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On the Experiments of Girth Welding under Low Ambient Temperature
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Synopsis :

A linepipe in the arctic permafrost region service demands the combination of high
tensile strength, notch toughness, and good field weldability. To assess the problems
encountered in the welding, the field weldability test is carried out under ambient
temperatures between -2°C and -29°C. While little disturbance for weldability is
observed in manual or semi-automatic gas shielded metal arc processes, some
improvement is required on the resistively of welding equipment to lower temperatures
in the case of fully-automatic process. For the performance of girth welding of a
high-test linepipe with larger diameter and thicker wall, manual metal arc with low
hydrogen electrodes or CO2 shielded semi-automatic welding is preferable for both the
mechanical properties and susceptibility to cracking provided, however, that in the case
of manual metal arc with cellulosic electrodes, the preheating must be controlled

severely.
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Synopsis:

A linepipe in the arctic permafrost region service demands the combination of high tensile strength,
notch toughness, and good field weldability. To assess the problems encountered in the welding, the
field weldability test is carried out under ambient temperatures between —2° and —28°C.

While little disturbance for weldability is observed in manual or semi-automatic gas shielded metal
arc processes, scme improvement is reguired on the resistivity of welding equipment to lower
temperatures in the case of fully-automatic process.

For the performance of girth welding of a high-test linepipe with larger diameter and thicker wall
manual metal arc with low hydrogen electrodes or CO, shielded semi-automatic welding is preferable
for hoth the mechanical properties and susceptibility to cracking provided, however, that in the case

of manua! metal arc with cellulosic electrodes, the preheating must be controlled severely.

Tk 0, FO LT CEBI ED bR T D,

1. T2 e chbOEFEYHE S LT, A1 FORER
BlooTiL, BHEKEIER LOMEYERE L

Fil - RRF AT E D= 5o & — FHFEBAFEOL A FOMBEEER X OHBEEEE - RADN
aic, g, 7 I AH, HFE, VT EL ST FEET A ESHBEORSVEEL T
T KB T T v OEENETE SR M EI B EERNL, ChbOERLLD

* BAREHR M 771 YHREERR oz T YV S ey s - RREERN L AHRNEERR
ek RSN E S IW RS R Ty o= TV S e F - RIERSEE AT R AR
wbRE o= T U Y S eV 2 R BB AR T TR =1



Vol. 6 No. 4

I BT BT A Vo1 7 ORI R

565

Feoeril, AREBRSTERATHEELN S,
Bt e OFBEEOHBIIBHTERVOT, |
BRHTLUE T L2, 9F 1A Ta
H2AREETOHEMC LD, IrEhEER
BRI CTREE & HEYE Lo B s
BT ot

(1) BE - BAHF EOMME SR

2) BENEBAEREOHEEORS

3} MAABESLBECEFEE 0K
ATt ThoXBERs#E T2,

2. RBAE

2:1 REHOEE

TEAARIEOLSTE L SRSt
LBy AATRS 22 L3RR - 2 Th
L, BERTILOEOEM R - FhHh %
EHER TEE TR E L,

) S/ -20°~—-30°CETETT2 &

Table 1 The lowest ambient temperature
for a month and days below
—20°C at Rikubetsu

Month| Condition | 1958 | 1969 ; 1970 | 1971 | 1972
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Lowest | : | L, SEOEAMER L, FEEEECER T
tem(p:)ega)iture‘—%.[) —28.9 —30.6‘—30.5‘—32.4 R AR E ORI E S AT Y v 2 R
Jan. |- ; e N . . . e ‘
Days below 12 ¢ 20 25 J 20 | 19 ErFHREL, A7 Ly FTEOEIIT OV TIES
| T i ‘ BOERCPFLD Lz L,
"I Lowest I < - . : .
temperature | — 28.0'— 33.6 43.8'-31.2%-31.0 AT I A v ORBAARE T Table 2
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Table 2 Characteristics of girth welding process
l Characteristics
Welding process —— = ‘ Meochanical
| Workability : Efficiency | Defects propetties
Downward welding with i |
Manual cellulosic electrode ‘ < | A * x
. Upward welding with low |
&;;:. |__hydrogen electrode | A ‘ * ) ‘ @ VAN _
welding | Downward welding with ‘ o O
_ | low hydrogen electrode i VAl VAN o
Semi automatic CO; shielded metal arc i !
 welding : s | O S C O
Automatic gas shielded metal arc welding — : @) I @) @)

