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Preface

The ESAB Application Handbook is a collection of welding procedure
specifications and actual test results. it is aimed to serve as a guidance
when questions concerning selection of suitable welding parameters and
other conditions are discussed in connection with ESAB consumables. This
collection covers the most common welding processes with examples taken
from several different application areas e.g. the offshore and shipbuilding

industry.

Each welding procedure specification, WPS, is based on experience from
actual welding procedure tests carried out either by customers at their
premises or by ourselves in our welding laboratories.

It is obvious that a collection like this not by far can cover all situations of
interest but still we are convinced the ESAB Application Handbook can be of
great interest for many welding applications.

It must always be remembered that any WPS used as an actual job
document must be based on the users experience and on own procedure
qualification tests.

Business Area Consumables
Esab AB
GOTEBORG, Sweden



APPLICATION HANDBOOK

Index
Consumable Base metal [Thickness| Welding | Page No
(mm)|  position

Manual Metal Arc Welding

OK Femax 38.65 DH 36 20 2G 1-2
OK Femax 38.85 D38 16 2F 34
OK 48.00 A106 Gr B 7 6G 56
OK 48,00 SS 1412 10 1G 78
OK 48.00 SS 1412 10 2G 8-10
OK 48.08 E 36 32 2G 11-12
OK 48.08 Raex 385P 16 1G 13-14
OK 48.08 Nippon Gr 420-1 100 3G 15-16
OK 53.35 HS 420 Gr 1 20/40 3G down 17-18
OK 73.68 OX 602E 12 2G 19-20
OK 73.68 OX 602E 12 3G 21-22
OK 74.70 EH 36 15 1G 23-24
OK 74.78 JISG 3115-88 50 1G 25-26
OK 76.18 A 335.P11 18 6G 27-28
OK 61.30 SS 2333 13 2G 29-30
OK 61.30 SS 2333 8 2G 31-32
OK 67.53 2205 12 2G 33-34
OK 6753 2205 12 3G 35-36
OK 67.55 2205 12 2G 37-38
OK 67.55 2205 12 3G 39-40
OK 67.72 2205 12 2F 41-42
OK 68.53 Zeron 100 9 1G 43-44
OK 6855 Zeron 100 9 1G 45-46
OK 9255 SA 553-1 (9% Ni) 15 3G 47-48
Submerged Arc Welding

OK Flux 10.70/0K Autrod 12.10 OX 522 10 1G 49-50
OK Flux 10.70/0K Autrod 12,10 OX 522 20 1G 51-52
OK Flux 10.71/0K Tubrod 15.00S AH 36 8 oF 53-54
OK Flux 10,71/0K Tubrod 15.00S AH 36 5/8 2F 55-56
OK Flux 10.81/0K Autrod 12.10 D38 16 2F 57-58
OK Flux 10.62/0K Autrod 12.22 D36 16 1G 59-60
OK Flux 10.62/0K Autrod 12.24 OX 600E 25 1G 61-62
OK Flux 10.62/0K Autrod 12.32 EH 36 25 1G 63-64
OK Flux 10.62/0K Autrod 12,32 EH 36 25 1G 65-66
OK Flux 10.62/0K Autrod 12.32/0K Grain 21.85 EH 36 25 1G 67-68
OK Flux 10.62/0K Autrod 12,32 BS 43860 Gr 50E 62 1G 69-70
OK Flux 10.62/0K Autrod 12.32 4360 Gr 50D 63 1G 71-72
OK Flux 10.62/0K Autrod 12.32 St52-3N 64 1G 73-74
OK Flux 10.62/0K Autrod 12.34 D 36 13 1G 75-76
OK Flux 10.62/0K Autrod 12.34 NVE 36 14 1G 77-78
OK Flux 10.62/0K Autrod 13.27 OX 602E 12 1G 79-80
OK Flux 10.62/0K Autrod 13.27 OX 602E 25 1G 81-82
OK Flux 10.62/0K Autrod 13.27 OX 602E 50 1G 83-84
OK Flux 10.62/0K Autrod 13.27 OX 602E 80 1G 85-86
OK Flux 10.62/0K Autrod 13.27 OX B802E 80 1G 87-88
OK Flux 10.62/0K Autrod 13.43 OX 812EM 29 1G 89-90
OK Flux 10.62/0K Autrod 13.43 OX B12EM 40 1G 91-92
OK Flux 10.62/0K Autrod 13.43/0K Grain 21.87 OX B12EM 40 1G 93-94
OK Flux 10.62/0K Autrod 13.43 OX 812EM 50 1G 95-96
OK Flux 10.62/0K Autrod 13.43 OX 812 EM 60 1G 97-98
OK Flux 10.62/0K Autrod 13.43 A517 GrF-Cr mod 90 16 99-100
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Consumable Base metal | Thickness |Welding | Page No
(mm) | position

Submerged Arc Welding

OK Flux 10.93/OK Autrod 16.53 2205-AH B 2F 101-102
OK Flux 10.93/0K Autrod 16.53 2205-AH 8 2F 103-104
OK Flux 10.93/0K Autrod 16.86 2205 12 1G 105-106
OK Flux 10.93/0K Autrod 16.86 2205 10 1G 107-108
OK Flux 10.93/0K Autrod 16.86 2205 12 1G 109-110
OK Flux 10.93/0OK Autrod 16.86 2205 18 1G 111-112
OK Flux 10.93/0K Autrod 16.86 2205 20 1G 113-114
OK Flux 10.16/0K Autrod 19.82 SA 553-1 (9%Ni) 15 1G 115-116
OK Flux 10.16/0K Autrod 19.82 SA 553-1 (9%Ni) a8 2G 17118

Gas Metal Arc Welding

OK Autrod 13.13 OX B12EM 50 2G 119-120
Metal cored wire

OK Tubrod 14.03 OX 812EM 49 3G 121122
OK Tubrod 14.03 OX B12EM 49 2G 123-124
OK Tubrod 14.03 OX B812EM 49 3G 125-126
OK Tubrod 14.03 OX 812EM 29 2G 127-128
OK Tubrod 14.03 OX 812EM 17 2G 129-130
Basic flux cored wire

OK Tubrod 15.00 DH 36 20 1G 131-132
OK Tubrod 15.00 DH 36 20 2G 133-134
OK Tubrod 15.25 EH 36 20 1G 135-136
OK Tubrod 15.25 EH 36 20 2G 137-138
OK Tubrod 15.26 HY B0 50 139-140
Rutile flux cored wire

OK Tubrod 15.14 DH 36 20 1G 141-142
OK Tubrod 15.14 DH 38 20 2G 143-144
OK Tubrod 15.14 DH 36 20 3G 145-146
OK Tubrod 1517 EH 36 20 1G 147-148
OK Tubrod 15.17 EH 36 20 2G 149-150
OK Tubrod 15.17 EH 36 20 151-152
OK Tubrod 15.18 DH 36 20 1G 153-154
OK Tubrod 14.27 2205 12 2F 155-156
OK Tubrod 14.27 2205 12 3G 157-158
Gas Tungsten Arc Welding

OK Tigrod 16.88 Zeron 100 9 1G 159-160



OK Femax 38.65

Welding Procedure Specification

Welding process : SMAW (111)
Welding consumable :OK Femax 38.65 23.25 and 4.0 mm

Classification : AWS A/SFA 5.1: E 7028
Joint preparation and bead sequence

Material spec. : DH36

Plate thickness : 20 mm

Welding position :2G

Current/polarity : AC+

Root treatment :NA

Restrained : No

Preheat temp.C® :RT

Interpass temp.C® : Max 300

PWHT : NA

Remarks - NA

Backing : OK Backing 2124006000

Welding parameters

Pass Electrode Current Arc voltage ROL Heat input
No @ mm A \'} mm kJ/mm
1 3.25 125-154 26 165 2.0-2.5
2-4 4.0 196-236 31 330 1.4-17
5 4.0 168-217 a3 330 1.3-1.7
6 4.0 189-244 34 330 1.5-1.9
7 4.0 188-226 32 330 1.2-1.4
8-9 4.0 170-229 32 330 1.0-1.7
10-12 3.25 137-174 29 330 1,0-1.2

Welding economy (Data for welding 1m length of the joint)

Arc time : 1.0 hour
Consumption of consumables : OK Femax 38.6503.25 = 1.3 kg
OK Femax 38.6504.0 =25kg

1 piiioze



Mechanical test results ESAB
< DY

Tensile test

Reduced section All weld tensile test CTOD

RAm Location Rel Rm A Z |Temp AW § max weld metal

MPa of fraction MPa MPa % 9 | C° SR mm

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.
%38 location Joule Joule Joule Joule
-40 Weld metal centre line 55 39 30 41
Fusion line 70 60 56 62
Fusion line +3 mm 114 a3 103 103
Hardness test

Chemical analyses, weld metal/ base material,%

Remarks

div-oz2



OK Femax 38.85

Welding Procedure Specification

Welding process : SMAW (111)
Welding consumable : OK Femax 38.85 5.0 mm
Classification : AWS A/SFA 5.1: E 7028
Material spec. . D36 Joint preparation and bead sequence
Plate thickness : 16 mm
Welding position s BF 16
Current/polarity : AC
Root treatment : NA
Restrained : No -
Preheat temp.C® : RT
Interpass temp.C® : Max 300 ab10
PWHT : NA
Remarks . NA 3
151 < 2

Welding parameters
Pass Electrode Current Arc voltage ROL Heat input

No @ mm A \'} mm kJ/mm
1 5.0 272 40 425 2.6
2 5.0 272 40 547 2.0
3 5.0 248 40 420 2.4

Welding economy (Data for welding 1m length of the joint)

Arc time :0.2 hour
Consumption of consumables : OK Femax 38.85 ¢5.0 = 1.4 kg

prit-01a



Mechanical test results ESAB
g

Tensile test

Reduced section All weld tensile test CTOD

Rm Location |Rel Rm A Z |Temp AW & max weld

MPa of fraction | MPa MPa % % [metal

ce SR mm

Charpy V-notch impact values

Temp. Notch st 2nd 3rd Av.
c° location Joule Joule Joule Joule
Hardness test HV10

Location of travers  Side 1 (continius plate)

HAZ - 247-239-254-247-239-243-239-239-233-236-239-251-243
Weld metal : 247-239-254-247-239-243-239-239-233-236-239-251-243
HAZ b 270-236-209-199-181-181

Parent metal: 176

Chemical analyses, weld metal/ base material,%

Remarks

013



OK 48.00

Welding Procedure Specification

Welding process : SMAW (111)
Welding consumable :OK 48.00 82 and 3,25 mm
Classification : AWS A/SFA 5.1: E 7018
Material spec. : A106GrB Joint preparation and bead sequence
Pipe : 7.mm
Welding position : BG
Current/polarity : DC+ 60-70°
Root treatment : NA
Restrained : No
Preheat temp.C°  : Min 50 ! 4/3 =
Interpass temp.C°> : Max 200 |
PWHT : 605 +£20°C o
Holding time: 60min 1-4
Rise: 200°C/hour
Fall: 150°C/hour
Remarks : NA

Welding parameters

Pass  Electrode Current Arc voltage ROL Heat input
No @ mm A Vv mm kJ/mm

1-2 2.0 65-75 22 55

3-4 25 80-85 22 100 1.0-1.1

Welding economy (Data for welding 1m length of the joint)
Arc time : 0.9 hour
Consumption of consumables :OK 48.00 2.0 = 0.5 kg
OK 48.00 2.5 0 = 0.5kg

pli1o12
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Mechanical test results ﬂ

Tensile test

Reduced section All weld tensile test CTOD

Rm Location Rgl Rm A Z |Temp AW  § max weld metal
MPa of fraction MPa MPa % 9% | C° SR mm

514 Base metal

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.
Cc* location Joule Joule Joule Joule
Hardness test HV10

Location of travers Face A FaceB
HAZ - 187 187
HAZ : 184 181
Parent metal: : 160

Chemical analyses, weld metal/ base material,%

Remarks

din-onz



OK 48.00

Welding Procedure Specification

Welding process : SMAW (111)

Welding consumable : OK 48.00 2,5 and 3,25 mm

Classification : AWS A/SFA 5.1: E 7018

Material spec. : 8§ 1412 Joint preparation and bead sequence
Pipe : 10 mm

Welding position : 3G

Current/polarity : DC+

Root treatment : NA

Restrained : No

Preheat temp.C* : Min RT

Interpass temp.C* : Max 350

PWHT : NA { 10
Remarks : NA

Welding parameters
Pass Electrode Current  Arc voltage ROL Heat input

No @ mm A \'} mm kJ/mm
1 2.5 70 22 70 2.0
2 3.25 130 23 150 2.0
3 2.5 85 22 70 2.4

Welding economy (Data for welding 1m length of the joint)

Arc time : 0.85 hour
Consumption of consumables :OK 48.00 925 =0.7 kg
OK 48.00 3.25 = 0.3 kg

pri1-011



Mechanical test results ﬁ
LR

Tensile test

Reduced section All weld tensile test CTOD

Rm Location Rgl RAm A Z |Temp AW & maxweld metal
MPa of fraction MPa MPa % % |C SR mm

430 Base metal

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.
c* location Joule Joule Joule Joule
Hardness test HV10

Location of travers Face A Face B

HAZ : 143-148-152-167 143-145-160-162-168
Weld metal - 175-190-185-180 199-197

HAZ ; 164-162-152-151 180-158-156-150-135

Chemical analyses, weld metal/ base material,%

Remarks

din-om



OK 48.00

Welding Procedure Specification

Welding process : SMAW (111)
Welding consumable :OK 48.00 23.25 and 4.0 mm
Classification : AWS A/SFA 5.1: E 7018
Material spec. : SS 1412 Joint preparation and bead sequence
Plate thickness : 10mm
Welding position : 2G A
Current/polarity : DC+
Root treatment . Grinding
Restrained : No 2.3
Preheat temp.C* : 10 4
Interpass temp.C® : Max 350 | 3
PWHT : NA 7] 1 60
Remarks - NA N 2
1.5
————
A
10

: | -
Welding parameters
Pass Electrode Current Arc voltage ROL Heat input
No e@mm A Vv mm kJ/mm
1-3 4.0 175 24 285 1.4
4 3.25 140 23 375 0.8
5 4.0 175 24 285 1.4

Welding economy (Data for welding 1m length of the joint)
Arc time : 0.44 hour
Consumption of consumables :OK 48.00 83.25 = 0.2 kg
OK 48.00 24.0 =0.8kg

pi1-010
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Mechanical test results %

Tensile test

Reduced section All weld tensile test CTOD

Rm Location Rgl Rm A Z |Temp AW & max weld metal
MPa offracion |MPa MPa % % |C° SR mm

447 Base metal

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.
Cc° location Joule Joule Joule Joule
Hardness test HV10

Location of travers Face A Face B

HAZ - 161-158-167-188-182 216-204-187-155-155

Weld metal 171-180-219-219 206-199

HAZ - 145-138-165-177-188 197-169-169-156-157

Chemical analyses, weld metal/ base material,%

Remarks

d111-010
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OK 48.08

Welding Procedure Specification

Welding process : SMAW (111)

Welding consumable :OK 48.08 @ 3.25, 4.0, 5.0 mm

Classification : AWS A/SFA 5.5: E 7018-G

Material spec. : NVE 36

Plate thickness st I Joint preparation and bead sequence
Welding position : 2G 32

Current/polarity : DC(+) P———

Root treatment : Grinding

Restrained : No

Preheat temp.C® : Min 100
Interpass temp.C® : Max 250
PWHT : NA
Remarks : NA

Welding parameters

Pass Electrode Current  Arc voltage ROL Heat input
No @ mm A \') mm kJ/mm
1-5 3.25 143 22 130 20
2-3 40 180 22 280 1.3
4 4.0 195 22 235 1.7
6-8 40 185 22 186 20
912,16 5.0 250 23 298 1.7
10 5.0 245 23 185 26
11.15 5.0 255 23 244 2.0
13 40 160 22 380 0.9
141718 4.0 175 22 305 1.1

Welding economy (Data for welding 1m length of the joint)
Arc time  :2.1 hour
Consumption of consumables :0K 48.08@23.25 =0.8kg
OK 48.08 24.0 =3.0kg
OK48.08050 =20kg

1 p111-003



Mechanical test results E%B

Tensile test

Reduced section All weld tensile test CTOD

Rm Location Rel- Rm A Z | Temp AW & max weld metal
MPa of fraction MPa MPa % % c° SR mm

Charpy V-notch impact values

Temp. Notch ist 2nd 3rd Av.

c® location Joule Joule Joule Joule

-40 Weld metal centre line 62 80 77 70
Fusion line 52 58 54 55
Fusion line + 2mm 75 34 77 62
Fusion line +5mm 56 65 51 57

