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Synopsis :

This report introduces some findings from a loading test given to a pipe having a
manual circumferential welding joint when subjected to a static internal pressure and
external bending force. It relates stress-strain characteristics of the pipe and the
welding joint. The report also explains the result of study on the weldability of offset
pipes and inclined pipes with a view to adopting the automatic (CO2-Ar shield arc)
welding process into a practical application for the pipeline field welding. It further
touches upon a high-efficiency all-position welding process using 1.2mm diameter solid
wire. The results of the tests can be summarized as follows: 1) The strength of the pipe
having the manual circumferential welding joint greatly exceeds allowable stress value
against static external force. 2) Critical offset value of the groove is 3mm. 3) A sound
welding is practicable even in the fixed pipe having 15°nclination. 4) In the case of
using 1.2mme solid wire, welding time can be saved by 30 to 40% as compared with the

conventional process.
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Synopsis :
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Keinosuke Hamada

This report introduces some findings from a loading test given to a pips having a manual circumfe-

rential welding joint when subjected to a static internal pressure and external bending force. It

relates sirsss-strain characteristics of the pipe and the welding joint.

The report also explains the result of study on the weldability of offset pipes and inclined pipes with

a view to adopting the automatic (CO,-Ar shield arc) welding process into a practical application for

the pipeline field weiding. It further touches upon a high-efficiency all-position welding process using

1. 2mm diameter solid wire. The results of the tests can be summarized as follows:

1} The strength of the pipe having the manual circumierential welding joint greatly exceeds allowable

stress value against static external force.

2) Critical offset value of the groove is 3mm.

3) A sound welding is practicable even in the fixed pipe having 15° inclination.

4) In the case of using 1.2mm¢ solid wire, welding time can be saved by 30 to 40% as compared

with the conventional process.
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Table 1 Pipe dimensions and sectionzl properties
Outer diam. | Wall thickness ‘ Length Sectional area | Moment of inertia = Ssction modulus
(mm) | {mm}) ‘ {mm) {em®) : (cm*) {em®)
- I | el ,___.:_
506.4 | 12.7 ‘ 4830 | 157.1 30 466 ; 1510
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Table 2 Tensile test results of pipe used

Tensile

. . Yield pomt Elongation
Direction (kg/mm®) ‘ (ité';;%tll;) (2
Longitudinal 50.2 ; 60.2 33.7
Circumferen-
Y 48.1 ‘ 59.0 32.0
2.2 ® %

L, Frvz—Bilox o vERBERK T —
PEEBDCI-250-AC3ISB2ETEEL2
FIEREL T, WL IEEE S L,

{5 S Table 3 iR, BHEEECIT
JIS Z3801 o N-2P HERESHHE L, 1T

Table 3 Electrodes used for experiment

Chemical compositions (%)

Tensile properties
(JIS Z3111)

Electrode c Si ‘ ‘ Yield point Tensile strength: Elongation
Chg/mm® | (kg/mm®) (%)

KS-70 ‘ 0.07 ! 0.45 ‘ 1.04 | 0.013 | 0.012 | 47 ‘ 55 30

KS76 | 0.06 | 0.63 | 0.97 0.016 | 0.009 | 46 | 56 ! 32
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Table 4 Welding conditions

: Welding | Arc

Layer | Electrode Désﬂlnrsger current ; voltage
B LA oo

1 | Ks70 3.2 \ 80~90 = 20~21

2 ‘ 120~140 | 23~25

KS-76 4.0 ,

3 ‘1]0’”130i 20~24
REGHHOES T LESETH D, 3BEEE

TH D, BHEMNY Table 4 WiRT,
2-3 RBREELHREZE

Mph AT 5 e, TR AR L
L, A-Swdd gl LU 2 R iRe s
L, A vitd. bm, REAAVIL 1
mTHo, HEE, FHRKETAHEY72H
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I 200t 2 v 2 —h— AW L AP v » FF
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100kg/cm® wZE LIch &, il » — o ORI E
DALNFE I L E T, HEEOMANTERT- 2
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Fig. 1 Dimensions of testing pipe
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Fig. 3 Schematic diagram of yield conditions
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Table 5 Comparison of yield load between calculated and experimented

Mises-Hencky eq. Tresca eq.
Calculated | Experimented | . Calculated Experimented | T
(1) (t) i Ratic (t) : (1) I Ratio
1 .
62.3 65 0.96 51.4 65 ‘ 0.79
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(a) M-1, M4

M-1L

L ! Longitudinal
direction

C i Circumferential
direction

———= Calculated

Experimented

. . ; . L . .
—R000 =4 600 *3(::00 - 2000 -1 []lﬂfl [ TOX 2000 3000 4000 5000
Strain (1077