76 Good 2 Normal x  Bad



566 Sl oKL g B

October 1974

KB FICLERERI S LT3R, BEC
I TEAXRDLEEL L BB SR
R EL DL, EXERECH AL - VEAE
BEEYEBA LA FE L], EhITRERL
SR EET 5 il & HENEEE O TS
Eihs, LiktieT, SEIOEBRTE, ~30°C
BEFTOERR TR LHEFEECREL &
LT, EREEDRE A FOHBEEY S
=~ X%, BARRTEER LY CO: $58
EEECTY, WEREE, BRMAONE, B
fo S OLER T, ERRRERLEDEERD
ER TR 2EEREY B L.
EERRrFER L1 7 OME, THEREE
Table 3 T/~

3. ¥ UHLEX

HEFEYBERC T o - HEESEE Y ER
L., BErETs 7 4 v 250 BHEYT-
T, FEEX0.8~ 1mAHERETLILI AT F
#EE L7,

LR L LT, RBER L THEAHED
L, — R EOWBELY—fFIC T v F
—FArFyA=EHG T S 2, AFERTIL
Phote. 1 izt X 57T, £AH, HECBE
e/ SR L TLE LIFRE Tt ZOfF
gro—Fe— b Fig. 1l WpiT b H TH

Table 3 Dimensions of pipes used

Qutside Wall
Material ‘ diameter ‘ thickness Le(n flt)h
‘ o (mm) 1 (mm) | T
APISLXX65. 1220 | 203 | 4
APISLB | 406.4 i 12.7 | 5
Table 4 Welding materials
\'\,.‘HH\J Brand namel1 ofD\i;\ErliTe?trf;n) Specification
Cellulosic HYP ‘ 4.0 E 7010
85 P l 4.8 E 7010
electrode i Prote-type 1 5.0 E 7010
Low : : '
hydrogen | Prototype | 5.0 E 8018
electrode ‘ |
COQ, shielded
welding wire KC-50 B 1.2 .

b, EEfEeEvRES 70min,
30min 2814,

R TR

1. REFOMAFH

LD T T A VETEICIZ X605, L O i
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Photo. 1 Fitting operation using newly-devised
pipe stands

Transfer of Setting of Laying

pipe standqoxpipe standfz_o\ of pipe /3-0\ /G—O\Clamper@
5-10 ' 5-10 = 5~10 ~ 10~30 ~ 5-10

(a) 48in. OD pipe

Fitting Outfit of

Transfer of Setting of Laying
i ¢ . tand .
pipe s andfé\plpe s an@ of pipe /1-5\ P~

3~5 ~7 35 ~ 35 ' 10-15

() 16in. OD pipe

Fitting

Unit ! min

Fig. 1 Flowchart of fitting process
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Table & Comparison of welding time
| Root pass Hot andp;;.l:esequent
Temperature _ " Slag . Slag Total
Electrode 1 Arc time | removing Arc time removing
o i : time . time
N : °cH | {min) (min) (min} (min) {h)
i ' | | ;
Cellulosic }_ Protijp_e_ i 9~-10 _-| 65.0 : 14.5 _[ . 260.7 ) 71156.3 8.28
electrode g5p —20~—30 83 | 15 | a3 | 1m0 .69
Low : I 0~—10 | 25.3 ’ 6.9 I 161.1 ‘ 42.7 ‘ 3.93
hydrogen . Proto-type |- : 7 ‘
clectrode | -20~-30 | 135 | 1.3 | 1744 2.9 | 3.8
Table 6 Defects specified by API 1104 code
Type of defects i Specification
: Any individual shall not exceed lin The total length in any 12in length of weld

