ZHixT
NTHENACY) v27 - RN, sFRShD &L, Wik

G

READ INPUT DATA Onumber of meshes of the cross section, mesh distance,
mesh position. Oshape Othermal and mechanical coeff.

!

| WRITE INPUT DATA

1

Compute the Position of neutral axis TUTEN

]

Compute the Moment of Inertia XINERT

-,lﬂAD initial residual stress in H—sectioneo (x, ¥)

I
[ WRITE nitial residual stress
!

Calculate average residual
stress across thickness

Correction of residual stress ¢

R'=*El =—feo (x,y)dA/A

I

Calculation of warping
= Up.=~[feo &y) dA~f{fzo (x,y) dA}7dA/AY/ 1

1

Calculation of deflection DELTA

= [p ==~ [o (LD

NO/ R> KMAX,

YES!

Fig. 4. Diagram of the computer program for
bending of cut-T beam.
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calculation | measurment k p)hZJ. LTCﬁiOT’ %@HEZ); DE&%}‘EP: XL b ;kbb

/ 1| 76mm | 6.8mm LHE, WEHRCO e lBgae s, FOFHHE

: 1234567891011 2| 12.3 11.8 %Fﬂh\f:%ép:\ob\vcﬁﬁjﬁmlﬁ}ﬁgb%k:%lki?%go
;f;p(,m:*‘::’“‘“‘ velee oo o EREEIC L ) DT LB S D, FOREFA Fig.
= Longih S 6 1R, R bbb X 51, C OMBEDEID 5L s
/;r“H”*\\\ 7| 201 19.9 TeIEN S BREDETHVERTES. ZOBEEITH
8| 18.7 18 2 N BN T A e — 2 ViR LB DT, T

Measured value ol o o BERITOTY, Chick HETHERIA T DT

| 7. 6.2 5. fok, okt s Case | (3F)HIEE UF=870

Fig. 5. Gomparison of calculated and measured
warping on Cut-T using the calculated
and measured residual stress in H-beam,
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2%, EAECECEEE T84, (V= — TRABRY
Mad) —20kg/mm? FLE{H) . Case 3 1%, 7 5 v oAy
HLOSHEBERIZWSLDLEEBETHS. (V=—7&
KERBIGT +3lkg/mm? FEE). M2 0 EKRE
o, Case 3 13w = —7 & 75 v 2 ORYEILN
DEE LI CTh D, ZoE Case 1, 2 Lz,
2ERDTIHA » PO D X 5 clin TS
R LA, TNy 1 RO HEC s\ CTREBIG
TIDHET A EAL S Y, COHEMETHS » r Lk
L%, Case 3 LEEOMMNY FiaTH bbb, %
to, B D OHHEIL Y = — 7 DR OBRE IS TIEDOK
XXHELTHObRD. LEnoT, ZhbOE
BRRELTHRBLE, TH Iy P Lick EOMA D 2HE
THRTE, PrlcT ARG IO E— 2 v FTH
BEWHIEZFNPIELWZ LA RTLDTHS. ok,

case 1 case 2 case 3
distributed | distributed| distributed
CASE 1 average average average average
distributed | 1 10.8 mm| 8.0 mm| — 7.8 mm
1stribute 11.3 8.3 ~ 8.0
2 19.7 13.0 —15.7
20.6 13. —16.1
3 26.7 6.9 7 —21.8
27.8 . —22
i 2 3 4 5 6 7 8 9 10 11 4 31 7 19.7 —26.3 5
10 33.0 20.7 -27
~tm—s  [10m average 5 | 34.7 nz w0
CASE 2 > bistributed 35.9 3.2 1.7 1 —30.0 8
6 37.3 22, -30.8
7 35.0 20.9 —29.3
. . ’ 36.5 22.1 —30.1
1 2 3 4 5 6 7 8 9 1011 8322 19.1 —26.9
1 2 3 4 5 6 7 8 9 1011 33.6 20.1 —27.6
T T LA d 9 7.5 16.0 —-22.7
28.7 16.9 —23
CASE 3 10 20.9 1.7 11.8 12. —16.9 13
average 1]12:3 6.5 - 9.3
distributed 1 12.8 6.9 - 9.5