Hardness test HV10

Location of travers  1st side 2nd side

HAZ S 264-309-236-229 220-309-350-254-236

Weld metal : 206-206-181-193-187 236-236-220-229-220

HAZ : 193-220-206-240-213 309-274-254-236-206

Chemical analyses, base material,%

G Mn Si Cr Ni Mo Nb Vv Al P S
15 1.26 .46 05 .78 010 027 .0020 .03 010 .006
Remarks

d111-003
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OK 48.08

Welding Procedure Specification

Welding process : SMAW (111)

Welding consumable : OK 48.08 g 3.25, 4.0, 5.0 mm
Classification : AWS A/SFA 5.5: E7018-G

Material spec. : Raex 385P ;

Plate thickness . 18mm Joint preparation and bead sequence
Welding position 116G

Current/polarity : DC(+)

Root treatment ¢ Grinding (/- \?
Restrained : No U T
Preheat temp.C°  : Min 5 bt "fﬁ”
Interpass temp.C® : Max 250 ;

PWHT : NA ¢ 9 >
Remarks . NA - |....2

Welding parameters
Pass Electrode Current  Arc voltage ROL Heat input

No @ mm A \' mm k/mm
1 3.25 130 22 210 1.2
2-3 4.0 190 22 230 1.6
4-8 5.0 250 23 313 1.6
9 4.0 190 22 326 1.2

Welding economy (Data for welding 1m length of the joint)
Arc time :0.85 hour

Consumption of consumables : OK 48.08 3.25 = 0.3kg
OK 48.0824.0 =0.9 kg
OK 48.08 5.0 =1.7 kg

13 pi11-001



Mechanical test results %

Tensile test

Reduced section All weld tensile test CTOD

Rm Location Rel Rm A Z |[Temp AW & max weld metal
MPa of fraction MPa MPa % % (0% SR mm

552 Base metal

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.
c° location Joule Joule Joule Joule
-40 Weld metal centre line 87 109 100 99
-50 Weld metal centre line 63 95 69 76
Hardness test

Chemical analyses, base material, %

Remarks

ari-om
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OK 48.08

Welding Procedure Specification
: SMAW (111)

Welding process
Welding consumable

: OK 48.08 23.25, 4.0 mm

Classification : AWS A/SFA 5.5: E 7018-G
Material spec. + Nippon 420 Gr 1 joint preparation and bead sequence
Plate thickness : 100 mm e seq
Welding position : 3G
Current/polarity : AC
Root treatment : Grinding i
Restrained : Yes
Preheat temp.C*® : Min75
Interpass temp.C® : Max 110 S0
PWHT : NA
Remarks : NA

I;'»- L 100

Y

Welding parameters
Pass Electrode Current  Arc voltage ROL Heat input
No g mm A Vv mm kJ/mm
1 3.25 100 21 88 2.1
2 3.25 125 22 84 28
3 4.0 156 23 203 1.5
4-26 4.0 156 23  115-155 2.1-2.8
27-28 4.0 156 23 190-200 1.6-1.7
29-38 4.0 152-158 23  130-175 1.8-2.5
39-41 4.0 156-170 23-25 120-140 2.3-3.2
42-70 4.0 165-170 23-24  130-165 2.1-2.9
71 4.0 165 23 180 1.9
72-78 4.0 165 23  130-155 2.2-2.6

Welding economy (Data for welding 1m length of the joint)

Arc time
Consumption of consumables

: 13.4 hour
0K 48.08 ¢ 3.25=1.0kg

OK 48.08 2 4.0 =30 kg

15
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Mechanical test results

ESAB

LA

Tensile test

Reduced section All weld tensile test CTOD

Rm Location Regl Rm A Z Temp AW & max weld metal

MPa of fraction MPa MPa % % c° SR mm

577 Base metal | 555 620 22 72 |-10 AW 0.31

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.

c° location Joule Joule Joule Joule

-40 Weld metal centre line 93 69 79 80
Fusion line 148 95 188 144
Fusion line +2 mm 252 174 188 205
Fusion line +5 mm 200 186 52 146
Weld root 104 92 99 98

Hardness test HV5S

Location of travers Face A Face B

Parent metal : 188-183-188 186-192-195

HAZ - 188-190-197-199 202-216-225-227

Weld metal : 202-195-192-199-204-182 197-192-186-175-182-197

HAZ : 214-197-182-178 212-208-201-197

Parent metal : 178-183-190 190-185-185

Chemical analyses, weld metal/ base material,%

Remarks

16
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OK 53.35

Welding Procedure Specification

Welding process : SMAW (111)

Welding consumable : OK 53.35 23.20, 4.0 mm
Classification : AWS A/SFA 5.1: E 7048

Material spec. : HS 420 Gr 1

eioain it B Joint preparation and bead
Welding position : 3G down

Current/polarity : DC+ ﬂ—/\,———.
Root treatment : No 4
Restrained : No

Preheat temp.C*® : Min 50

Interpass temp.C® : Max 200

PWHT : NA

Remarks . NA

Welding parameters

Pass Electrode Current  Arc voltage ROL Heat input
No @ mm A Vv mm kJ/mm
1 3.20 140-141 24 90 2.3-25
2 4.0 185-186 24 210 1.5-1.6
3-8 4.0 207-208 25-27 200 1.7-1.8
9-23 4.0 220-222 25-27 470 0.7-0.9

Welding economy (Data for welding 1m length of the joint)
Arc time : 1.4 hour
Consumption of consumables  : OK 53.35 83.20 = 0.5kg
OK 53.35 4.0 = 3.8kg

pii
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Mechanical test results

=

Tensile test
Reduced section All weld tensile test CTOD
Rm Location Rel Rm A Z Temp AW & max weld metal
MPa of fraction MPa MPa % % ce° SR mm
462 557 26 76
Charpy V-notch impact values
Temp. Notch 1st 2nd 3rd Av.
Ce location Joule Joule Joule Joule
-40 Weld metal centre line 151 159 145 152
Fusion line 165 181 178 176
Fusion line +2 mm 41 101 178 106
Fusion line +5 mm 299 299 299 299
Location of travers Side 1 Side 2
Parent metal : 179-176-176 177-178-180
HAZ - 174-193-198-228-283-297 185-185-197-201-206-210-206
Weld metal 203-182-168-182-203-198 171-170-172
HAZ : 212-213-199-199 237-238-233-202-197-186
Parent metal : 201-201-194 186-179-181

Chemical analyses, weld metal/ base material, %

Remarks

d111-021



OK 73.68

Welding Procedure Specification

Welding process  : SMAW (111)
Welding consumable :OK 73.68 83.25, 4.0 mm

Classification : AWS A/SFA 5.5: E 8018-C1
Material spec. : OX 602E Joint preparation and bead sequence
Plate thickness : 12 mm
Welding position : 2G
Current/polarity : DC+
Root treatment : Grinding
Restrained : No 3 * '
Preheat temp.C° : Min 14 ] ‘Q
Interpass temp.C°® : Max 250 _(“ h "
PWHT : NA 'f Q >
Remarks - NA
12
i

Welding parameters

Pass Electrode Current  Arc voltage ROL Heat input
No @ mm A \' mm kJ/mm
1 3.25 115 22 125 1.7
2-8 4.0 175 23 278 1.4

Welding economy (Data for welding 1m length of the joint)

Arc time : 1.0 hour
Consumption of consumables :0OK 73.68 e 3.25= 0.4 kg
OK 73.68 8 4.0=1.9kg

p111-004
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Mechanical test results ESAB
Ay
Tensile test
Reduced section All weld tensile test CTOD
Rm Locatmp Rgl Rm A Z |Temp AW & max weld metal
MPa of fraction MPa MPa % % c° SR mm
661 Weld metal
Charpy V-notch impact values
Temp. Notch 1st 2nd 3rd Av.
c° location Joule Joule Joule Joule
-40 Weld metal centre line 108 g2 89 96
Fusion line 122 37 103 87
Fusion line + 2mm 137 102 145 128
Fusion line +5mm 166 170 190 175
Hardness test HVS
Location of travers Face A Face B
Parent metal: 237-228-226-221 218-226-212-187
HAZ 3 194-191-207-235-250 181-195-222-260-298-2
Weld metal : 234-228-222-227-227 241-240-245
HAZ y 257-241-208-202 298-283-243-205-188
Parent metal: 214-224-224-221 172-183-191-211

Chemical analyses, weld metal/ base material %

Remarks

111004



OK 73.68

Welding Procedure Specification

Welding process : SMAW (111)

Welding consumable : OK 73.68 83.25 mm

Classification : AWS A/SFA 5.5: E 8018-C1

Material spec. : OX602E Joint preparation and bead sequence
Plate thickness : 12mm

Welding position 1 86

Current/polarity : DC+

Root treatment : Grinding

Restrained : No

Preheat temp.C°® : RT

Interpass temp.C® : Max 250

PWHT : NA 12

Remarks - NA

Welding parameters

Pass Electrode Current Arc voltage ROL Heat input
No @ mm A \') mm kd/m
1 3.25 100 21 83 2.1
2-5 3.25 115 22 139 1.8

Welding economy (Data for welding 1m length of the joint)
Arc time : 1.3 hour
Consumption of consumables :0OK 73.68 83.25 =2.0 kg

P111-005
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Mechanical test results ESAB
L

Tensile test
Reduced section All weld tensile test CTOD
Rm Location Rgl Am A Z Temp AW 6 max weld metal

MPa of fraction MPa MPa % % | C° SR mm

662 Weld metal

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.

(2 location Joule Joule Joule Joule

-40 Weld metal centre line 73 122 100 98
Fusion line 70 77 56 68
Fusion line + 2mm 127 185 153 145
Fusion line +5mm 206 257 158 207

Hardness test HV5

Location of travers Side 1 Side 2

Parent metal : 224-220-225-222 213-211-205-1886l

HAZ - 200-202-213-220-240-245 197-205-214-240-255
Weld metal : 240-217-208-224 226-240-239-232

HAZ - 248-241-218-202-192-194 262-233-232-207-197-190
Parent metal : 220-224-218-221 178-192-211-212

Chemical analyses, weld metal/ base material %

Remarks

@111-005



OK 74.70

Welding Procedure Specification

Welding process : SMAW (111)
Welding consumable :OK 74.70 @4.0 mm
Classification : AWS A/SFA 5.5: E 8016-D3
Material spec. : EH 36 Joint preparation and bead sequence
Plate thickness : 15 mm
Welding position : 1G
Current/polarity : DC+
Root treatment : NA
Restrained : No
Preheat temp.C*° : Min RT
Interpass temp.C® : Max 250 y
PWHT NA L
Remarks : Root pass performed

with OK 53.70 63.25

Welding parameters

Pass Electrode Current Arc voltage ROL Heat input
No @ mm A V mm kJ/mm
1 3.25 96 22 330 0.4
2-10 4.0 160 24 330 1.0

Welding economy (Data for welding 1m length of the joint)

Arc time :0.9 hour
Consumption of consumables  : OK 53.70 23.25 = 0.1 kg
OK 74.70 24.0=1.8 kg
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Mechanical test results

g4
ESAB

e 4
Tensile test
Reduced section All weld tensile test CTOD
Rm Location | RglL Rm A Z |[Temp AW & max weld metal
MPa of MPa MPa % % | C° SR mm
fraction

518 650 32 73
Charpy V-notch impact values
Temp. Notch 1st 2nd 3rd Av.
c° location Joule Joule Joule Joule
-60 Weld metal centre line 51 49 52 51
-20 a7 94 104 98
Hardness test
Chemical analyses, weld metal/ base material %
Remarks
di1-oa7
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OK 74.78

Welding Procedure Specification

Welding process : SMAW (111)
Welding consumable :OK 74.78 @ 4.0 and 5.0 mm

Classification : AWS A/SFA 5.5: E9018-D1
Material spec. : JIS G3115-88 Joint preparation and bead sequence
Plate thickness : S0 mm

Welding position =16
Current/polarity : DC(+)

Root treatment : Grinding
Restrained : Strong backs
Preheat temp.C® : Min 150
Interpass temp.C°® : Max 175
PWHT : NA
Remarks : NA

~_ L
Welding parameters =~ 8-
Pass Electrode Current Arc voltage ROL  Heat input
No @ mm A Vv mm kJ/mm
1-12 5.0 270 24 380 1.6
13-16 4.0 200 23 270 1.6
17-26 50 270 24 330 2.0
27-30 4.0 200 23 240 1.9

Welding economy (Data for welding 1m length of the joint)
Arc time : 2.5 hour
Consumption of consumables : OK 74.78 04.0 = 2.4 kg
OK 74.78 85.0 = 6.5 kg
P111-008
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Mechanical test results ESAB
Tensile test

Reduced section All weld tensile test CTOD

Rm Location Rgl Am A Z |Temp AW § max weld metal
MPa of fraction MPa MPa % 9% |C° SR mm

661 Base metal

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.

c* location Joule Joule Joule Joule

-20 Weld metal centre line 68 1038 89 87
Fusion line 86 76 ii2 91
Fusion line + 2mm 53 220 64 112
Fusion line +5mm 266 288 268 274

Hardness test

Chemical analyses, base material %

Remarks

di11-008



OK 76.18

Welding Procedure Specification

Welding process : SMAW (111)

Welding consumable :OK 76.18 2.0 and 3.25 mm

Classification : AWS A/SFA 5.1: E 8018-B2L

Material spec. : A335P11 Joint preparation and bead sequence
Pipe : 18 mm

Welding position : 6G 60°

Current/polarity : DC+

Root treatment : NA

Restrained : No

Preheat temp.C® : Min 150 ¢ > 18
Interpass temp.C® : Max 350

PWHT : 700°C/1h L

Remarks © NA 23 11 *2—3
Welding parameters

Pass  Electrode Current Arc voltage ROL  Heat input
No @ mm A \' mm kJ/mm
1-3 2.0 55-65 23 85 0.8-0.9
4-10 3.25 95-105 24 168 1.1-1.2

Welding economy (Data for welding 1m length of the joint)
Arc time :2.04 hour
Consumption of consumables : OK 76.18 2.0 = 0.6 kg
OK 76.18 #3.25 = 1.9 kg
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Mechanical test results ESAB
LI

Tensile test

Reduced section All weld tensile test CTOD

Rm Location Regl Rm A Z |[Temp AW & maxweld metal

MPa of fraction MPa MPa o o | C° SR mm

506 Base metal

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.

c® location Joule Joule Joule Joule

Hardness test HV10
Root pass 206
Filler pass 236
Parent metal 151

Chemical analyses, weld metal/ base material %

Remarks

d111-008



OK 61.30

Welding Procedure Specification

Welding process : SMAW (111)
Welding consumable : OK 61.30 2.5 and 3.25 mm
Classification :AWS A/SFA 5.4: E 308L-17
Material spec. . 2333 Joint preparation and bead uence
Plate thickness : 13mm PIEps =
Welding position : 2G 13
Current/polarity : DC+
Root treatment : Grinding
Restrained : No .
Preheattemp.C® : RT 2
Interpass temp.C® : Max 200 ———
PWHT : NA * . % 6
Remarks : NA — >N 5% 60°
\
LEH 8
=

Welding parameters
Pass Electrode  Current  Arc voltage ROL Heat input

No @ mm A Vv mm kJ/mm
1 25 75 29 150 0.5
2-8 3.25 100 30 200 0.8

Welding economy (Data for welding 1m length of the joint)

Arc time :0.7 hour
Consumption of consumables :0K 61.30 225 =0.12 kg
OK 61.30 83.25 = 1.2 kg

POt
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Mechanical test results ESAB
g

Tensile test

Reduced section All weld tensile test CTOD

ﬂ'";a 'c-,fﬂfﬂtit{" ReL Rm A Z [Temp AW & max weld metal

M action  IMpa MPa % % |[C° SR mm

638 Weld metal

Charpy V-notch impact values Size of specimens 8x10 mm

Temp. Notch 1st 2nd 3rd Av.

ce location Jicm? Jlem? Jiem2 Jlem?2

-196 Weld metal centre line 63 68 78 70

Hardness test

Chemical analyses, weld metal/ base material %

Remarks

dn1-014



OK 61.30

Welding Procedure Specification

Welding process : SMAW (111)

Welding consumable :OK 61.30 3.25 and 4.0 mm

Classification : AWS A/SFA 5.4: E 308L-17

Material spec. : 552333 Joint preparation and bead sequence
Plate thickness : Bmm

Welding position : 26

Current/polarity : DC+ 8

Root treatment : NA B

Restrained . No 15

&
:

Preheat temp.C*° : RT

Interpass temp.C° : Max 200

PWHT : NA

Remarks : NA 3-6

Welding parameters

Pass Electrode Current Arc voltage ROL Heat input
No @ mm A Vv mm kJ/mm
i 3.25 100 30 150 1.1
2-3 4.0 150 30 175 1.5

Welding economy (Data for welding 1m length of the joint)

Arc time :0.34 hour
Consumption of consumables :OK 61.30 83.25 = 0.25 kg
OK 61.30 04.0 =0.6kg

pi11:015
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Mechanical test results ESAB
(AT T

