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A Study of the Bauschinger Effect in Rolled Steel Plates for
Welded Structure
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Synopsis:

The effect of pre—strain and low temperature annealing on the behaviours of Bauschinger effect was studied
to establish the quantitative relation of yield stress decrease due to Bauschinger effect in rolled steel plates for
welded structure. In this paper, Bauschinger strain and Bauschinger stress, which is a difference between ap-
plied stress and 0.19, proof stress in stress reversal, are used to indicate the amount of Bauschinger effect.
The results are summarized as follows:

(1) Both Bauschinger strain and stress increase with the increase of pre-strain, but the ratio of these indi-
cators to the amount of strain hardening decreases rapidly with the amount of pre-strain and reaches constant
at 2~39%, pre-strain.

(2) The following relationship is well established between Bauschinger stress ¢p and pre-strain ep,

gB= k- ¢p
where £ and m are material constants.

(3) The Bauschinger effect disappear gradually in low temperature annealing treatment. The activation
energy of 18 000~20 000 cal/mol was obtained in the process, which means that the recovery process of Bau-
schinger effect is controlled by strain aging due to C and N solute atoms.

(4) The back stress component which controls the Bauschinger effect was estimated. These values in-
crease with pre-strain, however, they are about 30%, of flow stress over the wide range of pre-strain.

The pre-strain dependence of Bauschinger effect can be understood very well by the aspect of the back
stresses.
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Table 1. Chemical composition and heat treatment of the steels used.

Code Cc Si Mn P S

Cr Ni \ Mo Y4 Heat treatment

SM50A 0.16 0.27 1.41 0.018 | 0.009

As rolled

_ _ l _ _

SM58Q 0.13 0.32 1.32 0.020 | 0.009

930°C, 20 min—
W.Q>600°C, 1.5h

0.06 | 0.02 ‘ 0.19 | 0.03
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Fig. 2. Schematic stress-strain curve in reverse
stressing.
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Fig. 5. Relation between pre-strain (ep) and Baus-
) chinger stress(o p)and strain (¢ p) normalized
by the amount of strain hardening (dg).
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Fig. 6. Comparison of the Bauschinger effect
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Table 2. Values of coefficient of equation (4) and (6) in tension-compression test.

19%~172, ep<3% €p>3% €p<3% ep>3%
CODE 03B -
m' k! m' k' m' k! m k m k
S M58Q. 0.1 0.20 250 0.27 232 0.16 275 183 230 127 268
0.2 0.26 171 0.31 162 0.17 203 160 159 126 180
S M50 A 0.1 0.24 223 0.46 185 0.19 245 234 186 169 218
0.2 0.24 183 0.48 143 0.20 197 234 132 142 176
op=Fk'gpm' op=m log ep+k
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Z 5 Lo F RGN &, Fig. 8icmLiz 1
e OIRBESHIC X B[R RISH DZ b xS+, [T
KEXOWHMBRIG N &2 5 2 HEERE 2 kv 7. 4
IRRFSh D&M WSRO A aBRIG T &, ThITH s
4% lh OEEsiEE 13 Table 3 0L 50 TH5S. %
LT, Zhboxticd 5RHE, IREZD 2T, —EDE
DWNEREEZ L E B L LR ¢ ZIBET & ol

%

Y

RT)
Z VCa Q bj:?%'[é:‘:fblﬁf\}l/;‘i—“n R piﬁ;(%ﬁ’ %ﬁﬁb\
T, WHHFRRRBER OEEIL = 2oV F — &R 7 k5 R,

o - - (8)

Table 3. Activation energy in recovery of reverse yield stress.