(b} M-2, M-3

5T =T00 3000 —2000 —Tie0 0 1000 2000 3000 4000 5000
Strain {X107%)

(c) M-5 M-6

L L - L L L | ;
SO0 —d Q0 -3000 -2000 =1000 & 1000 2000 3000 4000 5000
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Fig. 4 Load-strain diagram of base pipe
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Fig. 5 Residual stress distribution measured at
welded line
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Fig. 6 Load-strain diagram of welded joint
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Table 6 Comparison of yield load between
calculated and experimented

Strain gauge | Calculated | Experimented Ratio

W6 | Preyield | Preyield | 1.00

w-3 | 58.0

65 l 0.89

W ST S ic A r— PW-6 8T, T E R
R RC ST DI IME T, BRI E
MNREL, Lichis TEBEEY AT 5L
TR BRL TV AL EREEERD,

e, Fig. 6 (o) WRBEREZ L 5EW-65D
W EOFROFMEZHEEI i xEL, L
WHEYEMTLLUMNIL VERECS 2 2 L 255
ML TxD, FERHEEOELES D DL D,

i, BERSTELIW-3A5TE, HER
I EIRS8.0t TH b, Fig. 60) T HE-D
T I AT I N DRERAEMESt LB L
THRETIT

FOMOFEELCOCTLRBOERSG Y
BRSIL, WESCOTRERCSE L STRELN
OEEIHEETCHL L2 DY,

2-4-5 EREAELMEEE

Bk 7o A4 v Loy, RERL
s THELE 7~ 7 AV AQBELINL, BY®
BERB N EEABECNY, ThbhbE LR Y
2.5 Do HTESR B, Fi, #FIEH
7 — 72 b v AREEOL.25EE THEB LR
TW3Y, ThbOFREREFEY Fig. 3 wre
i, BHEER ARNTERA LB,

W, (eufoyy=0.50 w5 L HEELK
Rt by CEHNTEB.6t L,
BEWE 138t IFEMECH 3.6 fFCHEYTLE
EbnG, Lo CREREMRFEYH T 20

—115—



Gog J s B B O

October 1974

CHETRE S T2 AN L7 & 2 OfFIE T
GIEERYREL T5Z EXERI R,

L Lich b, BEREEHCERT 2T
ORTHEBFE TOBRE, “hiciEd FLV-EREY
DR EPEL HLE, BEIIERRTELZ L
kX0, K BMEEARLOTRTRE
febine, i, BROFENHEOYRYE L
e, Fv FRofpiticits  mHET 2 HER
5,

3. BREROERALER

BEIEME O HEESEEE D, T TiEMoRy
TLERMAOE 2h, EHRCBEVTHV o
OEREATE IR T B, L ThT va— il
OfENE SR ESE T L FREER AT
THREY AR Tk D, KFEEEMECHEEY
oG Tii s A LBE IR ED, Ll
IHLOEREERLLEGOIEIEIDADL L EN
FTafcd b HEL BEREA TS,

ZITE, THBEFEREED S HLEREEREEC
LT bisn ko 3 siov TER
LRy HET S,

(1) ERVWAFETLIBSOEEE

(2) FREET OB

(3) l.2mme¢v ¥ » K7 4 viT X AR

ks, LTER~<2B8ohic- T2, BEE
WELCF v —@ios v vEEIEET — 2
FEBSEDCV-250-AC3SB %, BEHILT
APWAORFRAL T3, £, A v E—F10

PV TRIZE T ABBMOTNS B-400A, >
= FH AL CO & Ar ORESHATHD, I
i1 20//min, BE&H11 1 1TH%, vk, B
FTHEH s 2A5—~7 BF-1 #HvTw5,

31 BERLHEARTIHEOFEY

BLEFGEUSHEO BEWVGLEILTET S
LOTHD, BENEFEIEK, BRERTYHEL
Wi s e RS, BAE, T-rkEV ok
HEMr =y F Vv FER TV FEELIER
b, ABEETIRIFEFEED X S hEARELT
AIBEIT L

A FE A vOFEETE, SIEOEELRE
WY — FRREfRT Lo ENE—&ETHD, O
fosh BB, A — FRERKE L CH SR AE
RIZBE STl b,

3-1'1 HREOERSITUE

= Z-tit Table T iR+ REREINAC A~ +
Biss B EVBEOEALFE2VT, #BBED
ZEfTL, BIPEC— PR EFTERECEEA—
RO SRR BN Lic, o, SEEEA O
— eI 3, 3.ommTEBGALGES, LU
— PB4 mmTERGEN 0, 1mmDHRE
BREECRFABEC—- PR TE2 tE L,
—4, N— rHERE2, 2.ommTE®RGEN2,
amm OBE, kL — FEEA 3, 3.0mm
THEVES I mmOBSLL RSB ELREY
— FIFRTAETHEEELLNZOT, ZhbO
SEEEIIHEE L T D,