Tensile test
Reduced section All weld tensile test CTOD
Rm Location Rgl Rm A 7 |Temp AW & max weld metal
MPa of fraction MPa MPa % % ce SR mm
616 Weld metal
Charpy V-notch impact values Size of specimens 8x6.4 mm
Temp. Notch 1st 2nd ard Av.
ce location Jiem? Jlem?2 Jlem?2 Jiem?2
-196 Weld metal centre line 49 53 49 50
Hardness test

Chemical analyses, weld metal/ base material %

Remarks

d111-015



OK 67.53

Welding Procedure Specification

Welding process : SMAW (111)
Welding consumable :OK 67.53 ©3.25 and 4.0 mm

Material spec. + 2205 Joint preparation and bead sequence
Plate thickness » 12 mm 12

Welding position : 2G

Current/polarity : DC+

Root treatment : NA 7~

Restrained : No

Preheat temp.C”° : AT
Interpass temp.C° : Max 150
PWHT : NA
Remarks : NA

Welding parameters i

Pass Electrode Current  Arc voltage ROL Heat input
No @ mm A Vv mm kJ/mm
1 3.25 61-81 23-24 140 0.6-0.8
2 3.25 100-105 23-32 142 0.9-1.3
3 3.25 100-105 24-30 200 0.7-0.9
4 4.0 123-127 23-28 255 0.7-0.9
5 4.0 120-127 22-32 241 0.7-0.9
6 4.0 120-127 22-31 255 0.6-1.0
7 4.0 123-127 23-28 246 0.7-0.9
B 4.0 123-127 22-31 260 0.7-0.9
9 4.0 112-128 23-24 200 0.8-1.1

Welding economy (Data for welding 1m length of the joint)
Arc time: 0.9 hour
Consumption of consumables: OK 67.53 83.25 = 0.7 kg
OK 67.53 94.0 = 1.3 kg

p111-027

33



Mechanical test results %

Tensile test

Reduced section All weld tensile test CTOD

Rm Location Rel Rm A Z |Temp AW & max weld metal

MPa of fraction MPa MPa % % | € SR mm

Charpy V-notch impact values

Temp. Notch 1st 2nd ard Av.

c* location Joule Joule Joule Joule

-20 Weld metal centre line 39 40 38 39
Fusion line 36 33 29 33
Fusion line +2 mm 76 76 79 77
Fusion line 45 mm 106 g2 93 97

Hardness test

Chemical analyses, weld metal/ base material,%

Remarks

ain-o2r



OK 67.53

Welding Procedure Specification

Welding process : SMAW (111)
Welding consumable : OK 67.53 23.25 mm

Material spec. : 2205 Joint preparation and bead sequence

Plate thickness : 12 mm

Welding position v 3G

Current/polarity : DC(+) 4

Root treatment : NA T

Restrained : No |

Preheat temp.C* 1 RT 1

Interpass temp.C® : Max 150 1QI ¢ 2

PWHT : NA

Remarks : NA 60°
.y ™

Welding parameters

Pass Electrode Current Arc voltage ROL Heat input
No @ mm A v mm kJ/mm
1 3.25 60-63 25-27 80 1.7-1.9
2 3.25 85-107 26-27 67 24-25
3 3.25 86-90 25-26 78 1.8-1.9
4 3.25 B85-80 25-27 58 2.1-2.4

Welding economy (Data for welding 1m length of the joint)
Arc time: 1.2 hour
Consumption of consumables: OK 67.53 ©3.25 = 2.0 kg

pi111-023



Mechanical test results ESAB
- 4
Tensile test
Reduced section All weld tensile test CTOD
Rm Location | Rgl Rm A Z |Temp AW  § max weld metal
MPa of fraction | MPa MPa % % | C° SR mm
Charpy V-notch impact values
Temp. Notch 1st 2nd 3rd Av.
c° location Joule Joule Joule Joule
-20 Weld metal centre line56 57 68 60
Fusion line 78 76 79 78
Fusion line +2 mm 87 71 77 78
Fusion line +5 mm 98 91 89 91
Hardness test
Chemical analyses, weld metal/ base material %
Remarks
a111-023



OK 67.55

Welding Procedure Specification

Welding process : SMAW (111)

Welding consumable : OK 67.55 83.25, 4.0 mm
Classification : AWS A/SFA 5.4: E2209-15
Material spec. : 2205 Joint preparation and bead
Plate thickness : 12 mm

Welding position : 2G 12
Current/polarity : DC(+)

Root treatment : NA

Restrained : No

Preheat temp.C® : RT

Interpass temp.C° : Max 150

PWHT : NA

Remarks : NA

Welding parameters
Pass Electrode Current Arc voltage ROL Heat input

No @ mm A \' mm kJ/mm
1 3.25 82-86 21-24 200 0.6-0.7
2 3.25 99-102 21-25 170 0.9-1.1
3 3.25 98-102 21-26 120 1.2-1.6
4 4.0 128-137 22.25 200 1.0-1.2
5 4.0 128-134 22-27 200 1.0-1.3
6 4.0 127-134 23-28 140 1.5-2.0
7 4.0 118-123 21-24 350 0.5-0.6

Welding economy (Data for welding 1m length of the joint)

Arc time: 0.84 hour
Consumption of consumables: OK 67.55 3.25 = 0.7 kg
OK 67.55 24.0 =1.1kg

pi11-028
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Mechanical test results ESAB
S

Tensile test

Reduced section All weld tensile test CTOD

Rm Location Hpn,z Rm A5 Z |Temp AW & max weld metal

MPa of fraction MPa MPa % % | C° SR mm
650 800 25 50

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.
i location Joule Joule Joule Joule
Hardness test

Chemical analyses, base material %

Remarks

da111-026



OK 67.55

Welding Procedure Specification

Welding process : SMAW (111)

Welding consumable :OK 67.55 ¢3.25 and 4.0 mm
Classification : AWS A/SFA 5.4: E2209-15
Material spec. : 2205 Joint preparation and bead sequence
Plate thickness : 12 mm

Welding position : 3G

Current/polarity : DC(+)

Root treatment : NA

Restrained : No

Preheat temp.C° : RT mI )
Interpass temp.C* : Max 150

PWHT : NA

Remarks : NA

Welding parameters

Pass Electrode Current Arc voltage ROL Heat input
No @ mm A Vv mm kJ/mm
1 3.25 72-78 23 73 1.8-2.1
2-4 4.0 107-113 23 95 2.1-2.2

Welding economy (Data for welding 1m length of the joint)
Arc time: 0.90 hour
Consumption of consumables: OK 67.55 ©3.25 = 0.5 kg
OK 67.55 24.0 = 1.1 kg

pr11-028
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Mechanical test results ESAB
=

Tensile test

Reduced section All weld tensile test CTOD

Am Locatiqn Rel RAm A Z |Temp AW & max weld metal

MPa of fraction | \ipa MPa % % |C° SR mm

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.
c° location Joule Joule Joule Joule
-20 Weld metal centre line 60 53 49 54

Hardness test

Chemical analyses, weld metal/ base material %

Remarks

di1-025



OK 67.72

Welding Procedure Specification

Welding process : SMAW (111)
Welding consumable :OK 67.72 700x@5.0 mm
Classification : AWS A/SFA 5.4: E309 Mo-26
Material spec. : 2205 Joint preparation and bead sequence
Plate thickness : 12 mm
Welding position : 2F
Current/polarity : AC
Root treatment  : NA 12
Restrained : No
Preheat temp.C°® : RT A
Interpass temp.C* NA
PWHT : NA AH
Remarks : NA 4N
- AT
as—

121 ‘L 290m {
Welding parameters
Pass Electrode Current  Arc voltage ROL Heat input
No @ mm A Vv mm kJ/mm
1 5.0 230-240 37 650 2.3-25
2 5.0 250-260 37 650 2325

Welding economy (Data for welding 1m length of the joint)
Arc time: 9 minutes
Consumption of consumables: OK 67.72 700x @5. = 0.9 kg

P11 1024
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Mechanical test results ESAB
e

Tensile test

Reduced section All weld tensile test CTOD

RAm Locatiqn Rp0.2 Rm A5 Z |Temp AW & max weld metal

MPa of fraction MPa MPa % % B SR mm

520 680 35 50

Charpy V-notch impact values

Temp. Notch st 2nd 3rd Av.
c° location Joule Joule Joule Joule
Hardness test

Chemical analyses, weld metal/ base material %

Remarks

a111-024



OK 68.53

Welding Procedure Specification

Welding process : SMAW (111)
Welding consumable : OK 68.53 22.5 and 3.25 mm

Joint preparation and bead sequence

Material spec. - Zeron 100
Pipe : @170x8.7mm
Welding position  : 1G 70°
Current/polarity : DC(-)
Shielding gas : Ar (12litre/min)
Root treatment - NA 53 4
Restrained : No 1 2 9
Preheat temp.C° : RT L
Interpass temp.C°® : Max 100 !
PWHT : NA .3
Remarks : Root pass performed with

OK Tigrod 16.88 @ 2.4 mm
Welding parameters
Pass Electrode Current  Arc voltage ROL Heat input
No @ mm A Vv mm kJ/mm
1 2.4 120-140 21-23 - 1.1-1.2 (TIG)
2-3 25 66-74 21-23 70 0.9-1.0
4-5 3.25 85-95 21-23 100 1.1-1.4

Welding economy (Data for welding 1m length of the joint)

Arc time : 1.0 hour
Consumption of consumables  : OK Tigrod 16.88 2.4 = 0.1kg
OK 68.53 g2.5 =0.4 kg
OK 68.53 83.25 =0.6 kg
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Mechanical test results ESAB
- 4

Tensile test

Reduced section All weld tensile test CTOD

Rm Location Rel Rm A Z |Temp AW & max weld metal

MP& Df fractmn MFE MPa o % Cn SR mm

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.
c° location Joule Joule Joule Joule
-20 Weld metal centre line 50 51 29 43
-40 Weld metal centre line a3 23 24 27
Hardness test

Chemical analyses, weld metal/ base material %

C Mn Si Cr Ni Mo W Cu N 0
BM= 026 .67 .12 25.0 7.26 3,92 .09 A7 22 .008
WR= 021 56 .26 25.4 8.37 3.92 .20 S0 .21 009

Remarks

Ferrite content
Weld topp= FN 52 Weld centre line= FN 48 Weld root= FN 50

di11-018



OK 68.55

Welding Procedure Specification

Welding process : SMAW (111)
Welding consumable : OK 68.55 2.5 and 3.25 mm
Joint preparation and bead sequence

Material spec. : Zeron 100
Pipe : @170x8.7mm 70°
Welding position : 1G
Current/polarity : DC(-)
Shielding gas : Ar (12litre/min) z 7
Root treatment : NA 5 9
Restrained : No { : <
Preheat temp.C* : AT
Interpass temp.C® : Max 100 3
PWHT : NA
Remarks . Root pass performed with

OK Tigrod 16.88 @ 2.4 mm
Welding parameters
Pass Electrode  Current  Arc voltage ROL Heat input
No @ mm A Vv mm kJ/mm
1 2.4 120-140 12-13 50 mm/min)  1.7-2.2 (TIG)
2-3 25 66-74 21-23 70 0.9-1.0
4-5 3.25 85-95 21-23 100 1.1-1.4

Welding economy (Data for welding 1m length of the joint)

Arc time : 1.0 hour

Consumption of consumables
OK 68.55 82.5

OK 68.55 83.25

45

: OK Tigrod 16.88 2.4 = 0.1 kg

=0.4 kg
= 0.6 kg

Pi11-018



Mechanical test results E-SAB
LR

Tensile test

Reduced section All weld tensile test CTOD

Rm Location FIGL Rm A Z |Temp AW & max weld metal

MPa of fraction MPa MPa % % G2 SR mm

700 900 28

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.
c*® location Joule Joule Joule Joule
-20 Weld metal centre line 62 57 b5 58
-40 Weld metal centre line 50 44 44 46
Hardness test

Chemical analyses, base material and weld metal %

C Mn Si Cr Ni Mo W Cu N 0O
BM= 0.26 0.67 0.12 25.0 7.26 392 057 057 022 .008
WR= 022 055 0.26 25.3 8.44 392 020 030 .018 .005
Remarks

Ferrite content:
Weld top= FN 49  Weld centre line= FN 49 Weld root= FN 55

din-ma



OK 92.55

Welding Procedure Specification

Welding process : SMAW (111)

Welding consumable : OK 92.55 3.25 mm

Classification : AWS A/SFA 5.11: E NiCrMo-6

Material spec. : SA 533-1(9% Ni) Joint preparation and bead sequence
Plate thickness : 15mm

Welding position : 3G
Current/polarity : AC
Root treatment : NA
Restrained : No
Preheat temp.C*° : 20
Interpass temp.C® : Max 100
PWHT : NA
Remarks . NA

Welding parameters

Pass Electrode Current  Arc voltage ROL  Heat input
No @ mm A \' mm kJ/mm
1 3.25 71-81 23-25 140-160 0.6-0.9
2 3.25 110-120 22-24 170-190 0.8-1.1
3-8 3.25 100-110 22-24 180-200 0.7-0.9

Welding economy (Data for welding 1m length of the joint)
Arc time: 1.2 hour
Consumption of consumables: OK 92.55 23.25 =1.9 kg

prI-018
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Mechanical test results ﬁ

=
Tensile test
Reduced section All weld tensile test CTOD
Rm Location Rel Rm A Z |Temp AW § weld metal
MPH Uf fl'actlﬂl'l MP& MP& % % C' SH mm
-170 AW 0.46-0.51-0.45
715 Base metal |433 723 56 54
Charpy V-notch impact values
Temp. Notch 1st 2nd 3rd Av.
C° location Joule Joule Joule Joule
-196 Weld metal centre line 114 106 98 106
Fusion line 148 164 156 156
Fusion line +2 mm 288 244 230 254
Fusion line 45 mm 246 238 243 243
Lateral expansion (mm)
-196 C° Weld metal centre lin 1.8 1.7 1.3 1.6
Fusion line1.5 1.6 15 1.5
Fusion line +2 mm 2.0 1.9 1.9 1.9
Fusion line + 5 mm 24 22 2.2 23
Hardness test HV10
Lokation of travers Top side Root side
Base metal : 270-270-270 254-254-254
HAZ - 258-260-294-272-283-287 268-274-272-285-285
Weld metal : 297-322-317 281-274-274-268
HAZ : 317-317-339-297-281-256-251 260-266-268-270
Base metal : 256-256-256 256-254-254

Chemical analyses, weld metal/ base material %

Remarks

d111-016



OK Autrod 12.10

Welding Procedure Specification

Welding process : SAW (121)

Welding consumable

Wire : OK Autrod 12.10 5.0 mm

Flux : OK Flux 10.70

Classification : AWS A/SFA 5.17: F7A4-EL12

Material spec. : OX 522D Joint preparation and bead sequence
Plate thickness : 10 mm

Welding position ~ : 1G ] 1 =8
Current/polarity : DC(+)

Stick out : 30 mm , . | . |
Root treatment : NA B [
Restrained : No 10 : ) ( -
Preheat temp.C® : Min 10 i = |
Interp. temp. C° : NA :

PWHT : NA ccasimmlmri

Remarks : NA

Welding parameters

Pass Current Arc voltage Speed Heat input
No A Volt m/h kJ/mm

1 900 34 37 3.0

Welding economy (Data for welding 1m length of the joint)
Arc time : 2 min.
Consumption of consumables :

Wire : OK Autrod 12.10 5.0 = 0.3 kg

Flux : OK Flux 10.70 =0.4 kg

p12i-007
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Mechanical test results %

Tensile test

Reduced section All weld tensile test CTOD

Rm Location Rgl Bm A Z |Temp AW & max weld metal
MPa of fraction MPa MPa % % c° SR mm

589 Base metal

Charpy V-notch impact values. Specimen size 10x5 mm

Temp. Notch location Min value Max valule Average
C*° Joule Joule Joule

-20 Weld metal centre line 42 45 43
Fusion line 38 54 46
Fusion line + 1mm 40 51 45
Fusion line +3mm 63 69 66
Fusion line + 5 mm 60 63 61
Fusion line + 7 mm 63 68 65
Base metal 64 66 65

Hardness test HV5 max 237 in HAZ

Chemical analyses, base material,%

C Si Mn P S vV Ti Nb Al N

.15 A4 1.46 .012 .018 - - .019 .025 .005

Remarks

@121-007



OK Autrod 12.10

Welding process : SAW (121)

Welding consumable

Wire : OK Autrod 12.10 85 mm
Flux : OK Flux 10.70

Classification : AWS A/SFA 5.17: F7TA4-EL12

Welding Procedure Specification

Material spec. : OX 522 Joint preparation and bead sequence
Plate thickness : 20 mm
Welding position ~ : 1G 60°
Current/polarity : DC(+)
Stick out : 25 mm
Root treatment : NA 2
Restrained : No / 8
Preheat temp.C® : Min 5 ' L BT i
Interp. temp. C° : Max 250 *
PWHT : NA 1
Remarks : NA

wﬂ
Welding parameters
Pass Current Arc voltage Speed Heat input
No A Volt m/h kJ/mm
1 750 34 31 3.0
2 900 36 a7 3.2

