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The Characteristics and Evaluation Method of Bonding Strength on

Rolled Stainless Clad Steel

Synopsis :

Takashi Fukupa and Tadao IWADATE

The characteristics of bonding strength of hot rolled stainless clad steel were investigated in conjunction
with the microstructures and fracture toughness of bonding interface and the effect of test specimen size on
bonding strength. The following results were obtained.

(1) The bonding ratio is the most important parameter for evaluation of characteristics of bonding
interface. The bonding strength and fracture toughness decrease and crack propagation rate increases with

decrease of bonding ratio, which results in higher

possibility to debond at the interface with T joint welds.

(2) The shear and ram tensile strengths insufficiently reflect the characteristics of bonding interface and

are much affected by the size of test specimen.

(3) The fracture toughness and crack propagation rate of bonding interface change with the strength of
cladding stainless steel and residual stress remained in the interface.
Key words : stainless clad steel ; hot roll bonding ; characteristics of bonding strength ; fracture toughness

of bonding interface ; crack propagation rate.
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Table 1. Chemical compositions of test materials used.

Chemical compositions (wt%)

Material
C Si Mn P S Ni Cr Mo Al
SUS3161.-cladding steel 0.017 0.64 1.25 0.027 0.0017 12.09 17.57 2.05 0.011
SM50-backing steel 0.09 0.38 1.38 0.004 0.003 0.26 0.06 0.05 0.030

FRTCE 9 ARSHERRICTREX FRTE 11 H 6 A5 (Received Nov. 6, 1989)
* (k) BARRMMPTEMMIEHT (Muroran Plant, The Japan Steel Works Ltd., 4 Chatsumachi Muroran 051)
*2 (kR) HARRPFTE %A T8 (Muroran Plant, The Japan Steel Works Ltd.)
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Fig. 1. Shear and ram tensile test specimens.
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Fig. 2. Test specimens for investigation of fatigue
crack propagation behavior and for fracture tough-
ness evaluation.
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Fig. 3. The effect of test specimen size on shear
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Fig. 4. Classification of fracture mode at ram
tensile test.
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Photo. 1. Scanning electron microscopies of fractured surface in 0.5T-CT test specimen at —25°C.
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Table 2. Bonding strength and T joint weldability of SUS3161. and SUS316LN clad steels.

Before welding After restraint welding
Cladding steel Boading Shear Ram tensile Disbonding Kc (J) of bonding
ratio strength strength in as-welded interface
(%) (kgf/mm?) (kgf/mm?2) condition (kgf-mm™%2)
ss %3 57 e
73 3 2 Yo 96~101
31. .8
% 3 28 No 382~514
80 38 X Ne 250~395
% %7 360 No 430~510
58 175 58 Ne 82~133
60 181 5.9 Ne 78~138
SUSs16L 25.7 39.6 N
68 22.8 39.1 No 85~168
% s S5 Ne 570~730
ERLFLLALREINS, BEBROMEOESREE, 1072
5, Fig. 2 (b) 258 L7 0.5 T-CT SRERFE % #RELL /2. .

Table 2 ICRERFER 4 RT. ¥ SUS316LN 7 7 » s
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BVAUNE VN, W CHERIED BV ik Ke () OZL P :?g‘
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IR RARCRINCGEL, BakOREEIYE £ I
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Fig. 10. Relationship between AK and da/dN of
bonding interface in clad steel with restraint weld
joint.

3:3:3 T BEHFOEY & FUIBEN

THERFOZ 7 » FRBAHOEF SHEREE
da/dNEZBIE L. 6000, 2WERPREL
BRHEMELTBE, EAOWYRTEORS XUER, &
4 D da/dN 2 WEL, #0OFHEI S S BERHE
A RS 7. Fig 10 1HEH S REHHEE, da/dN &
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L

(a)

' (b)

(c)

(d)

(a) SUS316L (Cladding metal), 80.8% (Bonding ratio)
(b) SUS316L, 97.9% (c) SUS316LN, 71.5%

(d) SUS316LN, 77.7% (e) SUS316LN, 95.5%

(f) Backing steel (g) Bonding interface

Photo. 2. Fractured surfaces of test specimens
after crack propagation.

AK OB ERT. SbEMoBENFE LSS, BE®E
L BB LA da/dN EKE LR D, 3ITRE LV
NNVOESEOE A X, SUS3IEL 2 L SUS
316LN DA K & 72 % BUEIBRE LR LTV 5.
Photo. 2 X JES S HERBZORBRF OKE LR L
bDTdhb. Photo. 2 THEMHKEFHLFCHL L%
HRREARETH Y, M KE L, BUhTAE
BLCVAEHRBHREACHS. 2B5HE (a) O
Abt#oETHE N RTAEZEL T AEPTIX SUS
316L T 5. Fig. 10 ® da/dN & Z DEE T KT
B, de/dNHFREVHDIZL ZRERFICEDHHE
LREOEEHKEL DI thbh b, EHIEGR
T % EET A BATHOREICRA FRBRIEPOL D
DY, ThbLEBEEEOKRVLDIFE, SROERE
BEAAEL hoTWh, 7, FEREAKOEEETD
SUS316LN 2 5 » F#inF4: SUS3I6L 7 7 » NIl
HLESRT SHESER LR T 25 EBHESR
%. Zhid SUS316LM f SUS3I6L X b FRKo#AEE A
B OREEREOZGRR L2, L) BVREIES
FEASRAECHELTVEDEBbh A, Z I TER
EAREIIC 2mme O FUVILE H T ASTMES3? i<
# 5 7: Hole drilling ¥:C, FiHE 4 2°Fr (BEHPLE
F 2208 L UHBIET 2 287) OREHEOKREES
2RMELSE A, SUS3IGLN 7 5 v FST 18~25

kgf/mm2, SUS316L 7 7 v FH#T 9~16 kgf/mm® D3|
ERSIEHTHY, SUSIIELN 7 5 v FHOHHFE
BEERRSIE % R L. Zhat SUS3IELN 7 5 v MR
DEBERBELHEASEL—-REZELONS., TOX
SR EHEREREE IEAENREVEIEIE(R
D, FLAbEHOBEVICIYEALSNLERAICNOE
LI EbEMOBMEEICL ) AR RIBEREDORLS
ZENDbDD. \

4. & E ]

JERE SUS 316L 27 ¥ L A7 5 v FEROEETRERF
Mk & I ESmOMBENGHEELRAELL, TRoZ L
Bhhot.

(1)ESRESROFME LTEER /ST A—F -
BEARTHH. BEEIFBOTIUTHEL & IcBItkE
T, SZEEEEEERL, T HRFEEEICITCRE
BRELLT kA,

(2)fER D AR % & U 1d < BERBRE IR DL
L+ RB L DI > TBHT, & oICHRERA
O L D MATREASKE CEDD, B LTHEER
e TRBEIEZFHRED 2.

(3)GbEHMOMEL L FICREORERIEICLY,
BAMOMENED L s BERERENTRE CELT
5.

(4T HFEBELO 7 7 » FEO BEREBEMII,
BEOEOBERNEL S CICAFETARBILNOKRE S
XnFBHINS.
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