Case 1 Using the calculated residual stresses developed in cooling from
- UF=870°C and UW=670°C.
Case 2 Using the calculated residual stresses having distribution
similar to measured one,
Case 3 Using the calculated residual stresses developed in forced cooling on flange.
Fig. 6. Comparison of the culculated warping on cut-T from H section having the residual
stress distribution and the average one accross thickness in-H-beam.
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Fig. 7. Residual stress distribution after cutting
hot-rolled H-section to T-section.
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BISE— DY FETR LT 50, L OMKMELY = — 7
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Z.ISMI/—\
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51, BEIGIOMHOEIEI P& EL, BREIET
ST ST D BAVNEL BT ERBY, T
LMBOBE TS » b Lk TOMWA DX E6mD A
izt L 3.5mm Thote. (SEHlfE)

4. HWEWMME UTOERMEE

KO HILEM IR S X O8M & LTHV B DBED
4 SR E UGB IS, Bb & Uil e o>
HIgR O F AR IRET 5. Fhdx, chbotkhl
BEM LT EMEERTNBD, BRI bR
R L, BEESARIITLTWASY. I TERE ol
MEEHR L, BYLINGCHCEER S IFL TS50
SEEN L BEr L o RE L.

4-1 HFHETRR

SR BA AL SM50Y A, 912x302x 18/34% F\s,
300 t SRR 2B L Fig. 10 wRTX51, #
o 2 ISR ERML, CoMoZiMFEy 5 5 KEE
SHEA R AL L, B AR XOFRCIIEEAST 7 7
AU L. %, BEAMEO Y = — THER L
WL porr, RBRENHHR Y V- s0FicEy, RE
FHEnctzibis X S Uiz, |

W E T AL e — TRk E, THEIT R OEMDH
Fahiwn X o Ule. REBERHE, BMHRoT7J
VoD 20kg/mm?, 32kg/mm?, 42kg/mm?,
LA ET 10~20t BEXEEM L, BOBODIRIITC
oo LD 3 ARE Skg/mm2 isb ¥ THEL, &
ST % lE L. RBED b &R EMT 2 Z T 5K
Blodd s, SIO2 rioRMETEA Y- r¥-v

Natt{ral H =750 , H=230 H = 30

cooling | 2.18 MIN | 8.0 MIN
1] 12.3™  7.8™| —077 | — 7.82
21 209 13.0 —1.40 | —15.68
30 27.6 16.9 —1.90 | —21.84
4| 32.2 19.6 —2.25 | —26.28
51 35.4 21.2 —2.25 | —29.00
6| 354 21.7 —2.46 | —30.00
71 354 21.2 —2.53 1 —29.00
8 32.3 19.6 —2.46 | —26.28
9| . 27.6 16.9 —2.25 | —21.84
10 20.9 13.0 —1.90 | —15.68
114 12.3 7.8 —0.77 | — 7.82
UF =870C
UW = 670C

H; Coefficient of heat transfer (Cal/cit.h .°C)

Fig. 8. Comparison of calculated warping on cut-T of H-section having the
residual stress developed by a different cooling methods.
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1LINE

123456789101
3LINES
1234567809101

\/

3LINES

1234567891011
7LINES

ml 2 3 4567 8 91011
0

Deflection

T T ¥

Length

Om im 2m 3m 4m  5m 6m

High temp. Low temp.
heating heating

1LINE] 3LINES |3LINES|7LINES

750°C | 750°C" 400°C 200°C
. mm mm mm mm
1| 2.64 | — 5.77 1.10 1.06
2| 3.32 | —10.48 2.00 1.93
3} 3.82 § —14.15 2.70 2.60
41 4.13 | —16.77 3.20 3.08
5| 4.26 } —18.35 3.50 3.37
6{ 4.20 | —18.87 3.60 3.47
71 3.96 | —18.35 3.50 3.37
8] 3.54 [ —16.77 3.20 3.08
91 2.93 | —14.15 2.70 2.60
10} 2.14 | —10.48 2.00 1.93
11{ 1.16 | — 5.77 1.10 1.06

Fig. 9. Comparison of calculated warping on cut-T of H-section having the residual
stresses created through different line heating condition.
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’_‘é’ H H//Sﬂffener against ImFral buckiing
=, = < =
‘Q H Specimen
] 4

Fig. 10. Apparatus for bending test,

Table 3. Coefficent of the H-shapes for bending
performances.