Welding economy (Data for welding 1m length of the joint)
Arc time : 3.6 minutes
Consumption of consumables :

Wire : OK Autrod 12.10 85 0 = 0.6 kg

Flux : OK Flux 10.70 =0.8Kkg

pI21-008
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Mechanical test resulis %

Tensile test

Reduced section All weld tensile test CTOD

Rm Location Rl Rm A Z |Temp AW 6 max weld metal

MPa of fraction MPa MPa % LA Ge SR mm

628 Base metal

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.

c*° location Joule Joule Joule Joule

-20 Weld metal centre line Min 39 40
Fusion line Min 50 100
Fusion line + Tmm Min 60 120
Fusion line + 3mm Min 105 138

Hardness test HV10

Max 260

Chemical analyses, base material, %

C Mn Si Nb Al P S
150 1.48 .44 .04 .07 020 020
Remarks

d121-008
52



OK Tubrod 15.00S

Welding Procedure Specification

Welding process : SAW (121)
Welding consumable
Wire : OK Tubrod 15.00S 3.0 mm
Flux : OK Flux 10.71
Material spec. : AH36 Joint preparation and bead sequence
Plate thickness : Bmm
Welding position  : 2F 8
Current/polarity : DC(+) =T 1=
Stick out : 25 mm A
Root treatment : NA 35°
Restrained : No
Preheat temp.C* : Min 10 4N
Interp. temp. C° : NA e
PWHT : NA
Remarks : NA
o}

Welding parameters

Pass Current Arc voltage Speed Heat input
No A Volt m/h kJ/mm
1 650 32 51 1.5

Welding economy (Data for welding 1m length of the joint)
Arc time :1.2 minutes
Consumption of consumables :

Wire : OK Tubrod 15.00S 23.0 = 0.30 kg

Flux : OK Flux 10.71 =0.20 kg

pra1-at
/3



Mechanical test results

Tensile test

Reduced section All weld tensile test
Rm Location Rel Rm A
MPa of fraction

MPa MPa %

i
CTOD

Z | Temp AW & max weld metal
| C° SR mm

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.
Ce location Joule Joule Joule Joule
Hardness test HV10
Location of travers
Base metal : 193
HAZ ? 217
Weld metal : 238-233-228-229
HAZ ~ 229
Base metal : 196
Chemical analyses, base material,%
Remarks
di21-031



OK Tubrod 15.00S

Welding Procedure Specification

Welding process : SAW (121)

Welding consumable

Wire : OK Tubrod 15.00S 3.0 mm

Flux : OK Flux 10.71

Material spec. : AH36 Joint preparation and bead sequence
Plate thickness : 5/8 mm

Welding position : 2F 5
Current/polarity : DC(+) >

Stick out : 25 mm

Root treatment : NA

Restrained : No 35°

Preheat temp. C° : Min 10

Interp. temp. C° : NA 3D
PWHT : NA l
Remarks : NA [ /
8 ¥ = .
|
|
Welding parameters
Pass Current Arc voltage Speed Heat input
No A Volt m/h kJ/mm
1 600 32 60 1.2
Welding economy (Data for welding 1m length of the joint)
Arc time : 1 minute.
Consumption of consumables :
Wire : OK Tubrod 15.00S ¢3.0 = 0.20 kg
Flux : OK Flux 10.71 =0.15 kg
pi21-032
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Mechanical test results

Tensile test

Reduced section All weld tensile test
Rm Location Rel Rm A
MPa of fraction | MPa MPa %

ESAB
o g

CTOD
Z |Temp AW & max weld metal
o | C° SR mm

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.
g location Joule Joule Joule Joule
Hardness test HV10

Location of travers

Base metal : 187

HAZ : 236

Weld metal : 247-249-244-239-231

HAZ : 216

Base metal : 181

Chemical analyses, base material,%

Remarks

di21-032



OK Autrod 12.10

Welding Procedure Specification

Welding process : SAW Twin arc (121)

Welding consumable

Wire : OK Autrod 12.10 2x@2.0 mm

Flux : OK Flux 10.81

Classification : AWS A/SFA 5.17: FTAZ-EL12

Material spec. : NVD 36 Joint preparation and bead sequence
Plate thickness : 16 mm 16

Welding position ] sl

Current/polarity : DC(+) ~

Stick out : 20 mm

Hoot treatment : NA 45N\
Restrained : No :

Preheat temp.C°> : Min 10 7 S
Interp. temp. C° - NA &

PWHT ¢ NA

Remarks : NA I ' 161

Welding parameters

Pass Current Arc voltage Speed Heat input
No A Volt m/h kJ/mm
1 650 32 48 1.6

Welding economy (Data for welding 1m length of the joint)

Arc time :1.3 minutes

Consumption of consumables :
Wire : OK Autrod 12.10 2x 22.0 = 0.2 kg
Flux : OK Flux 10.81 =0.2 kg

pi21-008
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Mechanical test results ESAB
LA

Tensile test

Reduced section All weld tensile test CTOD

Rm Location | RglL Rm A Z |Temp AW  § max weld metal
MPa offraction [Mpa  MPa % % |C° SR mm

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.
c* location Joule Joule Joule Joule
Hardness test HV10

Location of travers Side 1

HAZ . 176-181-178-204-224-243

Weld metal : 224-220-217-220-230-236-233-236-236-239-230

HAZ 3 270-283-217-193-174-176-170

Base metal : 165

Chemical analyses, weld metal/ base material,%

Remarks

d121-008



OK Autrod 12.22

Welding Procedure Specification

Welding process : SAW (121)

Welding consumable

Wire : OK Autrod 12.22 g4 mm

Flux : OK Flux 10.62

Classification : AWS A/SFA 5.17: F7TA8-EM12K

Material spec. : NVD 36 Joint preparation and bead sequence
Plate thickness : 16 mm

Welding position : 1G 60°

Current/polarity : DC(+)

Stick out : 35 mm

Root treatment : NA 4
Restrained : No N\ - "EI
Preheat temp.C* : Min 10

Interp. temp. C° : Max 250 '
PWHT : NA

Remarks : NA

Welding parameters

Pass Current Arc voltage Speed Heat input
No A Volt m/h kJ/mm

1 570 35 36 2.0

2 590 36 36 2.1

3 660 36 36 2.4

Welding economy (Data for welding 1m length of the joint)
Arc time : 4.8 minutes
Consumption of consumables :

Wire : OK Autrod 12.22 24.0 = 0.6 kg

Flux : OK Flux 10.62 =0.7 kg

pi21-no
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Mechanical test results %

Tensile test
SicassEsn All weld tensile test | CTOD
Rm Location R.L Am A 2z |Temp AW & max weld metal
MPa of fraction - ce SR mm
MPa MPa % %
557 Base metal

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.
Cce location Joule Joule Joule Joule
-20 Weld metal centre line 54 81 146 94

Fusion line 60 57 62 60
Fusion line + 1mm 45 47 43 45
Fusion line +3mm 52 56 52 53
Hardness test HV10
Location of travers:  Top side Root region
HAZ g 160-174-176-199-214-212 170-176-181-185-206-209
Weld metal : 206-209-204-209-212-209 204-201-189-201-199-206
HAZ X 220-214-220-217-206-193 212-206-191-181-176-170

Chemical analyses, base material,%

Remarks

di21-0no



OK Autrod 12.24

Welding Procedure Specification

Welding process : SAW (121)
Welding consumable
Wire : OK Autrod 12.24 2.5 mm
Flux : OK Flux 10.62
Classification : AWS A/SFA 5.23: FBAB-EA2-A2
Material spec. : OX B00E Joint preparation and bead sequence
Plate thickness : 25 mm .
Welding position  : 2G
Current/polarity : DC(+)
Stick out : 30 mm
Root treatment : Grinding
Restrained : No
Preheat temp.C* : Min 10
Interp. temp. C° : Max 250
PWHT : NA
Remarks : NA
. 25 -
Welding parameters
Pass Current Arc voltage Speed Heat input
No A Volt m/h kJ/mm
1-5 380 26 28 1.3
6-10 380 26 34 1.0

Welding economy (Data for welding 1m length of the joint)
Arc time : 0.33 hour
Consumption of consumables :

Wire : OK Autrod 12.24 2.5 = 1.5 kg

Flux : OK10.62 =1.0kg

pr2rmz
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Mechanical test results

S

Tensile test

Reduced section All weld tensile test CTOD

Er; Locattqn Rgl Rm A Z |Temp AW & max weld metal

. offraction \ypa  MPa % % |C° SR mm

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.

c° location Joule Joule Joule Joule

-40 Weld metal centre line 88 75 103 89
Fusion line 75 74 67 72
HAZ 70 64 65 66

Hardness test

Chemical analyses, base material, %

Remarks

di21-012



OK Autrod 12.32

Welding Procedure Specification

Welding process : SAW (121)

Welding consumable

Wire : OK Autrod 12.32 g4.mm

Flux : OK Flux 10.62

Classification : AWS A/SFA 5.23: F7TAB-EG-G
Material spec. - EH36 Joint preparation and bead sequence
Plate thickness : 25 mm

Welding position : 1G

Current/polarity : DC{(+)

Stick out : 30 mm,15 mm(root run)

Shielding gas : B0Ar+20C0Op(root run)

Root treatment : Grinding

Restrained : Yes

Preheat temp.C®* : Min 10

Interp. temp. C*® : Max 250

PWHT : NA

Remarks : Root run performed with

OK Tubrod 14.00 1.2 mm

Welding parameters

Pass Current Arc voltage Speed Heat input
No A Volt m/h kJ/mm

1 180 25 7.2 2.3

2 500 26 30 1.6

3 600 28 30 1.7

4-9 600 30 30 22

10-11 600 30 42 1.5

12 600 30 30 2.2

Welding economy (Data for welding 1m length of the joint)

Arc time : 0.49 hour
Consumption of consumables :
Wire : OK Tubrod 14.00 21.2 = 0.3 kg
OK Autrod 12.32 24.0 =2.4 kg
Flux : OK Flux 10.62 =2.0kg

pizi-0za

B3



Mechanical test results ESAB
LN

Tensile test

Reduced section All weld tensile test CTOD

Rm Location Rgl Rm A Z |Temp AW  §max weld metal

MPa of fraction MPa MPa % % | C° SR mm

534 612 254 73

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.
e location Joule Joule Joule Joule
-40 Weld metal centre line 129 126 134 130

Fusion line 32 32 3 32
Fusion line + 2mm 49 40 41 43
Hardness test

Chemical analyses, weld material,%

C Si Mn P S CrNi Mo v Nb Cu
.085 5r 1.59 014 .005 03 01 .006 .005 06
Remarks

di121-023



OK Autrod 12.32

Welding Procedure Specification

Welding process : SAW Tandem(121)
Welding consumable
Wire : OK Autrod 12.32 2x @4.0 mm
Flux : OK Flux 10.62
Classification : AWS A/SFA 5.23: F7A8-EG-G
Joint preparation and bead sequence
Material spec. . EH36 .
Plate thickness : 256 mm -~ 50 e
Welding position . 1G )
Current/polarity : DC(+)
Stick out ;30 mm,15mm(root run)
Shielding gas : BOAr+20C0QOo(root run)
Root treatment : Grinding
Restrained : NA
Preheat temp. C* : Min 10
Interp. temp. C° : Max 250 a
PWHT : NA " o
Remarks : Root run performed with

OK Tubrod 14.00 1.2 mm

556

Welding parameters R A L
Pass Current Arc voltage Speed Heat input
No A Volt m/h kJ/mm
1 180 25 7.2 2.3
2 500 26 30 1.6 Singel
37 1) 600 28 DC(+)

2) 600 32 AC 30 4.3 Tandem
8 600 30 30 2.2 Singel

Welding economy (Data for welding 1m length of the joint)
Arc time : 0.40 hour
Consumption of consumables :
Wire : OK Tubrod 14.00 1.2 = 0.3 kg
OK Autrod 12.32 34.0 = 2.3 kg
Flux :OK Flux 10.62 =2.0kg

p121-024



Mechanical test results E-SAB
e

Tensile test

Reduced section All weld tensile test CTOD
Rm Location Rgl Rm A Z |Temp AW  §max weld metal

MPa of fraction |MPa MPa % % |C° SR mm

577 643 254 73

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.
ce location Joule Joule Joule Joule
-40 Weld metal centre line o8 115 115 109

Fusion line 35 39 36 37
Fusion line + 2mm 24 28 28 27
Hardness test

Chemical analyses, weld material,%

C Si Mn P S Cr N Mo Vv Nb Cu Al Ti
09.32 149 014 005 .03 .03 .21 006 .002 .08 015 .002

Remarks

dr21-0ed



OK Autrod 12.32

Welding Procedure Specification

Welding process : SAW MP (121)

Welding consumable

Wire : OK Autrod 12.32 4.0 mm
Flux : OK Flux 10.62

Metal powder : OK Grain 21.85

Material spec. : EH36 Joint preparation and bead sequence
Plate thickness : 25 mm

Welding position : 1G

Current/polarity : DC(+)

Stick out : 30 mm,15mm (root run)

Shielding gas : BOAr+20COp(root run)

Root treatment : Grinding f
Restrained ¢ NA - 25
Preheat temp.C* : Min 10 [
Interp. temp. C® : Max 250 Y
PWHT : NA

Remarks : Root pass performed with

OK Tubrod 14.00 21.2 mm

Welding parameters

Pass Current  Arc voltage Speed Heat input
No A Volt m/h kJ/mm

1 180 25 7.2 2.3

2 600 30 30 1.3

3 600 32 30 1.3

4 600 32 24 1.7

5-6 600 32 30 1.3

7 600 32 30 2.3

8 600 30 30 2.2

Pass No 2-6 iron powder OK Grain 21.85 is added by 70-80 g/min. This is considered in
the heat input calculation.

Welding economy (Data for welding 1m length of the joint)
Arc time : 0.42 hour
Consumption of consumables
Wire: OK Tubrod 14.00 21.2 = 0.4 kg
OK Autrod 12.32 4.0 = 1.7 kg
Flux:OK Flux 10.62 = 1.6kg
Metal powder: OK Grain 21.85 = 0.8 kg

pi21-025
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Mechanical test results

LA
ESAB
A

Tensile test
Reduced section All weld tensile test CTOD
Elr;a ;;Jfrﬂat;tﬂil;.t Rel Rm A Z|Temp AW  §max weld metal
MPa MPa % %|C° SR mm
512 587 27 73
Charpy V-notch impact values
Temp. Notch 1st 2nd 3rd Av.
G*® location Joule Joule Joule Joule
-40 Weld metal centre line 155 157 162 158
Hardness test
Chemical analyses, weld material,%
C Si Mn P S C N Mo V Nb Cu Al Ti
076 28 1.39 .014 .005 .02 .02 .01 .006 .001 .05 013 .002

Remarks

121025



OK Autrod 12.32

Welding Procedure Specification

Welding process : SAW NG (121)

Welding consumable

Wire : OK Autrod 12.32 24.0

Flux : OK Flux 10.62

Classification : AWS A/SFA 5.23: F7AB-EG-G

Material spec. : BS 4360-Gr 50E Joint preparation and bead sequence

Plate thickness : 62 mm
Welding position : 1G

Current/polarity : DC(+) & |
Stick out : 40 mm
Root treatment : NA :
Restrained : Strong backs | '
Preheat temp. C°  : Min 150 |
7

Interp. temp. C° : Max 250
PWHT : NA
Remarks : NA

18
Backing: Steel bar
Welding parameters
Pass Current Arc voltage Speed Heat input
No A Volt m/h kJ/mm
1-15 550 28 24 2.3
16-18 575 28 24 2.4
19-29 575 28 27 2.1
30-34 575 28 30 1.9
35 575 28 29 2.0

Welding economy (Data for welding 1m length of the joint)
Arc time : 1.4 hour
Consumption of consumables :

Wire : OK Autrod 12.32 4.0 = 8.5 kg

Flux : OK Flux 10.62 =6.3 kg

prai-a22
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Mechanical test results ﬁ

<>
Tensile test
Reduced section All weld tensile test CTOD
Rm Locathn Rgl Rm A Z |Temp AW & max weld metal
MPa of fraction °
MPa MPa % % |C° SR mm
Base metal

Charpy V-notch impact values

Temp. Notch st 2nd 3rd Av.
oo location Joule Joule Joule Joule
-40 Top weld metal centre line 158 83 124 122
Middle weld metal centre line 92 88 92 91
Root weldmetal centre line 126 142 79 116
Root fusion line 170 155 201 175
Hardness test HV10

Chemical analyses, base material,%

Remarks

d121-022
70



OK Autrod 12.32

Welding Procedure Specification

Welding process

: SAW MP (121)

Welding consumable

Wire
Flux

Metal powder

Material spec.
Plate thickness
Welding position
Current/polarity

Stick out

Shielding gas
Root treatment

Restrained

Preheat temp. C°
Interp. temp. C°

PWHT
Remarks

: OK Autrod 12.32 84.0 mm

: OK Flux 10.62
- OK Grain 21.85

40 mm (SAW)

: 95Ar+50,

: Grinding

: Strong backs

: Min 100

: Max 250

: NA

: Root pass performed with

OK Autrod 12.51 21.2mm

: BS 4360-Gr 50D Joint preparation and bead
: 63 mm :

: 1G

: DC(+)

: 15 mm (MAG)

Welding parameters

Pass Current Arc voltage Speed Heat input
No A Volt m/h kJ/mm

1 250 30 12 23

2 480 29 26 1.9

3 560 32 26 25
4-27 640 34 27 1.6
28-31 550 34 26 2.6
32 640 33 26 3.0

Pass NO 4-27 iron powder OK Grain 21.85 added by 100 g/min.This is considered in the

heat input calculation.