Aging Activation energy
(cal/mol)
Time(h) Temp.(°C) | Reverse yield stress (MPa) Time (h) Temp. (°C)
or(0.1) 245 1 95 20 000
720 % o 2(0.2) 267 1 95 20 000
o o2 (0.1) 986 1 120 18 000
1680 2 o 2(0.2) 315 1 120 18 000

— 110 —




MERSARERE O Ny o v F—RICET 2R 1421

Table 3 whbw<itlLizk5ic, 18 000~-20 000
cal/ mol DS L7,

—%, OFTHEENC X 5 IEHMOBRE S DZELE,
I<ashTtws X oic, CELENOIRMERIC X S
LOLxh, ZTOHEHOEE Lz A VF -2 LT, WU
< 18000~20000 cal/ mol 5 x HILTW5hH. Lo
2T, ZOEHHOBRBRGOE(LE, Lo mOkE
BHREOLTILE by THEETL L, XUV UHT—F)
Fo AEO EELT 2 v ¥ — L LTHy 18000~20000
cal/ mol 7n%fEM #HETE, TOREHERITKITZN
vy H—sROREIEE, C NIiCX5ikEE, 17k
bbb, ZhLENEET &R OMEIERIC X HIRERIB4
CXbdDEELZLNS.

4.3 ROy HA-PRICHFETHHISTNT

INETNT YU H=HRETOT e OMRE, N
VL LUH =T, ROV H-0THR, £ LT, £hb
OMTHE{LE DR ETE SN I E T O HEH
LTHEEL, 51, £hboRERESIC X 2 Edie>
Wl AT E .

Z TR, BRACKIFET D6 LAREF LR
Ay RS ET AT, TR E b7 o NN
— IR A TET B BRI 50 HHISIT DV THE
L, BTHNERBBICIADTBERED THD.

WieBicE LU Cix Hrsca gk b, %7, 4B
{t&4i B LCix Moan?, MoriY 5ic X b, HfHZL
B BT HEREIE2ZF D X S AR TERSLTY
5.

CF=0o+0for+op *- ..........................(9)
L2, 0o VEMIERIISS) (forest stress), o 3

B (long range) /i) (back stress) THH, Wi
NLMTHE LS & 85D DTHY, or0rtopy ZHNER
J&F7 (internal stress) FUFEZ EHTES. F/z, oo
R TIR BRI S (frictional stress), 7z, 4K
&4 TR 1 2% 2 5 Orowan stress “Tdb
5. $ivbb, R (9) WEISHER IR ZER
WHUES 00y 0for &, WHMZERI LT driving
force LB o5 PO HBEHRTHHD. Lok
T, FHROBRIES 6r I2EDXSKERDLTZ RN
T&ED.

CR=00F G rop—0p =werereemesmneseenennnnns (10)
W2, SEHER (9) BXWG (10) xb,
1
Gb:?(UF — G R) reerereeeeeesneeneennnn (11)

LLTExbN%S. LD T, 6r BDEDLNE L,
& (1) 12 X TSI OHEERD D Z LB TES.

o
H
T

6 o) —0 Ob
B
0.2}
T o SM50A
800 ® SM58Q
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600 -
g
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v4oo_
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¢
9

O

0 5 10 15 20
Ep (%)

Fig. 13. Relation between pre-strain (ep) and
back stress (o).

WERHNC EZHR D B 5 W M DIERIG T ar 1, WA
DIET-OF AR Fig. SRS TwWs X5, &
oL T HEHDT, TOBI-OFLEZRD D0
LEERD D Z LS L. BEELDW IR, 7o
—2F 49 v -2 viarOBEEZLD, WHROR
KRR —IE T TD T E, BXY, ZOkEROMT
XD, NEBEMICERD DS PSR IIoRD D
BEY LTV, Fhdx, or LT 0.1% i),
0.2%fi 11 &PV TRD MG DL, ko th
FRoOBEkE S DR, L Lans, i
R R T 5B oA, 0.1% Mg
Bk EY AT SETHEDT, TDOEEHANT o
OWEAMDL L XEELEZ2LNS.

SERRSRG S op VR, FTOEHILI Y ZHAFETIEELN
FoNo L —IET) e D /2 L LTEAZLNE. T
5 LTRD IS &L FOTHOBKRER L DS
Fig. 13 Th 5. op I PEIWFOTHOMHEKTE, O
FHLLELBITEMLTWED, 5% OFOTHL LWV
b ZOMIP LN DTS, —F, oy LEF
S or O, 2, 3% OFOTHRLLTIE, &
A EFOTHICEBEFRE LD, SM50A T 349%, SM58Q)
Tt 289% DIELTD>TW5S. Tk, LB {LRES,
BRHPHBMA N TIRIERRICER L, 0s & 0ot 0s0r 43
FIE—EDEILE S Wz LEER L, H—Il NS
TSt EE 2 b, 4o 8-3 @ Fig.d wown
TERLLEBERE-FHLTWD.

