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Formation Mechanism of Folding in Multi-Layer Welds with Single-Bevel Groove
Hidesato Masuchl and Kenichi KARIMINE

Synopsis : Very small flaws are occasionally observed in the root of the penetration beads (uranami beads) of multi-layer welds
with single-bevel groove. The formation mechanism of these flaws has been studied to elucidate whether the flaws
are defects or not toward the increased severity of safety requirement under earth-wide enviromental issues.

The results show that the flaw is not a weld crack but a folding to be grown up from a buckled weld zone at the root
of non-symmetric throats in the first layer of penetration beads, where stresses are concentrated by the thermal
contractions of weld metals after the second layers. It is demonstrated to prevent effectively the formation of foldings
by the introduction of newly developed welding method.

Key words : folding ; multi-layer welds ; single-bevel groove ; penetration bead ; uranami bead ; the throat ratio of penetration bead
- weld root ; weld crack ; steel structure ; safety requirement.

1. ¥

i

REM I & CIEA LI D ISR BRE38mmEL E) OFH#R
HOFHMtio—o L THG % VEIBEE 2B IaEE ik
DRFIE, v— PEIREH G b L CIEESEFI IR K
DA IN T30,

X, EHEEW AT 5 EERERMOmE L D d
> T. BRBEO/V— MECERTEBRE SN Er o2&
5 7o VR B GRREE) D3RS 3 LT v 529, B IC, Fig. 1 12
TEOC VAL BAEE IS AMEBERE—-FOv—
bR ESEER G FAE L 1o R TN IR BERERSD.E. Wil-
liamstiz & » TRESI N TV 29, B8 L 12D eI AWS
D1. 15 DM LU R THo/h S COT HIABRIC
TR TR EREHRLTV %, 5RL, ITnoDhL
FEDRAEMIEVS RBHDIZ D, RYUEFEERBT L0
Fh B o TR SR TV Iy,

—7, HERERBEHEORLM I 5 KBRS E P A3
LREMEDERVEBLT 2B 2EHRT 5 £, o hvd
LHET bARRMEC L AR D B, fE- T, 2N 6HK
WIIEERIBT R E» 2RO T 510D £ DRAR
RO 2 RAIEER, MU RIERBNZOEHERMET X
EAPiNABRLLF, 724—nF4 oL THEER
MomT AL L bC, T h—nT MR D% 1 AR xample of 3 by el o el
*FSR # HESL L 72, bevel groove.

200 m

SER 74E10H 4 BaZ4F PR 74118290 B8 (Received on Oct. 4, 1995; Accepted on Nov. 29, 1995)
* B 0 AESS (BR) SASRBTZEAT (Steel Research Laboratories, Nippon Steel Corp., 20-1 Shintomi Futtsu 293)

.38



2. HEs LUEERY

HEEER I TMCP (i L #JUL# . Thermo-Mechanical
Control Process) 81D 490MPafksilft % v, £ Db
%Table 1 (2R T, vEBAR ZBIARE 31 5 W1 R —
Ko — b bSE i RAET 2 /N REEERLAA L 7 4 — v
F 4 > 2) R EIRT 5 PHEEA L & 2 VEIBHR £ B IARRER
(FEhiEE) ORBREFK S &£ ~HERFig. 2 2R L, 201E
HEDOEESM# Table 2 2R T, 6 B % 2 /SRR i
LT 36T/ ADERBEBE BT, FYATLIZIA
DEHERPHCLE—FREC L 2ERZIT- 1, ks,
VA 5 12 490MPa & 8 A1 K 7k R R IE B L55SN (JIS
73241 DL5016-4APO% %) TH b, 350°COAFHT 1 KeRiLL
LR LIV DRI,

ZREEERCPBERC—NO~ 7 nilfBlEEs L U 2

Table 1. Chemical compositions of steel plates
used.
(mass %)

C Si Mn P S Cu Ni Remarks

0.090.23]1.40).005|.001]0.17.]0.27 | TUCP

Table 2. The welding conditions of the standard

method.
Layer |No of |Electrode |Current ]Volt|Heat i/p
Pass dia. (nm) () V) | (Ki/mm)
ist 1 3.2 120 23 1.6~2.2
2nd 1 4.0 ' 160 24 2.4~3.0
3rd 1 4.0 160 24 3.0~3.8
4th 1 4.0 160 24 3.0~3.8
5th 1 5.0 250 25 .2.5~3.3
6th 2 5.0 250 25 2.5~83.3
Remarks Preheat Temperature : 348°K

Interpass Temperature :373~423°K
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Fig. 3. An example of standard points in welded
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Fig. 2. Testing apparatus and its size of multi-layer welds with single-bevel groove to simulate a folding.
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Fig. 4. The microstructures of a simulated folding.
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Fig. 5. Thermal contraction of welded penetration
bead at the root of the first layer during
welding after the second layers.
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Fig. 6. Changes in folding length with increased
welding layers.
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Fig. 7. The microstructures at the root of penetra-
tion beads with a sputter in the first layer.
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Fig. 8. The definition of the throat ratio of penetra-

tion beads.
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Fig. 9. The influence of the throat ratio of penetra-
tion beads on folding length in the standard
method.
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Table 3. The welding conditions of the newly devel-
oped method.

{Layer |No of |Electrode |Current |Volt|Heat i/p
Pass dia. (am) | (A) V) | (KJ/am)
Ist 1 3.2 120 23 2.0~2.4
2nd 2 3.2 120 23 0.7~1.2
3rd 2 3.2 120 23 0.7~1.2
4th 1 4.0 160 24 2.0~2.8
5th 1 5.0 250 25 2.3~3.0
6th 2 5.0 250 25 2.5~3.3
Remarks Preheat Temperature : 348° K
Interpass Temperature :373~423"K
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Fig. 10. The influence of the throat ratio of penetra-
tion beads on folding length in the newly
developed method compared with the stan-
dard method.
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Fig. 11. The influence of the root gap on the throat
ratio of penetration beads in the standard
method compared with the newly developed
method.
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Fig. 12. The influence of the flank angle of penetra-
tion beads on folding length in the standard
method.
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