Welding economy (Data for welding 1m length of the joint)

Arc time 1.3 hour
Consumption of consumables :
Wire : 0K 12.51 1.2 =0.2 kg
OK Autrod 12.34 4.0 =7.9 kg
Flux : OK Flux 10.62 =16.6 kg
Metal powder : OK Grain 21.85 =7.7kg pi21-041
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Mechanical test results ESAB
e -

Tensile test

E:“Wd seitgﬂm ?lgrald tﬂﬂﬂﬁlﬂlﬂ IBSIA z ggf AW & max weld metal

MPa of fraction

MPa MPa % % | C° SR mm
-10 AW 0.88-0.90-0.89
545 485 27

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.
c* location Joule Joule Joule Joule
-25 Cap, weld metal centre line 136 139 162 146
-40 Cap, weld metal centre line 65 134 125 108
-25 Root, weld metal centre line 96 20 97 94
-40 Root, weld metal centre line 74 66 82 74
Hardness test HV10

Max 252 in HAZ

Chemical analyses, base material,%

Remarks

di21-041



OK Autrod 12.32

Welding Procedure Specification

Welding process : SAW Tandem (121)
Welding consumable
Wire : OK Autrod 12.32 g4.0mm
Flux : OK Flux 10.62
Classification : AWS A/FSA 5.17: F7TA8-EH12K
Material spec. . St 52-3N
Plate thickness : 64 mm
Welding position : 1G ; :
Current/polarity - MAG DC(+) Joint preparation and bead sequence
El. No.1 DC(+)
El. No. 2 AC
Stick out : MAG=15 mm
El. No. 1= 30mm
El. No. 2= 35 mm
Shieding gas : BOAr+20C0O»
Root treatment  : Arc gouging /
Grinding
Restrained . Strong backs
Preheat temp. C* : Min 15
Interp. temp. C*° : Max 150
PWHT : NA
Remarks : Root run perfor- y _',j
med by OK Autrod ™
s — Electrode arrangement

Welding parameters

Pass Current Arc voltage Speed Heat input
No A Volt m/h kJ/mm
1 250 a0 12 2.3 (MAG)
2-9 (1) 600 30
) 600 33 45 3.1
10-21(1) 600 30
(2) 600 30 45 3.1

Welding economy (Data for welding 1m length of the joint)
Arc time : 1.0 hour
Consumption of consumables :
Wire : OK Autrod 12.51 1.0 = 0.35 kg
OK Autrod 12.32 24.0 = 8.8 kg
Flux : OK Flux 10.62 =7.9kg

pi21-a20
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Mechanical test results

e
ESAB
e

Tensile test
gﬂd“mﬂ section All weld tensile test CTOD
M'I:a ;ﬁ;ﬂn Rk Bm A Z |(Temp AW & max weld metal
MPa MPa % % | C° SR mm
=1 & A42-0.
576 (cap) Base metal _?D iﬁ g gg :g_g gg
573 (root) Base metal ’ i '
Temp. Notch ist 2nd 3rd Av.
G location Joule Joule Joule Joule
-40 Weld metal centre line 59
Fusion line 41
Fusion line + 2mm 87
Fusion line +5mm 36
-40 Root Weld metal centre line 109
Fusion line 175
Hardness test

Chemical analyses, base material,%

Remarks

74
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OK Autrod 12.34

Welding Procedure Specification

Welding process : SAW (121)

Welding consumable

Wire : OK Autrod 12.34 5.0 mm

Flux : OK Flux 10.62

Classification : AWS A/SFA 5.23: FBA8-EA 4-A4

Material spec. : NVD36 Joint preparation and bead sequence
Plate thickness : 13 mm

Welding position ;16

Current/polarity : DC(+)

Stick out . 35mm e, S
Root treatment : NA 1
Restrained : No 13 . 2
Preheat temp.C® : Min 10

Interp. temp. C° : Max 250 = i
PWHT : NA

Remarks : NA

Welding parameters

Pass Current Arc voltage Speed Heat input
No A Volt m/h kJ/mm

1 625 32 34 2.1

2 750 32 34 2.5

Welding economy (Data for welding 1m length of the joint)

Arc time : 4 minutes

Consumption of consumables :
Wire : OK Autrod 12.34 25.0 = 0.5 kg
Flux : OK Flux 10.62 =0.5kg

pizi-026
i



Mechanical test results ESAB
<T

Tensile test

Reduced section All weld tensile test CTOD

Rm Location Rel Rm A Z Temp AW & max weld metal

MPa of fraction

MPa MPa % % | C SR mm
529 Base metal

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.
c* location Joule Joule Joule Joule
-20 Weld metal centre line 43 40 41 41
Fusion line 29 45 34 36
Fusion line + 2mm 57 32 54 48
Fusion line +5mm 48 52 52 51
Hardness test HV10
Weld top Root region
HAZ . 160-170-165-181-199-199 165-170-170-193-199-199
Weld metal: 228-228-228-206-228-206 199-199-206-206-213-220
HAZ - 199-199-170-160-160 220-220-228-213-170-160

Chemical analyses, base material,%

Remarks

d121-026



OK Autrod 12.34

Welding Procedure Specification

Welding process : SAW (121)

Welding consumable

Wire : OK Autrod 12.34 5.0 mm

Flux : OK Flux 10.62

Classification : AWS A/SFA 5.23: FBAS-EA 4-A4

Material spec. : NVE36 Joint preparation and bead sequence
Plate thickness : 14 mm

Welding position : 1G

Current/polarity : DC(+)

Stick out : 35 mm

Root treatment : NA

Restrained : No e
Preheat temp. C®* : Min 10 2

Interp. temp. C° : Max 250 14 ~

PWHT : NA 1

Remarks : NA s I
Welding parameters

Pass Current Arc voltage Speed Heat input
No A Volt m/h kJ/mm
1 700 36 36 25

2 800 36 36 32

Welding economy (Data for welding 1m length of the joint)

Arc time : 4 minutes
Consumption of consumables :
Wire : OK Autrod 12.34 5.0 = 0.5 kg
Flux : OK Flux10.62 =0.7 kg
ma1-a2r
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Mechanical test results ESAB
LN

Tensile test

Reduced section All weld tensile test CTOD

Rm Location Rgl Rm A Z |Temp AW & max weld metal
MPa offraction [mpa MPa % 9% | C° SR mm

530 Base metal

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.

C® location Joule Joule Joule Joule

-40 Weld metal centre line 61 70 71 67
Fusion line 34 28 37 33
Fusion line + 2mm 28 49 49 42
Fusion line + 5Smm a3 44 28 55

Hardness test HV5

Location of travers

HAZ 4 210-210-205-230-230

Weld metal : 235-235-240-240-230

HAZ 3 220-195

Chemical analyses,weld metal%

c Mn Si P S Mo Nb Al
0.12 1.39 0.35 0.015 0013 0.15 0.017 0.020

Remarks

di21-027
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OK Autrod 13.27

Welding Procedure Specification

Welding process : SAW (121)
Welding consumable
Wire : OK Autrod 13.27 24.0 mm
Flux : OK Flux 10.62
Classification : AWS A/SFA 5.23: FBA10-ENi2-Ni2
Material spec. : OX 602E Joint preparation and bead sequence
Plate thickness : 12 mm
Welding position =16
Current/polarity : DC(+)
Stick out : 30 mm
Root treatment : NA
Restrained : No
Preheat temp.C® : Min 15
Interp. temp. C° : Max 250 1
PWHT : NA 12 I ' \<
Remarks : NA 2
|
Welding parameters
Pass Current Arc voltage Speed Heat input
No A Volt m/h kJ/mm
1 675 29 40 1.8
2 675 29 40 1.8

Welding economy (Data for welding 1m length of the joint)

Arc time : 3 minutes

Consumption of consumables :
Wire : OK Autrod 13.27 4.0 = 0.5 kg
Flux : OK Flux 10.62 =0.4 kg

pI21:014
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Mechanical test results E%B

Tensile test

Reduced section _ All weld tensile test CTOD

Rm Location Rel ARm A 2 Temp AW & max weld metal
MPa of fraction MPa MPa % % c* SR mm

668 Weld metal

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.

ce location Joule Joule Joule Joule

-40 Weld metal centre line 37 38 29 35
Fusion line 57 77 78 71
Fusion line + 2mm 151 142 146 146
Fusion line +5mm 209 178 222 203

Hardness test HV5

Location of travers Face A Facde B

Base metal : 225-225-225 225-222-221
HAZ : 217-190-217 200-185-212
Weld metal : 221-222-223 222-223-220
HAZ - 217-204-186 223-206-186
Base metal : 216-220-222 216-222-223

Chemical analyses, base material,%

Remarks

d121-014



OK Autrod 13.27

Welding Procedure Specification

Welding process : SAW (121)

Welding consumable

Wire : OK Autrod 13.27 24.0 mm

Flux : OK Flux 10.62

Classification : AWS A/SFA 5.23: FBA10-ENi2-Ni2
Material spec. : OX B02E Joint preparation and bead sequence
Plate thickness : 25 mm

Welding position : 1G

Current/polarity : DC(+) 70°
Stick out : 30 mm \(" ‘7
Root treatment ¢ NA

Restrained : No

Preheat temp.C*  : Min 21 6

Interp. temp. C° : Max 100

PWHT : NA 25

Remarks : NA ) l

A 707

Welding parameters

Pass Current Arc voltage Speed Heat input
No A Volt m/h kJ/mm

1-2 675 28 30 2.3

3-8 675 30 36 2.0

Welding economy (Data for welding 1m length of the joint)

Arc time : 0.23 hour

Consumption of consumables :
Wire : OK Autrod 13.27 24.0 = 2.1 kg
Flux :OK Flux 10.62 =1.8kg

p121-015
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Mechanical test resuits E-SAB
. 4

Tensile test

Reduced section All weld tensile test CTOD

Rm Location Rel Rm A Z |Temp AW & max weld metal
MPa  offfaction | vps  MPa % % |C° SR mm

690 Base metal

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.

c° location Joule Joule Joule Joule

-40 Weld metal centre line 80 86 70 72
Fusion line 110 80 75 88
Fusion line + 2mm 61 74 80 72
Fusion line +5mm 95 110 114 106

Hardness test HVS

Location of travers Face A Face B

Base metal : 223-221-216-212-218 225-221-223-2209-232

HAZ . 214-209-232-329-321 210-204-229-280-283

Weld metal : 262-252-254-237-252 244-237-234-241-237

HAZ - 310-329-358-341-277 289-306-325-310-262

Base metal ; 225-227-229-223 221-221-221-227-221

Chemical analyses, base material,%

Remarks

a1-015



OK Autrod 13.27

Welding Procedure Specification

Welding process : SAW (121)

Welding consumable

Wire : OK Autrod 13.27 4.0 mm

Flux : OK Flux 10.62

Classification : AWS A/SFA 5.23: FBA10-ENi2-Ni2
Material spec. : OX 602E Joint preparation and bead sequence
Plate thickness : 50 mm

Welding position : 1G

Current/polarity : DC(+)

Stick out : 30 mm

Root treatment : NA

Restrained : No

Preheattemp.C®* : Min 15

Interp. temp. C° : Max 100

PWHT . NA

Remarks : NA

Welding parameters

Pass Current Arc voltage Speed Heat input
No A Volt m/h kJ/mm

1-2 650-700 28 30 2223
3-26 650-700 30 36 2.0-2.1

Welding economy (Data for welding 1m length of the joint)
Arc time : 0.73 hour
Consumption of consumables :

Wire : OK Autrod 13.27 4.0 = 6.6 kg

Flux : OK Flux 10.62 =5.6kg

p121-018



_ e
Mechanical test results ESAB
AR
Tensile test
Reduced section All weld tensile test CTOD
Rm Location Rel Rm A Z |Temp AW & max weld metal

MPa of fraction MPa MPa % % | C° SR mm

681 Weld metal

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.

c* location Joule Joule Joule Joule

-40 Weld metal centre line 116 126 126 123
Fusion line 80 68 80 76
Fusion line + 2mm 132 118 112 121
Fusion line +5mm 90 B8O a5 88

Hardness test HV5

Location of travers Face A Facde B

Base metal : 265-262-271-265-244 260-260-262-268-271

HAZ g 239-252-303-336-371 212-225-260-325-345

Weld metal : 269-257-265-260-268 248-257-241-260-254

HAZ L 358-349-345-353-296 257-260-306-310-299

Base metal : 262-268-274-271-268 249-262-260-262-257

Chemical analyses, base material, %

Remarks

-6



OK Autrod 13.27

Welding Procedure Specification

Welding process : SAW NG (121)
Welding consumable
Wire : OK Autrod 13.27 3.0 mm
Flux : OK Flux 10.62
Classification : AWS A/SFA 5.23: FBA10-ENi2-Ni2
Joint preparation and bead sequence
Material spec. : OX 602E 22
Plate thickness : 80 mm st
Welding position : 1G
Current/polarity : DC(+)
Stick out : 30 mm
Root treatment : Grinding
Restrained : Strong backs
Preheat temp.C®* : Min 100
Interp. temp. C* : Max 190 80
PWHT : NA
Remarks ¢ NA
Welding parameters 18,
Pass Current Arc voltage Speed Heat input
No A Volt m/h kd/mm
1-2 435 27 27 1.6
3-44 465 27 27 1.7
45-51 465 27 27 1.F

Welding economy (Data for welding 1m length of the joint)
Arc time : 1.9 hour
Consumption of consumables :

Wire : OK Autrod 13.27 23.0 = 13 kg

Flux : OK Flux 10.62 =9kg

piZ1-017
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Mechanical test results %

Tensile test
Reduced section All weld tensile test CTOD
Rm Location Rel Rm A Z |Temp AW & max weld metal
MPa of fraction | ppa MPa % % | C° SR mm

-10 AW 1.18,1.04,1.08
680 Weld metal

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.

c° location Joule Joule Joule Joule

-40 Weld cap, centre line 20 112 109 104
Fusion line 69 82 55 69
Fusion line + 2mm 94 116 108 106
Fusion line +5mm 101 75 122 99

-40  Weld root,centre line 96 113 118 109
Fusion line 110 67 120 99
Fusion line +2 mm 155 158 153 155
Fusion line +5 mm 126 134 116 125

Hardness test HV10

Location of travers Cap, 1mm below surface Root, 1 mm below surface

HAZ : 272-274-290-272-283-285 287-270-224-290-279-276

Weld metal : 272-220-206-225-213-232 225-225-232-232-233-243

HAZ : 270-297-297-240-237-222 255-290-285-247-227-242

Chemical analyses, base material, %

Remarks

ai21-07



OK Autrod 13.27

Welding Procedure Specification

Welding process : SAW NG (121)
Welding consumable
Wire : OK Autrod 13.27 3.0 mm
Flux : OK Flux 10.62
Classification : AWS A/SFA 5.23: F8P10-ENi2-Ni2
Material spec. : OX 602E Joint preparation and bead sequence
Plate thickness : BO mm 22_,
Welding position : 1G
Current/polarity : DC(+)
Stick out : 30 mm
Root treatment : Grinding
Restrained : Strong backs
Preheat temp. C* : Min 100
Interp. temp. C° : Max 190
PWHT : 600°C, 4 h 80
Remarks : NA
45
Welding parameters 18
Pass Current Arc voltage Speed Heat input
No A Volt m/h kJ/mm
1-2 435 27 27 1.6
3-44 465 27 27 1.7
45-51 465 27 27 1.7

Welding economy (Data for welding 1m length of the joint)

Arc time : 1.9 hour

Consumption of consumables :
Wire : OK Autrod 13.27 23.0 = 13 kg
Flux : OK Flux 10.62 =9kg

p121-018
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Mechanical test results ESAB
s gy

Tensile test
Reduced section All weld tensile test CTOD
Rm Location |RglL BRm A Z |Temp AW & max weld metal
MPa of fraction | pipa MPa % % | C° SR mm