Inadequate penetration ‘ chall not exceed 1 in

Incomplete fusion

(due to cold lap) . shall not exceed 2 in

" Any indivisual shall not exceed Zin The total length in any 12 in length of weld

Slag inclusions

Any indivisual shall not exceed 2in in length or Y4 in in width. The total
length in any 12in length of weld shall not exceed 2'in

Porosity ; whichever js the lesser.

!Any indivisual shall not exceed Y in or 25% of the pipe wall thickness,

i
Cluster porosity

| Cluster shall not exceed an area of }4in dia. The total length of cluster in any
: 12in length of weld shall not exceed 14 in.

% Deposition rate
S0 position rere {40
- ® Deposition efficiency e X =
§ e Low hydrogen ‘E
e —mm T e
- -— type electrode e
E 70 e, o -
& K
= v
@ =
=]
R e e e . 20 =
= ’_\'\ High cellulose é
é. * e type electrode 5
=1 30=; —H10
n I 1 It
200 225 250 275
Current [A)

Fig. 2 Comparison of welding efficiency
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Rk, AHETRER, ERER, B BT
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Photo. 2 A typical crack obserbed in HAZ

Table 7 Results of mechanical tests for weld joint

AL T, WFRoRE T E0N0% L
ERE AR L,
HEREORET LI CABREREFRAL
feh OO RFTH -, 4l Photo. 3
CRT L R BEAERBC L SFEERDO 7
HEB T 7271 PR EUMBLLDOTHELD
ERL, Sxtw - ZRECI B ORRULH
7= 74 e, HWEHAS SEhPEE s
HoTuhl b TEREELLRE,

—20°~—30°COBME T T - FEMTF OB
WRBEREA—f & LT Table 7 iZm7,
e L o, XBEBRBETIIVThOoBEk
BErAVCTLFAAESDRIT L bbb BT,
EESRBERARL -0, FThThofEs
BXEOERE, K, UCANCEE LEbIhICL
DEBbhb,

() Cellulosic electrode (b) Low hydrogen electrode
Phote. 3 Microstructure of weld metal

\k\-‘"""'-—\.:l}ft ! Tension Nick Break ‘ Side bend l Charpy V-notch
NN Specification Tensile | _F;a_ct;ei There shall be ro | T T T
T strength ‘ part more than 6 gas 1 No crack or other | zvEe v E -20
. Locatior;\ (kg/mm?) pocket. Slag inclusions | defect exceeding } ‘
:shall not be more lgin I (kg-m} | (kg-m)
Electrodh -\| >56.2 lBase metal |than 14 in in length ; :
0 57.8 l‘ Weld metal! 3 gas pockets l No defect | 8.8 6.4
Celiulosic | 3 61.8 “ Base metal| o E2° Efl'gékf;ilusion | Fractured - 10 | 73
6 50.5 ‘ Weld metal] 14 gas pockets Fractured i 5.6 | 4.1
- I i -
0 60.7 | Base metal| 2 gas pockets | No defect | 176 ‘ 11.0
|
L T .
ow 3 60. 4 Base metal| 2gas pockets No defect | 178 ' 110
hydrogen ' : i -
6 | 58.0 ‘ Base meta!| a gas pocket No defect v‘ 16.6 ‘ 8.8

— 80 —
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(1]

=
T

hardness(Hy, )
e
P}
/

Maximum

E

X

wow 5k Observed by 400
z 5 x magnification
g% 25 o T
K
-
0_ L 1 1 T L !x
—25 0 5 50 75 100

Preheating temperature (°C)