. plastic
specimen as roll ;;;t‘:;):s section Pa Py Pp

hXbXt £ ,{mm) Modulus
912X 302X 18/34 (10900cm?}12000cm?3[136.3T(265.7T|292.5T

ERAVCHEIE L., £14Y¥4 - ¥~ SRHIESED 75 v
SO L »olF, 2 ODEOFBEL F+ DRIE S D
fobk & L.
4.2 HITBERRER

Table 3 1o, BEIEH O HEME M 1-8E,
S5 v ORI R T B IR0, 20kg/mm? 35 X OFERIG
Pl HTGE Pa, Py &, %7, SELMBMEMRLETE
L8G, @E»PERT5HE Pp2ard. 2L, 3]
ESEBI I ORDLNIC 7T VIHBIVY =« — THD
FERIE I, 36.6kg/mm? k, 40.2kg/mm? L%/ D
Bk, SENL, 77 vooBRIG Y, REME
LCE AR A .

HRECHE L, o H % Fig. 10 RTE
Bz X v iFEA L, £E0BYHE LcEE, BRI
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Table 4. Devidtion of deflection in bending from
the ideal beam. Suffix at indicate the
deflection of ideal beam which has no
residual stress in the beam.

0a : deflection at P=P,
dy : deflection at P=Py

specimen as roll | fa—&at/dat | 5y—syt/dyt
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bRk bp, Table 4 wiRTM<, P=Pa O#EFH I
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Fig. 11. Calculated bending curves of 912x302x 18/34 wide flange beams
having different residual stresses.
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Fig. 12. Flow diagram of subroutine for beam
bending.

T

(1) wwERRcx, BREGHEING LT 7
75y 7BIDKREVLC ENFEEIhLY, ML
8.5mm LITFThHY, EALMELR bigw. 1ol
L, BRIGTICizoT 5% X 5 IeBRBIGTIHEY B 555,

— 44 —




SRR

= A

EEHEHOFEREECS XIETRIACHORE 1399

v = — 7 OB, #AYVMEEOBIE I ENEAEMRL
T, ThEBECERT A TREM A H SH. Lichio
T, 795 vIDFEVBREGIHER IR THZ ERE
F Lo,

(2) FEEHEMO Y = — 72t LT, TH#ML
BET AR, BERNIOBECI YMAY 24 L %
H, BELIEN DI IZ EMA DT . e, B
BInfE & ) oG EERIEC X VB TE, K
BEMERRET A sk, MR ETRHT A &
WEREE ToD .

(3) BEH & L CHEMCK Z BRSO FET
5L, BT 55E, MUHESKBCE NS, V=
— 7 Ofg¢ 20kg/mm? Ll EDO b O T, RGO
o o LEERARL, E— 4 v i, M/My 23
0.5~0.6 BETHS. 20 LR CEL, LEU L
CREEY ZERELBTHRERLDTAARETH S, i
L, & ERTsHEML, -2 v ik
NS CHERTAHENL L, O X5 IRt
TR .

LIk H e B0 5 BREIL O &\ Tl
23, KBS (FrcfiiER7) o/FBRE T, BycE
AZIRB X STEBEGIII W BB chHZ &
Dbmote. L L, BUERNE, =2 MHE, TRE4SK
Yo dbZ LIXTERY. L2 T, HoEHEH
T2 2 EDRRETH Y, v - FTRBTHEKE
FEISfED —20kg/mm? IR/ s X5 EHAEYS
W B TS,

' R

1) BTFHE, =K £: % 41 E@ENIy v K
v & (1972), p. 61

2) N. G. Bocukov, M. V. GurHIk, and Ya. §.
Garvrar Stal’, (1972), p. 1016

3) I. N. Fiirov and I. V. Gunin: Stal” 10
(1963), p. 793

4) LA %, $REZ: BABLEESLNBEEMY
# (1970), 2294, p. 859

5) WA #%, T+ = :[F.E0979), 2293, p. 857

6) ANMEL, BREfT—R: [7.1L(1971), 2033,
p. 363

45 —