-10 SR 1.05,1.02,1.01
655 Weld metal

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.

c° location Joule Joule Joule Joule

-40 Weld cap, centre line96 113 118 109 113
Fusion line 110 67 120 99
Fusion line + 2mm 155 158 153 155
Fusion line +5mm 126 134 116 125

Hardness test HV10

Location of travers ~ Cap, 1mm below surface Root, 1 mm below surface

HAZ - 213-198-245-259-270-283 232-294-216-247-254-253

Weld metal : 230-224-206-215-213-219 219-213-220-222-220-228

HAZ . 266-264-245-205-198-243 272-266-225-209-197-243

Chemical analyses, base material,%

Remarks

d121-018



OK Autrod 13.43

Welding Procedure Specification

Welding process : SAW (121)
Welding consumable
Wire : OK Autrod 13.43 ¢ 4.0 mm
Flux : OK Flux 10.62
Classification : AWS A/SFA 5,23: F11A8-EG-G
Joint preparaton and bead sequence

Material spec. : OX812EM
Plate thickness : 29 mm
Welding position  : 1G 60°
Current/polarity . DC(+),(DC-)1
Stick out : 30 mm, (20 mm)? 18
Shielding gas : BOAr+20CO,(root runs) 1
Root treatment : Gouged and grinded : o9
Restrained : No :
Preheat temp. C° : Min 130
Interp. temp. C° : Max 200 y
PWHT : NA 5
Remarks : 1). Root runs 1-3 per- — .

formed by OK Tubrod
14.03 1.2 mm
Welding parameters
Pass Current Arc voltage Speed Heat input
No A Volit m/h kJ/mm
1 140-160 19 (DC-) 8.4 1.1-1.3
2-3 165-185 24 (DC-) 13 1.1-1.3
4-13 570-630 30 (DC+) 21 29-3.2
14 570-630 30 (DC+) 24 2.6-2.8
15-18 570-630 30 (DC+) 21 29-3.2

Welding economy (Data for welding 1m length of the joint)

Arc time : 1.0 hour

Consumption of consumables :

Wire : OK Autrod 13.43 24.0 =5.4 kg

Flux : OK Flux 10.62 =4.7 kg

Cored Wire : OK Tubrod 14.03 21.2 = 0.8 kg P121-003
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Mechanical test results

-

Tensile test
Reduced section All weld tensile test
Am Location Rel Rm A Z | Temp AW & max weld metal
MPa of fraction | ppa MPa % % mm
787 Base metal | 856 922 17
Charpy V-notch impact values
Temp. Notch 1st 2nd 3rd Av.
ce location Joule Joule Joule Joule
-40 Weld metal centre line 95 81 91
Fusion line 66 66 69
Fusion line +3 mm 109 111 103 108
Hardness test HV10
Location of travers Top side 1 Root
HAZ 358-371-358 265-265-265
Weld metal 362-336-353 303-325-277
HAZ : 310-362-367 293-280-257
Parent metal : 265
Chemical analyses, weld metal/ base material,%
Remarks
d121-003



OK Autrod 13.43

Welding Procedure Specification

Welding process : SAW (121)
Welding consumable
Wire : OK Autrod 13.43 4.0 mm
Flux : OK Flux 10.62
Classification : AWS A/FSA 5.23: F11A8-EG-G
Material spec. : OX B12EM Joint preparation and bead sequence
Plate thickness : 40 mm -
Welding position : 1G
Current/polarity : DC(+) ‘(/ \7
Stick out : 30 mm
Root treatment . Grinding A 1~0
Restrained : No *
Preheat temp. C°  : Min 75 ;
Interp. temp. C° : Max 250 40 N 5
PWHT : NA « *
Remarks : NA
6
! 9
\-.. 70° .-j
Welding parameters
Pass Current Arc voltage Speed Heat input
No A Volt m/h kJ/mm
1 600 30 30 2.2
2 800 30 30 2.9
3 800 30 36 2.4
4-9 800 30 30 2.9
10-13 800 30 30 2.9

Welding economy (Data for welding 1m length of the joint)
Arc time :0.43 hour
Consumption of consumables :

Wire : OK Autrod 13.43 24.0 = 3.9 kg

Flux : OK Flux 10.62 =3.3kg

P121-004

91



Mechanical test results ESAB
g 4

Tensile test

Reduced section All weld tensile test CTOD

E!; iafﬂgaté?ﬂ Rel Rm A Z |Temp AW  § max weld metal

. acton IMPa MPa % % [C° SR mm

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.
c° location Joule Joule Joule Joule
-40 Weld metal centre line 71 84 76 77
Fusion line 63 54 48 55
Fusion line + 2mm 46 67 72 62
Fusion line +5mm 95 118 137 117
Hardness test

Chemical analyses, base material,%

C Mn Si Cr Ni Mo v B P S
11 .89 £ w - .40 - 002 .0186 .004
Remarks

d121-004



OK Autrod 13.43

Welding Procedure Specification

Welding process : MP SAW (121)

Welding consumable

Wire : OK Autrod 13.43 4.0 mm
Flux : OK Flux 10.62

Metal powder : OK Grain 21.87

Joint preparation and bead sequence

Material spec. : OX 812EM

Plate thickness : 40 mm

Welding position : 1G

Current/polarity : DC(+)

Stick out : 30 mm

Root treatment : NA

Restrained : No

Preheat temp.C* : Min 10

Interp. temp. C° : Max 250

PWHT : NA

Remarks : Metal powder is added to each
pass by 8 kg/h. This is consi-

dered in the heat in put cal-
culation.

Welding parameters

Pass Current Arc voltage Speed Heat input
No A Volt m/h kJ/mm

1 750 31 36 1.2

2 750 36 36 1.4

3 800 28 36 1.2

4-6 750 36 36 1.4

7-8 750 36 36 1.4

Welding economy (Data for welding 1m length of the joint)

Arc time : 0.3 hour
Consumption of consumables :
Wire : OK Autrod 13.43 24.0 = 2.0 kg
Flux : OK Flux 10.62 =2.0kg
Metal powder : OK Grain 21.87 =1.7kg

pi121-005
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Mechanical test results ﬁ
<SR

Tensile test

Reduced section All weld tensile test CTOD

Rm Location Rgl Rm A Z |Temp AW & max weld metal

MPa of fraction | MPa MPa % % | C° SR mm

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.
ce location Joule Joule Joule Joule
-40 Weld metal centre line 66 61 52 60
Fusion line 93 98 97 96
Fusion line + 2mm 81 81 86 83
Fusion line +5mm 85 89 89 a1
Hardness test

Chemical analyses, base material,%

C Mn Si Mo B P S
0.11 0.89 0.27 0.40 0.002 0.016 0.004

Remarks

d121-005



OK Autrod 13.43

Welding Procedure Specification

Welding process : SAW (121)

Welding consumable

Wire : OK Autrod 13.43 24.0 mm

Flux : OK Flux 10.62

Classification : AWS A/SFA 5.23: F11A8-EG-G

Material spec. : OX 812EM Joint preparaton and bead sequence
Plate thickness : 50 mm 70°

Welding position : 1G
Current/polarity : DC(+)

Stick out : 30 mm
Root treatment : No l
Restrained : No

Preheat temp. C®* : Min 150

Interp. temp. C° : Max 250

PWHT : NA

Remarks . NA 50

|

Welding parameters

Pass Current Arc voltage Speed Heat input
No A Volt m/min kJ/mm

1 660-740 30 0.60 1.8-2.4

2-6 620-680 30 0.50 2.1-2.6

T 740-810 28 0.50 2.4-28
8-30 620-680 30 0.50 2.1-2.6

Welding economy (Data for welding 1m length of the joint)
Arc time : 1.0 hour
Consumption of consumables

Wire :OK Autrod 13.43 2 4.0=7.4 kg

Flux :OK Flux 10.62 =6.3 kg

pi21-001

95



Mechanical test results EﬁB

Tensile test

Reduced section All weld tensile test | CTOD

Rm  Location Rk Rm A Z Temp AW & max weld metal

MPa of fraction MPa MPa % % Ce SR mm

795 Base metal 717 BO3 20 7O

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.

Cc° location Joule Joule Joule Joule

-20 Weld metal centre line 90 106 88 95
Fusion line 162 130 158 150
Fusion line +3 mm 191 171 183 182

-51 Weld metal centre line 52 54 42 49
Fusion line 97 101 97 98
Fusion line + 3 mm 72 87 110 90

Hardness test HV5S

Location of travers Top side 1 Root Top side 2

HAZ : 362-396-391 313 391-371-353

Weld metal : 286-290-289 286 283-274-277

HAZ : 391-386-353 306 280-286-303

Parent metal : 299 254 289

Chemical analyses, weld metal/ base material,%

Remarks

d121-001



OK Autrod 13.43

Welding Procedure Specification

Welding process : SAW NG (121)
Welding consumable

Wire : OK Autrod 13.43 @ 4 mm
Flux : OK Flux 10.62
Classification : AWS A/FSA 5.23:F11A8-EG-G
Material spec. . OX B12EM Joint preparaton and bead sequence
Plate thickness ~ : 60 mm 20 Do
Welding position : 1G Side No 2
Current/polarity : DC(+)
Stick out : 30 mm ‘
Root treatment : Machined
Restrained : No
Preheat temp. C* : Min 150
Interp. temp. C° : Max 250
PWHT : NA 60
Remarks : NG-groove machined
when side No 1 is wel-
ded.
ZSNECLR
8 5
90° Side No 1
Welding parameters
Pass Current Arc voltage Speed Heat input
No A Volt m/min kJ/mm
1-6 650 30 0.6 1.95
7-29 650 30 0.6 1.95
30-37 550 29 0.6 1.60
38-41 550 29 0.7 1.40
Welding economy (Data for welding 1m length of the joint)
Arc time : 1.2 hours
Consumption of consumables
Wire :OK Autrod 13.43 04.0=8.8kg
Flux OK Flux 10.62 =7.5kg
p121-002
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Mechanical test results

Tensile test

Reduced section All weld tensile test CTOD
Rm Location Rel Rm Temp AW  § max weld metal

A Z
MPa  of fraction MPa MPa 9% 9 |C SR mm

797 Base metal 741 787 20 62

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.

c° location Joule Joule Joule Joule

-20 Weld metal centre line 100 102 100 101
Fusion line 118 138 66 107
Fusion line +3 mm 131 96 186 138

-51 Weld metal 64 64 64 64
Fusion line 75 71 50 65
Fusion line + 3 mm 331 176 172 127

Note 1: Retested. Average= 176 Joule

Hardness test HV 5

Location of travers
HAZ

Weld metal

HAZ

Parent metal

Chemical analyses, weld metal/ base material,%

Remarks

Top side 1
345-345-313
268-274-280
345-371-341
277

Top side 2

367-371-371
310-317-303
386-386-401

d121-002



OK Autrod 13.43

Welding Procedure Specification

Welding process : SAW NG (121)
Welding consumable
Wire : OK Autrod 13.43 3.0 mm
Flux : OK Flux 10.62
Classification : AWS A/FSA 5.23: F11A8-EG-G

Joint preparation and bead
Material spec. 1 A517 GrF-Cr modif. 23
Plate thickness : 90 mm
Welding position  : 1G | =
Current/polarity : DC(+)
Stick out ¢ 30 mm
Root treatment : Grinding
Restrained : Strong backs
Preheat temp. C* : Min 150
Interp. temp. C* : Max 200 90
PWHT : NA
Remarks : NA
Welding parameters L
Pass Current Arc voltage Speed Heat input
No A Volt m/h kJ/mm
1-2 425 28 24 1.8
3-64 475 28 24 2.0
65-66 475 30 24 2.1
67-71 475 30 24 2.1

Welding economy (Data for welding 1m length of the joint)

Arc time : 3.0 hour

Consumption of consumables :
Wire : OK Autrod 13.43 3.0 = 18.9 kg
Flux :OK Flux 10.62 =14.3 kg

piZ1-008



Mechanical test

Tensile test

Reduced section
RAm Location
MPa of fraction

842 Weld metal

results

All weld tensile test
Rk Rm A

MPa MPa %

a—
CTOD

Z Temp AW & max weld metal
% | C° SR mm

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.

c* location Joule Joule Joule Joule

-40 Cap, weld metal centre line 81 81 74 79
Fusion line 74 59 62 65
Fusion line + 2mm 154 151 169 158
Fusion line +5mm 142 158 160 153

-40 Root, weld metal centre line 68 69 71 69
Fusion line 97 93 61 84
Fusion line + 2 mm 115 115 112 114
Fusion line + 5 mm 161 143 165 156

Hardness test HV10

Location of travers Cap Root

HAZ : 243-292-322-378-350-363 254-279-327-385-383-387

Weld metal : 287-297-285-283-266-274 317-287-283-287-274-287

Haz : 301-363-383-339-287-274 363-357-354-297-279-254

Chemical analyses, base material,%

C Mn Si
J3 1.08 37

Remarks

Cr Ni Mo
51 1.2 45

100

Cu V B P S
18 .04 003 .005 .004

@121-008



OK Autrod 16.53

Welding Procedure Specification

Welding process : SAW (121)
Welding consumable
Wire : OK Autrod 16.53 3.0 mm
Flux : OK Flux 10.93
Material spec. : 2205-AH Joint preparation and bead sequence
Plate thickness : 12/8 mm 8
Welding position : 2F il
Current/polarity : DC(+) A
Stick out : 30 mm =
Root treatment : NA 35 AH
Restrained : No
Preheattemp.C®* : RT 4N
Interp. temp. C° . NA
PWHT : NA
Remarks : NA i
121 B 2205 3
Welding parameters
Pass Current Arc voltage Speed Heat input
No A Volt m/h kJ/mm
1 480-520 29-33 36 1.4-1.7

Welding economy (Data for welding 1m length of the joint)
Arc time :1.8 minutes
Consumption of consumables :

Wire : OK Autrod 16.53 @ 3.0 = 0.20 kg

Flux :OK Flux 10.93 =0.10 kg

plat-oas
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Mechanical test results ESAB
LS

Tensile test

Reduced section All weld tensile test CTOD

Am Location Rgl Rm A Z |Temp AW 5 max weld metal

MPa of fraction | MPa MPa % 9% | C° SR mm

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.

e location Joule Joule Joule Joule

Hardness test

Chemical analyses, weld metal/ base material,%

Remarks
Ferite content

Weld metal FN: 6.3, 7.7, 9.5, 8.5, 7.9

FN 8 average

102
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OK Autrod 16.53

Welding Procedure Specification

Welding process : SAW Twin arc (121)
Welding consumable
Wire : OK Autrod 16.53 2x ©2.0
Flux : OK Flux 10.93
Material spec. : 2205-AH Joint preparation and bead sequence
Plate thickness : 12/8 mm 8
Welding position : 2F =i =
Current/polarity : DC(+)
Stick out : 25 mm A
Root treatment : NA 35° AH
Restrained : No
Preheat temp.C® : RT an
Interp. temp. C° : NA 2w
PWHT : NA
Remarks : NA 5505
2] 3 b
Welding parameters
Pass Current Arc voltage Speed Heat input
No A Volt m/h kJ/mm
1 540-570 209-33 42 1.4-1.6
Welding economy (Data for welding 1m length of the joint)
Arc time : 1.5 minutes
Consumption of consumables :
Wire : OK Autrod 16.53 2x@2.0 = 0.14 kg
Flux : OK Flux 10.93 =0.10 kg
p121-034
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Mechanical test results %

Tensile test

Reduced section All weld tensile test CTOD

Rm Location Rgl Rm A Z |Temp AW § max weld metal
MPa of fraction | MPa MPa % % | C° SR mm

Charpy V-notch impact values

Temp. Notch st 2nd 3rd Av.
c* location Joule Joule Joule Joule
Hardness test

Chemical analyses, weld metal/ base material,%

Remarks

Ferrite content
Weld metal FN: 17.5, 16.0, 17.4, 16.6, 17.5
FN 17 average
d121-034
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OK Autrod 16.86

Welding Procedure Specification

Welding process

: SAW Tandem (121)

Welding consumable

Wire : OK Autrod 16.86 @ 2x3.2 mm
Flux : OK Flux 10.93
Material spec. . 2205 Joint preparation and bead sequence
Plate thickness : 12 mm 60°
Welding position : 1G , il
Current/polarity : (1) DC(+), (2) AC ] '
Stick out : 25-35 mm
Root treatment  : NA 12 { f
Restrained : No / 2
Preheat temp. C®* : NA
Interp. temp. C° : Max 150°C 4
PWHT : NA
Remarks : NA Electrode arrangement
(2) AC (1) DC+
80° —_—
J_,
50
Welding parameters
Pass Current Arc voltage Speed Heat input
No A Volt m/h kJ/mm
(1) 480-520 30 DC+
1(@) 500-550 40 AC 45 2.8-3.0
2 520-580 33 DC+ 45 1415
Welding economy (Data for welding 1m length of the joint)
Arc time : 4 minutes
Consumption of consumables :
Wire: OK Autrod 16.86 @ 3.2 = 0.3 kg
Flux: OK Flux 10.93 =0.3kg
p121-035
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Mechanical test results ﬁ

Tensile test

Reduced section All weld tensile test CTOD

Rm Location | Rel Rm A Z | Temp AW & max weld metal
MPa of fraction | MPa MPa % %| C* SR mm

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.
ce° location Joule Joule Joule Joule
-20 Weld metal centre line 113 98 94 102
Hardness test

Chemical analyses, weld metal/ base material, %

Remarks

Ferrite content
Weld metal FN: 76.2, 74.5, 77.7,79.4, 76.3, 58.2, 59.1, 60.5, 61.6.63.9
FN 69 average

d121-035
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OK Autrod 16.86

Welding Procedure Specification

Welding process : SAW (121)

Welding consumable

Wire : OK Autrod 16.86 @4.0 mm

Flux : OK Flux 10.93

Material spec. : 2205 Joint preparation and bead sequence
Plate thickness : 10 mm

Welding position : 1G

Current/polarity : DC(+)

Stick out : 30 mm

Root treatment : NA

Restrained : No

Preheat temp.C* : Min 10 “"'_?'*
Interp. temp. C° : Max 150 101 >\ <
PWHT - NA

Remarks : NA e

Welding parameters

Pass Current Arc voltage Speed Heat input
No A Volt m/h kd/mm

1 622 29 39 1.7

2 700 29 39 1.9

Welding economy (Data for welding 1m length of the joint)
Arc time : 3 min.