Fig. 3 Relation between HAZ maximum hardness
and underbead cracking

2 6.7 s 9

5thT0mm _ b0min TZ0min T80min
1yer Thermocouple

layer | layer
240min

Gi 180min 300min

Fig. 4 Pipe surface temperature during welding

ond 3rd  4th Temperature:—10~—13°C
laver layer layer Electrode:Low hvdrogen type

Table 8 Girth welding conditions

“Electrode Welding
Weld pass | diameter Current speed

_ (mm) | (A) {cm/min)
Root pass 4 ‘ 160~180 30
Hot pass 4 orh ‘ 180200 —
“Tirst filler
s dors ‘ 160~200 —

ond DT dors | 160200 | —

When the ambient temperature is less than 0°C
a preheat temperature of 65°C minimum shall
be maintained

Table 9 Results of underbead cracking test

" Testing ! ] [
temperature —30 0 : 2 . 50 | 100
ch | : |
- ! ! i
Percent cracking | 0 o 0, 0 0

Table 16 Hardness in the cross section of joint

Location of hardness No

reading : ;HV“’} No.
1| 180 8 @ 184
2 | 219 9 | 185
3 | 230 10 | 208
4 1881 11 | 210
5 193 12 | 22
6 i 227 | 13 | 209
7 | 199 | 14 | 184

Table 9 CH o, HIFEHEHCLNTTED b
¥, B a) p@EIA, FALBGCHERBCE
T EEEEOTEREL Table 10 O L 5 10//E 2
LTV fo, 7eds, Table9 @& — FF 125
BIHARLTBRELLER TR,  ha 40050
BEETHRET S & 0.1mm BE Dt
ELTWBZENERERL, Dirn
il Fig, 3 iRt Xt 5 w8 ERo R
BEES He30s DLEoBEC4E VL4 D
T, FHEES50°C D45 Lk
EEH kbt
@ BEETHOCAM7OREER

FSE E#R A & 10m m Bl - SR TS
5t AR 2 A O—f2 Fig. 4 ©
5, FRERBELhoT0T, AL— s
AEERER OMREEREI I RRTE
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FEROLERE L, 3ELEORENEYS E
hikE L, 65°C BBt ss &
LA THT & L EREET DT TERETE
-'J'.?'Co

Fig. 6 3 <2 0OFE#EEO A1 T OREFE LY
FTLOTHy, FERERNO S TRECL -
T, B5°C FTHHMENZERII I EL T
{ Ba = P RATILIE RO A TIRED
—10°CTH T biy 10min TE5°C = TEH
Lich, BEUEI 0 CRECLARLL4BER
T 7T By, oSS 20min DL RiEim L
72, KFEC L Db EFEZELNE, A — A
TILHEEH T % 10min LIRS RE, T bt

120} .
g — N
£ ' ZrA
v
O R o N
: \/ s
5
@ .
g o=
& Cooling
for 1 hour
\\\\\\\\ L Il L
AR IR R SRR S R R AT

Pass number

Fig. 5 Pipe surface temperature before welding

1st pass
in 3rd layer

g

4th pass
.in Tth layer

C

3rd pass
Jin 4th layer

F&a°C

1st pass
in “nd layer

=3

Root pass

Pipe surface temperature ('C)
(=]
=]

Root pass with
preheating (estimated )

2

0 3 10 15 % = i £
) Time elapsed after welding (min)}
Fig. 6 Cooling curve of pipe surface temperature

after welding
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HEASETL 74 7 —AAF— 4, BIUER
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MOEHRBECE U TESERKR L TIThhd, L
Frpig T, SEREETA LY VA —F - A OEE
HEECL - TEEER, k2l E950umOE
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FOAREETEL LFHEEIND,