BXBEEVEATRTNEEL LT, HFHEO
L, RHRAGE, BOMBREBELSBESELD
hah, RIFSBEEY - P8I0t - b5
LGBz s 5 DL EREO TMIC R R BEY-H
FETHEETHD, LidaT, FERTIX
Fig. T ) 5 R RERVG-BA TR EX ST

Table 7 Combinaticn between root gaps and
offsets

Root gapimm)
Offset (mm}

0

1

2 i

Fig. 7 Location of offsets
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o1, T (T, B) K@ 284520 T5% B, s — FEIRZ0.5mm BEEE L7, B

ATt FHRIRLANBORS T R TH B,
3-1-2 B B 313 BREBER
BECHH LIV 1 v% Table 8§ &, ¥BEE HEHEOT, R, BOSHEL N UL-WE

BEO&44% Table 9 i, BERRII60° DV < 7 e fifx Photo. 1 wind, 7ok, LB

Table 8 Wire used for test

: Chemical compositions {24 Te(rﬁislezpsrlolplxgrties
Wire c ‘ g Mn ‘ P s Yield point ‘ Tensile strength | Elongation
. | (kg/mm*) | (kg/mm?) (%)
KC-45 0.08 ‘ 0.48 | 0.91 i 0.014 | 0.012 45 54 ‘ 32
. |

Table 9 Conditions of root pass welding

Welding current. Arc voltage !Oscillating cycle]  Stop time

Angle of torch

(A) (V) ! (cpm) | (sec) (deg)
90 16~18 80 ‘ 0 | 90

3
Offset T — %
Root gap
2

Offset (mm)

2 2.5 3 3.5 4
Root gap ‘mm
Photo. 1 Cross sectional macrostructures of root pass bead (T, R, B : See Fig. 7)
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Fig. 8 Shape of the groove
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Fig. 9 Build-up of inclined fixed pipe
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Table 10 Welding conditions and arc times in case of 7° inclined

Layer Welding currenti Arc voltage ‘Osci]lating cycle ‘ Stop time | Welding speed| Arc time
(A . (V) (cpm) : (sec) (cm/min) (min)
1 ‘ 90 1618 | 80 | 0 10~16 9.0
2 120 ‘I 16~18 ! 60 0.2 13 9.2
3 ‘ 120 | 16~e 40 0.3 12 10.0
4 120 16~18 | 25 0.4 | 7 17.2
5 120 | 1618 15 0.5 5 24.0

LT —#54n% Table 10 1z, %7, {HEA
15 P EOERmE - VAE, BiiY- FERY
Photo. 2 =71,

EAE1I0°DBEODE5, 6 S ABELEMEE

{a) External bead

Photo. 2 External and internal bead appearances in case of 15° inclined
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Table 10 @ 2 BE O&FHEBL Tkb, i
LA DB -4 O 4, b -2 AFEHESEHAL Table 10
O1BEOLREY, 6, TARDLHIE, HED
2EBEOSEHHRBAHL W5,

ERET OBEITE, KTVEEEOEHE: ¥ -
el Eh B L IAHEw, 10°Wid Lt -
TEOERSEOE FHEL L, HWEERES
FEETIRT7T v EF—Hy rEELEI EDRFH T,

FITHERU RIS OBERYE R
LYAEEBRt TEE 2 AR E Lok 2
B, KELRET — 204 L TERERC~ FaEn
Wi, PIEAEMEL ¥ oo B s T BRI e
BB ehi,

¥ 7o, {EfAH 15° OBE L, 4 ERHHER
GBOFETFTIHELLEDLRD I Do T
4B IUBHEEETEY 2 A2EDE L, £
OFER JIS 23104 48D 2 L Ly 4 W
TE2LDTH T,

DlEo k3w, HEfACK L TERTEETES
BV EOREE 2 5 A DT, HEALC
FCIRRLABESBLRL CESEREL oo,

33 L2mmg V) EDAVICEDHBIEE

BAE, HOETThATGAEEMHEOSELR

Table 11 Wire used for test

EEEL LTI, 0.9mmeé YV » F7 A ¥ & F
W, BETRORBEYERL CEEE TwmyEE
B, ESAREE LT 2 EEHBOERD T LR
B—TH D,

Lil, TOFECIGEER SR IOCRLES
RMENER LT hicn, B OB BER
5. BEAEY BT S5 A4 v £ - TRRICHE
HEFLid s, KEOBE#ER LithiEnbi
Vv, ZOWBIEECESROFNDEFHEETL
o, R T HEREROTEEOSRS LR
RIS 5%,