Consumption of consumables :
Wire : OK Autrod 16.86 94.0 = 0,5 kg
Flux : OK Flux 10.93 = 0.25 kg

pi21-029
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Mechanical test results ESAB
AT

Tensile test

Reduced section All weld tensile test CTOD

Rm Location Rel Rm A Z |Temp AW § max weld metal

MPa of fraction MPa MPa % o | C° SR mm

815 Base metal

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.

G location Joule Joule Joule Joule

-20 Weld metal centre line 117 a5 95 99
Fusion line + 2 mm 178 188 175 180

Hardness test

Chemical analyses, weld material,%

c

Top 017
Root 026

Remarks
Ferrite content

Mn Si Cr Ni Mo Cu o] N
1.37 52 22.10 6.62 2.96 15 .03 16
1.35 55 21.86 6.74 3.05 A5 15 16

Weld metal=FN 65

d121-038
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OK Autrod 16.86

Welding Procedure Specification

Welding process : SAW (121)
Welding consumable
Wire : OK Autrod 16.86 3.2 mm
Flux : OK Flux 10.93
Joint preparation and bead sequence

Material spec. : 2205
Plate thickness : 12 mm
Welding position : 1G
Current/polarity : DC(+)
Stick out : 25-30 mm
Root treatment : NA
Restrained : No
Preheat temp.C®* : RT
Interp. temp. C° : Max 150
PWHT . NA
Remarks . Root pass performed by

OK Tubrod 14.27 @ 1.2 mm 2.6
Shielding gas : BOAr+ 20C0O9 -
Backing : OK 2124006000

Welding parameters
Pass Wire dia. Current Arc voltage Stick out Speed Heat input

No mm A volt mm m/h kJ/mm
1 1.2 180-200 24-26 15 7.8 2.0-2.4
2 3.2 290-310 29 30 30 1.0-1.1
3 32 450-500 32 25 30 1.6-1.7
4 32 550-600 33 25 30 2224

Welding economy (Data for welding 1m length of the joint)

Arc time :0.23 hrs

Consumption of consumables :
Wire : OK Autrod 16.86 23.2 =06 kg
Flux : OK Flux 10.93 = 0.4 kg

Cored wire : OK Tubrod 14.27 1.2 =0.6 kg
pi2i-038
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Mechanical test results

ol
ESAB
LA

Tensile test

Reduced section All weld tensile test CTOD

Rm Location Ral Rm A Z |Temp AW & max weld metal

MPa of fraction | ppa MPa % % |C° SR mm

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.

G location Joule Joule Joule Joule

-20 Weld metal centre line iRE 111 110 111
Fusion line 235 251 215 234
Fusion line +2 mm 292 299 242 278

Hardness test

Chemical analyses, weld metal/ base material,%

Remarks

Ferrite content

Weld meta,l top: 55.7, 54.9, 59.4, 55.6, 57.7, 53.5, 55.5, 53.9, 50.8, 49.8

FN 55 average

Weld meta, root: 42.9, 43.8, 41.6

FN 43 average d121-038



OK Autrod 16.86

Welding Procedure Specification

Welding process : SAW (121)

Welding consumable

Wire : OK Autrod 16.86 3.2 mm
Flux : OK Flux 10.93

Material spec. : 2205 Joint preparation and bead sequence
Plate thickness ¢ 18 mm

Welding position : 1G

Current/polarity : DC(+)

Stick out : 25-30 mm

Root treatment : NA

Restrained : No

Preheat temp.C® : RT

Interp. temp. C° : Max 150

PWHT : NA

Remarks : NA

Welding parameters

Pass Current Arc voltage Speed Heat input
No A Volt m/h kJ/mm
1 570-630 33 30 2.3-25
2 620-680 33 30 2.5-2.7

Welding economy (Data for welding 1m length of the joint)

Arc time : 4 minutes

Consumption of consumables :
Wire : OK Autrod 16.86 23.2 = 0.6 kg
Flux : OK Flux 10.93 =0.4 kg

p121-037
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Mechanical test results %

Tensile test

Reduced section All weld tensile test CTOD

Rm Location Rel Rm A Z |Temp AW §max weld metal
MPa of fraction MPa MPa % 9| C° SR mm

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.

(0 location Joule Joule Joule Joule
-20 Weld metal centre line 166 130 170 155

Hardness test

Chemical analyses, weld metal/ base material.%

Remarks

Ferrite content
Weld metal: 57.9, 56.0, 59.5, 72.8, 72.5, 64.9, 63.3, 64.0, 65.5, 65.4
FN 64 average
d121-037
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OK Autrod 16.86

Welding Procedure Specification

Welding process : SAW (121) Tandem
Welding consumable
Wire : OK Autrod 16.86 @ 2x3.2 mm
Flux : OK Flux 10.93
Material spec. : 2205 Joint preparation and bead sequence
Plate thickness 1 20 mm 80°
Welding position M
Current/polarity : DC(+)/AC
Stick out : 30 mm 2
Root treatment : NA
Restrained : No 20 4: 7 }\
Preheattemp.C®* : RT
Interp. temp. C° : Max 150 /
PWHT : NA |
Remarks : NA 80°
Electrode arrangement
(2) AC
Bun
Welding parameters 50
Pass Current Arc voltage Speed Heat input
No A Volt m/h
(1) 550-600 33 DC
12 490-510 40 AC 45
(1) 690-710 34 DC+
2 (2 490-510 40 AC 45

Welding economy (Data for welding 1m length of the joint)

Arc time

: 5 minutes

Consumption of consumables :

Wire : OK Autrod 16.86 2.3 = 0.7 kg
Flux : OK Flux 10.93 =0.6 kg
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Mechanical test results

Tensile test

Reduced section All weld tensile test
BRm Location HEL Rm A
MPa of fraction MPa MPa %

Z |Temp AW

ESAB

CTOD
& max weld metal
op | C° SR mm

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.
(3 location Joule Joule Joule Joule
-20 Weld metal centre line 70 96 145 104
Hardness test

Chemical analyses, weld metal/ base material,%

Remarks
Ferrite content

Weld metal FN: 62.8, 65.9, 57.7, 66.2, 63.0, 68.9, 66.1, 66.8, 73.6, 73.0

FN 66 average

114

d121-036



OK Autrod 19.82

Welding process : SAW (121)

Welding consumable

Wire : OK Autrod 19.82 ¢1.6 mm

Flux : OK Flux 10.16

Classification : AWS A/SFA 5.14: ER Ni Cr Mo-3

Welding Procedure Specification

Material spec. : SA 553-1(9% Ni) Joint preparation and bead sequence
Plate thickness : 15 mm
Welding position  : 2G
Current/polarity : DC(-)
Stick out : 25 mm
Root treatment : NA 9
Restrained : No 3 6 55°
Preheattemp.C°  : Min 20 v P
Interp. temp. C° : Max 150 7Tl2 N7
PWHT : NA L N 10°
Remarks : Root pass performed

by SMAW with

OK 92.55 83.25 mm

2
—— ——

Welding parameters LN
Pass Current Arc voltage Speed Heat input
No A Volt m/h kJ/mm
1 110-120 21 200 mm 0.7-0.8
2-5 270-290 28-31 31-35 0.8-1.0
6 240-260 28-31 31-35 0.7-0.9
7 270-290 30-34 29-32 0.9-1.2
8 240-260 30-34 31-35 0.7-0.9
e 260-290 30-34 31-35 0.8-1.0

Welding economy (Data for welding 1m length of the joint)

Arc time : 0.36 hour
Consumption of consumables :
Electrod : OK 92.55 ©3.25 =0.3 kg
Wire : OK Autrod 19.82 1.6 = 1.0 kg
Flux : OK Flux 10.16 =0.6kg

pi21-028
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Mechanical test results E-SAB
e

Tensile test
Reduced section All weld tensile test CTOD
ARm  Location Rl Rm A Z Temp AW  § max weld metal
MPa of fraction MPa MPa % % i SR mm
-170 AW WM=0.644,0.658,0.564
701 Weld metal | 418 698 44 54 HAZ=0.595,0.529,0.594
Charpy V-notch impact values
Temp. Notch 1st 2nd 3rd Av.
(7 location Joule Joule Joule Joule
-196 Weld metal centre line 126 111 126 121
Fusion line 92 120 118 110
Fusion line + 2mm 354 146 354 285
Fusion line +5mm 182 187 196 188
Hardness test HV10
Location of travers Face mid-thickn Root
HAZ ! 228-230-254-254 220-227-225-203 251-264-272-276
Weld metal : 240-237-237 217-224-228 227-209-209
HAZ 2 230-304-297-270 227-242-238-222 330-333-256-232
Base metal : 230-230-230 224-220-224 233-230-228
Chemical analyses, base material,%
di21-028
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OK Autrod 19.82

Welding Procedure Specification

Welding process : SAW (121)
wglding consumable
Wire : OK Autrod 19.82 1.6 mm
Flux : OK Flux 10.16
Material spec. : SA 553-1 (9% Ni) Joint preparation and bead sequence
Plate thickness : 38 mm
Welding position : 2G
Current/polarity : DC(-),AC(root runs)
Stick out : 25mm
Root treatment : Grinding
Restrained : No
Preheat temp.C®* : Min 20
Interp. temp. C° : Max 150
PWHT : NA
Remarks : Root passes welded
by OK 92.55 9#3.25

Welding parameters

Pass Current Arc voltage Speed Heat input
No A Volt m/h kJ/mm

1-2 75-85 22-24 ROL 140-160 mm 0.6-0.9

3-12 270-290 30-34 31-35 0.8-1.1
13-19 240-260 30-34 29-32 0.8-1.1
20-25 240-260 30-34 31-35 0.8-1.0
26-32 240-260 30-34 28-31 0.8-1.1

Welding economy (Data for welding 1m length of the joint)

Arc time : 1.5 hour
Consumption of consumables :
Stick electrod: OK 92.55 ©3.25 =0.6 kg
Wire: OK Autrod 19.82 21.6 =4.2 kg
Flux : OK Flux 10.16 =2.4kg

prat-02q
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Mechanical test results ESAB
A
Tensile test
Reduced section All weld tensile test CTOD
Rm Locatio_n Rel BRm A Z |[Temp AW  § max weld metal
-170 AW WM=0.72-0.42-0.46
HAZ=0.55-0.48-0.32
699 Base metal
Charpy V-notch impact values
Temp. Notch 1st 2nd 3rd Av.
c*° location Joule Joule Joule Joule
-196 Weld metal centre line 127 121 118 122
Fusion line 126 110 103 113
Fusion line + 2mm 252 304 288 281
Fusion line +5mm 186 182 180 183
Hardness test HV10
Location of travers Side 1 Root area Side 2
HAZ - 342-333-304 254-251-339 330-327-330
Weld metal 193-181-183 245-272-260 217-217-213
HAZ 345 294-306-249 322
Base metal 238-237-237 242-242-242 233-233-233

Chemical analyses, weld metal/ base material,%

Remarks
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OK Autrod 13.13

Welding Procedure Specification

Welding process : MAG (135)

Welding consumable : OK Autrod 13.13 @1.2 mm

Classification : AWS A/SFA 5.28: ER100S-G

Material spec. :OX 812EM Joint preparation and bead sequence
Plate thickness :50 mm

Welding position : 3G 90°

Current/polarity : DC (+)

Stick out : 19 mm

Shielding gas  : 95%Ar+5%CO»

Root treatment : Grinding
Restrained : No
Preheat temp. C°: Min 150
Interp. temp. C° : Max 250
PWHT : NA
Remarks : NA

Welding parameters

Pass Current Arc voltage Speed Heat input
No A Vv mm/min kJ/mm
1-13 135-145 26-28 90 23-2.7
14-15 135-145 26-28 100 2.1-2.4
16 135-145 26-28 90 2.3-24
17-18 135-145 26-28 100 2.1-2.4
19-22 135-145 26-28 90 2324

Welding economy (Data for welding 1m length of the joint)
Arc time : 4.0 hour
Consumption of consumables

Wire :OK Autrod 13.1321,2=8.0kg

PI36-001
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Mechanical test results ESAB
4
Tensile test
Reduced section All weld tensile test CTOD
E‘l’; Lﬁﬂthﬂ Rk Bm A Z Temp AW & max weld metal
a of fraction MPa MPa % % ce mm
795 Base metal 681 796 22 68
Charpy V-notch impact values
Temp. Notch 1st 2nd 3rd Av.
c° location Joule Joule Joule Joule
-20 Weld metal centre line 68 70 84 74
Fusion line 94 103 90 96
Fusion line +3 mm 187 188 194 190
-51  Weld metal 30 27 40 32
Fusion line 82 56 54 64
Fusion line + 3 mm 174 172 159 168
Hardness test HV 5
Location of travers Top side 1 Root Top side 2
HAZ - 358-381-362 286 396-396-391
Weld metal 283-280-274 299 306-299-293
HAZ 376-381-386 349 396-407-386
Parent metal 280-296 286-286
Chemical analyses, weld metal/ base material,%
Remarks
135001
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OK Tubrod 14.03

Welding Procedure Specification

Welding process : FCAW (136)
Welding consumable
Classification

Material spec. :OX B12EM

Plate thickness :49 mm

Welding position :3G
Current/polarity : DC(-)

Stick out : 15-20 mm
Shielding gas : B0%Ar+20%C0o
Hoot treatment : Grinding
Restrained :No

Preheat temp. C* :Min120

Interp. temp.C®  : Max 200

PWHT s NA

Remarks : NA

: OK Tubrod 14.03 1.2 mm

: AWS A/SFA 5.29: EB1TG-A1

Welding parameters

Joint preparation and bead sequence

Pass Current Arc voltage Speed Heat input
No A Vv mm/min kJd/mm

1 120 18 100 1.3

2-25 160 21 160 1.3

Welding economy (Data for welding 1m length of the joint)

Arc time

: 2.7 hour

Consumption of consumables

Cored wire

: OK Turod 14.03 21.2 = 6.0 kg

121
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Mechanical test results

Tensile test

Reduced section
Am Location
MPa  of fraction

760 Base metal

All weld tensile test
Rel Rm A

MPa MPa %

799 858 W

<R
CTOD
Z |Temp AW & max weld metal

o | C° SR mm

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.

c® location Joule Joule Joule Joule

-40 Weld metal centre line 55 56 54 55
Fusion line 103 65 67 78
Fusion line +3 mm 220 171 216 202

Hardness test HV10

Location of travers Top side 1 Top side 2

HAZ : 274-376-376 336-376-396

Weld metal : 299-293-310 310-286-277

HAZ \ 376-391-280 381-386-386

Parent metal: 260

Chemical analyses, weld metal/ base material,%

Remarks
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OK Tubrod 14.03

Welding Procedure Specification

Welding process
Welding consumable

Classification

Material spec.
Plate thickness
Welding position
Current/polarity
Stick out
Shielding gas

Root treatment
Restrained
Preheat temp. C°
Interp. temp. C°
PWHT

Remarks

: FCAW (136)

: OK Tubrod 14.03 1.2 mm

: AWS A/SFA 5.29: EB1TG-A1

: OXB12EM
: 49 mm
:2G

: DC(-)
:15-20 mm
: ED%AHEQ%GUE
: NA

:No

: Min 120

: Max 200

: NA

: NA

Welding parameters

Joint preparation and bead sequence

Pass Current Arc voltage Speed Heat input
No A V mm/min kd/mm
1 170-180 24 200 1.2-1.3
2-36 170-180 24 250 1.0-1.1
Welding economy (Data for welding 1m length of the joint)
Arc time : 2.4 hour
Consumption of consumables