FERTERH LCBEEEY 8 ESA 7T
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b v — F - A DEEESERE S X ORI O
B%:3 Table 11 R X 5icic b, WAEERE
X o TEENE/LT L, Table 11 ik ~TF
HEOAS FBEEREY 1~2min L LTMET
&, ADEFEEECETAAN) v —F —
A DIEHEMELIH 12min L7 b #5508 B A
Bbhb, =5, YAR CO, 7— 7 BEE
DB LT, 7.6min CHBMT S HAETEETH D,
Table 5 it BEAEREL Berr—X
BT HEEZEL, Table 11 A7 vy F
BTl d frnfodt, TAULEARERTEERE
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HBEEL DD TH D, LiL, 1#FTEHE
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Teble 11 Welding time estimated in application te spread practice

j 2 partition method 4 partition method

Welding - : — | ‘ . S
Welding procedure Welding Vgeldn:g&t;lmte Welding ‘ Vgeidli‘g&n}?i! Remarks

location| speed L or Too O speed of roa ot

| pass . pass |

(cm/min) (min? (cm/min) | {min} I

| ' : —

Downward welding | A ‘ 20 17.2 20 L1101 A

with cellulosic i : ‘
electrode | B | - — 18 | w1 AN
Down & upward A ‘ — — 25 10.2 | Afi\f\
welding with low ‘ e |
hydrogen electrode B ! — — 12 ' 10.6 ‘ )BQ\,L/"!B
Downward welding A | 25 15.3 25 : 7.6 ‘ At A
by CO; shielded — - e )
metal arc B ‘ — — 25 7.6 BB

woX s, A7vy F TiE— b YR

DEFERNEATOESTH, ZohsitiiBFlE
BEOm ESNEG LD, —BROBEET I
TIHEREOTR L IFEERECE -~ 137,
B—R eEERe T o EE T L
AT A vORTTE, BEREORET L »T
B AR ER L T BT 2, B A 0,005
(0. 127Tmm) e v S FEE T A st k- T,
SEBBEDL — S A EE % 70~150cm/min
FTERIRLAREE, i, Bl r—2ARK
BXERAT 2848 Th, FEBRTIIH 20cm/min
THoteOWR® LT, Bk Tt 30~70cm/min &
VO BEBEY TS TED, ZOBEOHERBEL
FREICRIT S 1L.5mmH L T0.6mmTH

~2 7‘;0

5. EEEERBBROBENSY

AL T5 A v OBBEECL ThET, B
CHWET - EEENERIh T E LR, BA
1, BEFbk I ORETEER L KO Riib b,
S, HEEEOVER T ETEELLEL
bhd, £2T, BRERETCHEET?EBDEE
Be B lmET S n, HEOPEEN
BAHBEEERE L, ZCcRfF LA 1 FEEED
R RARERE ORI, L LUREERA L
FIBT R ME T - T,

TR oY, v v RTEE M
BEEES I UMNBETSEC RN TE, Znb
% Table 12 © X 5 o bh THEEL L,

HEMEL, AEQS 1 v F, HEIGTvFD
APT 5LB M4 RThh, BEHEvIvY S IO
BUTHEAFIAFT~-TLLT, THERKC—45
(0.9mm¢) LI BF — 1({8RER) ¥ HL,
~2°~—28°C o« DREOL £ T I0MED
BEY T, BAERRL, 60°VE, ~+— 7
2 I ALV L — b ¥ vy 7L, ThEh15E
YO3.0mm kL, 1FAERLERCI S4B
BT,

BERERBCEEL R IS TRERT & LTI
B, B, BHEEE, BEr—-FOy s vy
Bk X O HEEEEEL ST eh e, H
AEERD - W A ERORERE WL, -2
HELHCHA TV 2708, RIBEC L HEERO
HENELZ LN D, BRIkt 2EELEOR
Fix, HHHLH +10°C BEOKRT Tz ]

Teble 12 Welding apparatus

Code Engine Welding Girth  ; Internal
| generator | transformer | welder iclarnper

A Yanmar Hitachi %imasaki ‘
YPG-40BB| TS-200 machine | Denyo
DIC-400

B Denyvo Denyo
DCV 250 AC3 APW-400
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