EECIIEREOR LERETLL®, BB
7ov 1.2mme¢ vV F7Avy5Fo THEEA
0°, 5°, 10° ORETEECOCTHEEER Y T -
12

331 & 3

FH LY 1 ¥% Table 11 e, HEREIX
API 5LX X52, @9/ 12.7mm T, BE Wb
Fig. 8 rABRTH D, ¥z, @B OBE
OEELE Y Table 12 wikd,

3-3-2 REBER
EEMEW Y bR LR B EY

Chemical compositions (%) ’I‘erzsjlig grgg;ﬁx;tnes
Wire — s | o | ‘ “Yield point | Tensile strength’ Elongation
o ¢ | s M| b S | kg/mm®) | (kg/mm?) (%
| [ |
KC-50 0.0% : 0.45 0.98 ‘ 0.015 \ 0.013 51 ; 56 ! 30
3 | . | ' B
Table 12 Welding conditions in case of inclined angle 0° using 1.2mmé¢ solid wire
Laver Welding currenti Arc voltage |Oscillating cycle | Stop time | Welding speedwL Traveling
¥ (A) ‘ (V) (cpm) (sec) {cm/min) f method
1 ‘ 110~120 | 15~16 78 0 | 10~20 F e ard
) I R d
2 | 130 | 15~16 70 ooz | 17| Continuous
| ! _
3 \ 150 ‘ 15~16 | 54 ‘ 035 | 13 Iazigginuous
+ 150 | o151 | 24 | o0 12| Ve
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A S v OBEEENTBT L ERREYTTGE 6oy

Tog of pipe

RB--2 SB-1

M-—1

T : Tensile test

M : Macrostructure test

SB : Side bend test

RB : Root bend test

H : Hardness test and microstructure test
I: Impact test

Fig. 10 Locations of test specimens

Table 13 Tensile test results

T et e 5 /m) Elongation Tt
- ? 1T sz | 2 W\Weﬁetal
. 1T-2 ‘ ‘ 2 | B

, 2T-1 | 5 } % Base
2T -2 ‘ ‘ 33 Basﬁletal

. L _3T-1ﬂ | 51.7 ‘ 35 B"’aneta{
sT-2 | oss | om | PUE

Photo. 3 Appearance of tensile test results

Fig. 10 =7=7, Table 13, Photo. 3 IfEEHE
0O ST oW T 3EOKFEL VR L -#FED
Al S5 i, Photo. 4, Phote. § 3%

EEREE

Photo. 4 Appearance of root bend test results

Photo. 5 Appearance of side bend test results
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Inclination : 0° Inciination : 5° Inclination : 10°

Photo. 6 Examples of cross sectional macrostructure

hENBEdY, AFRBAERCTHD,. Photo. 6
BRI 0, 5°, 10° DBEOWE < 7 = BHF 160
T&Hh, Phote. T (WEWE N OREZELR

], AV IEO: el & TH 5, Fig 11, \/\\

Fig. 12 ot h FhEERR, BEIRER LT R .
1. . =
COKET, AF400mm, BE 12.7TmmO% 3 M~
PEATLCET 3 EEEEEEIY TOmin T g 140 ' ‘
<
=
! Bottom sur‘face 2r; m
100
i
BM HAZ W.M HAZ BM

Location of measurement

Fig. 11 Hardness on cross section in case of
inclination 0°

1o o g__
<
3 .
2 10}
-
® ° o
2 o
@
Fg [
= e
& 5t g ;L
= “o
-
. [¢] S | ! ! |
Weld bond —40 -20 0 20 40
Test temperatare {C ) +
Photo. 7 Microstructure in case of in clina- Fig. 12 Charpy impact test results in case of
tion 0° (x100) inclination Q°
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b, fERED 100~120min - K+ 5 & 30~
400 DRI E 75,

4. Héphix

SAAT T A OFEEELY, BLBEEFOLOD
ST EME IR, B, R, +
I, %k, Bhgh, ®BEF FaAEEACET o
AN THDEELALE, bhbhr RO
S, FERTNEMEIES S, AWRIL S

& b5 ~NETHS B,

L Lictih, 24754 vEiE LoRLER
PIHEFRLLBAALELEEOEETH D, BR:
MFEo 2 LAREERETHLEEL, &
LA ETDHEB N o Ilc P EFTET
B5,

#hwhicn, AEBFEOMNMCNL., #ths
e D DIRE A B - o B R B S0 R B 9E AT
EEMEERAEHAE=AE L RERTEHER
TRl DX h#ERETL,
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