4-4 B OEKRENEOHR
— e R R B N D Y T = ROF S
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Fig. 14. Effect of low temperature annealing on
the yield stress drop, opy =oy—|op|.

N ¥ I I REMBNC T AR 2 In 2 72 DI,
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THETHOBRFENER VT THS. L, HEE
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LD, BEWOHBRICNERET D OB RN TH 5.
L7ch>oC, Gkt N v H - RoOF 5T 5 )E,
0, OTHENC X 6 NND v o H =S ROBSDES
¥, oy BEUET L OINIUUH—IE)) opy THE
T5LOXERNEEELDS. 2T, oy BRI L
D7z opy &, [KIREME OB%E Fig. 14 wRd. o
DESENRIY U H—hREHBEL, TORSMIT X 5
POV TH D &, IREDERWFEFCREIZELS LT
5.

5. 5 £

RS FEESR > SMS0A, SM58Q /N
H—5hR%, SERVEMSH T TCTOTARETEED & L
TR L, Ny H-BRCRIETTFOTHDEE,
BN, EIRBEMIC X BNy v o H — S Rl
ELTC. IBI, ZORMREDL DT, NIV H-HR
RS A IIER oW TR R TR 0. Bohek R
EOoEDERDTHS.

(1) FoFHrOELENNTY U H—FRITONT

(a) FOTHBHET L, NVVH -SRI
OFh, Tihbb, R ooy s —shiixhd
5, FOTH 5~10% TIIFEaFOER 2 RT.

(b) L»L, thozmImEt&DL, kbbb,
FEWIENT Y T —FNROKNELTHEZD L, T
SRFOTHBH 2% FToRica®izmb L, £h
P EDOFOTHTIE—EDEITIED L.

(¢) WFEMLD, FOTHROE (LT E D

2 K —FNROZECIEFRR OB 2R L s, SM50A o
EOBRNT Y o H =R RkE .

(2) NYYUH—ENEFOTHOBRICDOWT

BEE CTRESNTWENY Y U H—[EHEFOF
HD 3 OOBMRTEBRIER AR L, MEETR O
vy,

(a) Javieson 5 0OR, =X (7)), < 5~ Kisar
5, i (4), & Gurra 5, X (6) OFAFKADIES 28
XD =T, %< DEBRCTOTHMEBIC IV T
ERET B vz 5.

(b) &5z, & (4) &3 (6) ZHEKT L 5IT,
X (6) BEARDZ NIV H—GHETFOFLHEORER
HEXDRRINICEEELIOLEEbNSDICKL, %

CHlFS IR T kinematical hardening DR SMERIT

BEHLICIETE 5 Kismr 5 o%R, &(3),
Jibb,
tp=Fkyp™,
RBBRY, XOVEREAND Y - EAETFOFRE
ORBRNTH B LEEmTE 5.

(3) [EFETCXB DY H—SROB I oOnWT

(a) NovoH-shFix, EEREZTRS &, B
ESHREOT LRI R X OTKREL WP TE 2 L s
Do, TORWLEIE, FOTFHROAREIIKIFE
A ERIFE L.

(b) MBS X DY v o B =5 RO D75
LT3V F— 21T, % 18000~20000cal/ mol &
bhic. ZozZ XV, ZOBOREESKDONRY > o
—ROBPDIE, C, NOPKEEEIZ X 50T 2 Beh B 4
DIEREEZBNS.

(c¢) #HtEM2lILTHEDE, NV H—HED
Wb, SM58Q i3 5 BSRE—F 0§24, [al—Bghdtt
TREL, o, BRUWREHBHFETORMDERIIAZ V.

(d) FXEFLOREDS, B OIS % Ui &
DINY ¥ = ETIVE, RV EESTIR PR AT,
S

(4) NOYUH-HBCHFLETBHBHICOVT

Ny T —FhRETET B LR T & 5 S
NDER, HHMOBFBRIENE LT 0.1% % By
THRDB &,

(a) FEINE, PEWFOTFHREHTIETOTHE
EBITHEINT 525, DMRHEINZD 500 Lin 5.
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