Cored wire : OK Autrod 14.03 1.2 = 6.5 kg

p136-005
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Mechanical test results ESAB
- 4

Tensile test

Reduced Sﬂmiﬂn. All weld tensile test CTOD

Rm Location Rel Rm A Z |Temp AW  § max weld metal

MPa of fraction MPa MPa o o | C° SR mm

765 Base metal | 794 837 16

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.

b7 location Joule Joule Joule Joule

-40 Weld metal centre line 53 53 56 54
Fusion line 72 9N 58 74
Fusion line +3 mm 212 204 221 212

Hardness test HV10

Location of travers Top side 1 Top side 2
HAZ : 353-376-376 376-381-362
Weld metal : 303-313-293 329-317-310
HAZ : 396-381-396 386-391-386
Parent metal il 7 |

Chemical analyses, weld metal/ base material,%

Remarks

H136-005
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OK Tubrod 14.03

Welding Procedure Specification

Welding process : FCAW (136)
Welding consumable : OK Tubrod 14.03 1.2 mm
Classification : AWS A/SFA 5.29: EB1TG-A1
Material spec. : OX 812EM Joint preparation and bead sequence
Plate thickness : 49 mm
Welding position : 3G “/
Current/polarity : DC(-)
Stick out :15-20 mm
Shielding gas : B0%Ar+20%C0o
Root treatment : Grinding
Restrained :No
Preheat temp. C* : Min 150 €
Interp. temp. C®  : Max 200
PWHT :NA
Remarks 1 NA
P — -
Welding parameters
Pass Current Arc voltage Speed Heat input
No A Vv mm/min kJ/mm
1 150-170 23 200 1.0-1.2
2-32 170-185 24 240 1.0-1.1

Welding economy (Data for welding 1m length of the joint)

Arc time :2.3 hour
Consumption of consumables
Cored wire  : OK Tubrod 14.03 1.2 = 6.0 kg

P158-004
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Mechanical test results w

Tensile test
Reduced section All weld tensile test CTOD
Rm Location | Rl Rm A  Z |Temp AW & max weld metal
MPa of fraction MPa MPa % % | c° SR e
789 836 17
Charpy V-notch impact values
Temp. Notch 1st 2nd 3rd Av.
c* location Joule Joule Joule Joule
-40 Weld metal centre line 55 53 54 54
Fusion line 95 94 92 94
Fusion line +3 mm 177 160 168 168
Hardness test HV10
Location of travers Top side 1 Top side 2
HAZ : 293-386-412 293-386-412
Weld metal : 313-271-303 313-303-293
HAZ - 401-296-271 386-407-303

Parent metal: 251

Chemical analyses, weld metal/ base material,%

Remarks

d136-004
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OK Tubrod 14.03

Welding Procedure Specification

Welding process : FCAW (136)
Welding consumable : OK Tubrod 14.03 1.2 mm

Classification

Material spec.
Plate thickness
Welding position
Current/polarity
Stick out
Shielding gas

Root treatment
Restrained
Preheat temp. C*®
Interp. temp. C°
PWHT

Remarks

: AWS A/FSFA 5.29: EB1TG-A1

: OX812EM Joint preparation and bead sequence
129 mm

1 2G A
: DC(-)

:15-20 mm

: 80%Ar+20%C0o
:NA 3* & E]
L 9

:No

: Min 100

: Max 200 *
:NA

:NA

50'0

2
5
1
A~
-ﬂi—-ﬁ-

Welding parameters

Pass Current Arc voltage Speed Heat input
No A Vv mm/min kJ/mm
1 135-150 18 160 0.9-1.0
2-23 165-185 24 250 1.0-1.1

Welding economy (Data for welding 1m length of the joint)

Arc time

: 1.6 hour

Consumption of consumables

Cored wire  : OK Tubrod 14.03 1.2 = 4.2 kg
p136-003
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Mechanical test results ESAB
4

Tensile test
Reduced section All weld tensile test CTOD
Rm Location Rk Am A Z | Temp AW & max weld metal

MPa  offraction [ o o o o | C° SR mm

787 Base metal 803 839 19

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.

c° location Joule Joule Joule Joule

-40 Weld metal centre line 60 58 57 58
Fusion line 80 94 107 94
Fusion line +3 mm 200 220 219 213

Hardness test HV10

Location of travers Top Root

HAZ : 283-313-381 299-268-274

Weld metal : 325-277-310 268-286-274

HAZ : 407-396-313 274-271-293

Parent metal: 265

Chemical analyses, weld metal/ base material, %

Remarks

d136-003
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OK Tubrod 14.03

Welding Procedure Specification

Welding process : FCAW (136)

Welding consumable : OK Tubrod 14.03 @1.2 mm

Classification : AWS A/SFA 5.29: EB1TG-A1

Material spec. : OX B12EM Joint preparation and bead sequence

Welding position :2G
Plate thickness : 17 mm
Current/polarity : DC(-)

Stick out :15-20 mm
Shielding gas : 80%Ar+20%C05
Root treatment :NA

Restrained :No

Preheat temp. C° : Min 80
Interp. temp. C°  : Max 200

PWHT : NA

Remarks : NA

Welding parameters

Pass Current Arc voltage Speed Heat input
No A Vv mm/min kJ/mm

1 110-120 18 160 0.7-0.8
2-15 165-185 24 250 1.0-1.1

Welding economy (Data for welding 1m length of the joint)
Arc time : 1.1 hour
Consumption of consumables
Cored wire  : OK Tubrod 14.03 1.2 = 2.7 kg

pI36-002
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Mechanical test results ESAB
A

Tensile test

Reduced section All weld tensile test CTOD

::f; ';fﬂfat'ﬂﬁ Rk Rm A Z |[Temp AW & max weld metal

. actlon  Impa MPa % % |C° SR mm

803 Base metal 811 861 18

Charpy V-notch impact values

Temp. Notch st 2nd 3rd Av.

c° location Joule Joule Joule Joule

-40 Weld metal centre line 60 64 66 63
Fusion line 146 100 154 133
Fusion line +3 mm 206 196 187 196

Hardness test HV10

Location of travers Top Root

HAZ ! 362-391-381 280-286-268

Weld metal : 341-262-310 277-274-286

HAZ : 371-371-381 271-277-303

Parent metal: 257

Chemical analyses, weld metal/ base material,%

Remarks

a136-002
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OK Tubrod 15.00

Welding Procedure Specification

Welding process : FCAW (136)
Welding consumable : OK Tubrod 15.00 1.2 mm
Classification : AWS A/SFA 5.20: E71 T-5
Joint preparation and bead sequence
Material spec. : DH36 45°
Plate thickness : 20 mm
Welding position : 1G \‘" \7
Current/polarity : DC(+) | 6
Stick out : 15-20 mm | a
Shielding gas : 80% Ar+20% COo 20 | 2 ] 1
Shielding gas flow : 18 U/min. | 1/ ]
Root treatment : NA | / : \ 1
Restrained : No s
Preheat temp.C* : Min 10 I
Interp.temp. C° : Max 250
PWHT 1 NA
Remarks NA
Backing : OK Backing 2124087000
Weiding parameters
Pass Current Arc voltage Speed Heat input
No A V mm/min kd/mm
1-2 170-190 23-25 200 1.2-1.4
3-6 280-320 25-27 290 1.5-1.8
Welding economy (Data for welding 1m length of the joint)
Arc time : 0.40 hour
Consumption of consumables
Cored wire  : OK Tubrod 15.00 @1.2 =2.1 kg
p136-022
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Mechanical test results ESAB
A

Tensile test
Reduced section All weld tensile test CTOD
Rm Location RL Rm A z |Temp AW & max weld metal

MPa of fraction MPa MPa % % C° SR mm

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.
e location Joule Joule Joule Joule
-20 Weld metal centre line 50 60 66 59
Fusion line 102 118 122 114
Fusion line +3mm 170 165 145 160
Hardness test

Chemical analyses, base material,%

Remarks

d136-022
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OK Tubrod 15.00

Welding Procedure Specification

Welding process : FCAW (136)
Welding consumable : OK Tubrod 15.00 1.2 mm
Classification : AWS A/SFA 5.20: E71T-5

Joint preparation and bead sequence
Material spec. : DH36
Plate thickness : 20 mm
Welding position » 26
Current/polarity : DC(+)
Stick out : 15-20 mm
Shielding gas : 80% Ar+20% COp
Shielding gas flow : 18 Umin.
Root treatment : NA
Restrained : No
Preheat temp.C® : Min 10
Interp.temp. C° : Max 250
PWHT ¢ NA
Remarks NA = IS -
Backing ¢ OK Backing 2124087000 20

g [—

Welding parameters
Pass Current Arc voltage Speed Heat input
No A v mm/min kd/mm
1 170-190 23-25 200 1.2-1.4
2-7 180-210 25-27 240 1.2-1.4

Welding economy (Data for welding 1m length of the joint)
: 0.5 hour

Arc time

Consumption of consumables

Cored wire

: OK Tubrod 15.00 1.2 = 1.6 kg

P02
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Mechanical test results %

Tensile test
Reduced section All weld tensile test CTOD
Am Location Rel Am A Z Temp AW & max weld metal

MPa of fraction MPa MPa % % ce SR I

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.

c° location Joule Joule Joule Joule

-20 Weld metal centre line 123 107 104 111
Fusion line 135 149 146 143
Fusion line +3mm 173 137 162 157

Hardness test

Chemical analyses, base material,%

Remarks
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OK Tubrod 15.25

Welding Procedure Specification

Welding process : FCAW (136)
Welding consumable : OK Tubrod 15.25 1.2 mm

Material spec.
Plate thickness
Welding position
Current/polarity
Stick out
Shielding gas

Shielding gas flow
Root treatment
Restrained
Preheat temp. C*°
Interp.temp. C°
PWHT

Remarks

Backing

Joint preparation and bead sequence
: DH38
: 20 mm
: 1G
: DC(-)
: 15-20 mm
: 80% Ar+20% COqo

: 18 i/min.

: NA

: No

: Min 10

: Max 250

: NA

: NA

: OK Backing 2124087000

Welding parameters

Pass Current Arc voltage Speed Heat input
No A Vv mm/min kd/mm
1-2 170-190 23-25 140 1.7-2.0
3-8 240-260 25-27 200 1.8-2.1

Welding economy (Data for welding 1m length of the joint)

Arc time

. 0.74 hour

Consumption of consumables

Coredwire  : OK Tubrod 15.25 01.2 =23 kg
p136:031

135



Mechanical test results

ST
ESAB

4

Tensile test
Reduced section All weld tensile test CTOD
Rm Locatiqn Rel Rm A Z Temp AW & max weld metal
MPa of fraction MPa MPa % %% cP SR mm
Charpy V-notch impact values
Temp. Notch 1st 2nd 3rd Av.
c* location Joule Joule Joule Joule
-60 Weld metal centre line 86 67 27 60
-40 Fusion line 61 149 94 101

Fusion line +3mm 79 41 ar 52

Hardness test

Chemical analyses, base material, %

Remarks

136
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OK Tubrod 15.25

Welding Procedure Specification

Welding process : FCAW (136)
Welding consumable : OK Tubrod 15.25 21.2 mm

Joint preparation and bead sequence

Material spec. : DH36

Plate thickness : 20 mm 1

Welding position  : 2G ,‘\
Current/polarity : DC(-) 1-2

Stick out : 15-20 mm S up
Shielding gas : B0% Ar+20% COs 4 ﬂ_ P

Shielding gas flow : 18 I/min. E

Root treatment : NA - }_
Restrained : No

Preheat temp. C* : Min 10

Interp.temp. C° : Max 250

PWHT : NA

Remarks : NA

Backing : OK Backing 2124087000

Welding parameters

Pass Current Arc voltage Speed Heat input
No A V mm/min kJ/mm

1 170-190 23-25 200 1.2-1.4

2-7 190-210 25-27 240 1.2-1.4

Welding economy (Data for welding 1m length of the joint)

Arc time : 0.5 hour
Consumption of consumables
Cored wire : OK Tubrod 15.25 1.2 = 1.6 kg

pl36-032
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. P
Mechanical test results ESAB
i

Tensile test
Reduced section All weld tensile test CTOD
Rm Location Rgl Rm A Z Temp AW 4 max weld metal

MPa of fraction MPa MPa % % Ce SR mm

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.
& location Joule Joule Joule Joule
-60 Weld metal centre line 60 72 39 57
Fusion line 47 37 dd 43
Fusion line +3mm 117 136 157 137
Hardness test

Chemical analyses, base material,%

Remarks

d136-032
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OK Tubrod 15.26

Welding Procedure Specification

Welding process : FCAW (136)
Welding consumable : OK Tubrod 15.26 1.6 mm

Material spec. ~ : HY 80 Joint preparation and bead sequence
Plate thickness : 50 mm

Welding position : 2G 50 1
Current/polarity : DC(-) — -

Stick out : 20 mm

Shielding gas  : 80% Ar+20% CO»

Shielding gas flow: 18 I/min.
Root treatment  : Backgouged and

grinded

Restrained : Strong backs

Preheat temp. C* : Min 120

Interp.temp. C* : Max 150

PWHT : NA

Remarks : Root pass performed 1
with OK 78.04 3.2

Welding parameters

Pass Current Arc voltage Speed Heat input
No A v mm/min kJ/mm
1 120 22 ROL=150 mm 1.5
2-12 300 27 265 1.8
13 230 27 265 1.4
14-18 300 27 265 1.8
19 230 27 265 1.4
20-25 300 27 265 1.8
26 230 27 265 1.4
27-31 300 27 265 1.8
32 230 27 265 1.4

Welding economy (Data for welding 1m length of the joint)

Arc time : 2.1 hour
Consumption of consumables
Cored wire : OK Tubrod 15.26 1.2 = 8 kg
OK 78.04 93.2 =0.3kg

p136-006

139



Mechanical test results ﬁ
V- 4

Tensile test
Reduced section All weld tensile test CTOD
Rm Location ReL Rm A z |[Temp AW § max weld metal

MPa of fraction (i SR mm

MPa MPa % %

640 719 20

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.

c® location Joule Joule Joule Joule
-50 Weld metal centre line 116 128 122 121
Hardness test

Chemical analyses, weld material,%

C Si Mn P S Cr Mo Ni Cu
.08 42 1.50 013 016 .16 06 19 02
Remarks

d136-006
140



OK Tubrod 15.14

Welding Procedure Specification

Welding process : FCAW (136)
Welding consumable :OK Tubrod 15.14 @1.2 mm
Classification : AWS A/SFA 5.20: E 71T
Joint prepa ration and bead sequence
Material spec. . DH36
Plate thickness : 20 mm
Welding position : 1G
Current/polarity : DC(+)
Stick out : 15-20 mm
Shielding gas : 80% Ar+20% CO»
Shielding gas flow : 18 I/min.
Root treatment : NA
Restrained : No
Preheat temp. C* : Min 10
Interp.temp. C° : Max 250
PWHT : NA
Remarks : NA
Backing : OK Backing 2124087000
Welding parameters
Pass Current Arc voltage Speed Heat input
No A Vv mm/min kd/mm
1 190-210 25-27 250 1.1-1.4
2-9 280-300 28-32 330 1.4-1.7
Welding economy (Data for welding 1m length of the joint)
Arc time ¢ 0.5 hour
Consumption of consumables
Cored wire : OK Tubrod 15.14 1.2 = 2.4 kg
p136-024
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Mechanical test results ﬁ

Tensile test

Reduced section All weld tensile test CTOD

Rm Locatln_n ReL BRm A 2 Temp AW & max weld metal
MPa of fraction MPa MPa % % ce SR mm

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.
c* location Joule Joule Joule Joule
-20 Weld metal centre line 106 125 111 114
Fusion line 122 73 63 86
Fusion line +3mm 202 160 151 171
Hardness test

Chemical analyses, base material,%

Remarks

d136-024
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OK Tubrod 15.14

Welding Procedure Specification

Welding process  :FCAW (136)
Welding consumable : OK Tubrod 15.14 1.2 mm

Classification

Material spec.
Plate thickness
Welding position
Current/polarity
Stick out
Shielding gas

Shielding gas flow
Root treatment
Restrained
Preheat temp. C°
Interp.temp. C°
PWHT

Remarks

Backing

- AWS A/SFA 5.20: E71T-1

Joint preparation and bead sequence

: DH36

: 20 mm

: 2G

. DC(+)

: 15-20 mm

: B0% Ar+20% COp

© 18 Umin. i
: NA 4-6

: No

. Min 10 _f
: Max 250

: NA
: NA
. OK Backing 2124087000

Welding parameters

Pass Current Arc voltage Speed Heat input
No A Vv mm/min kJ/mm
1 190-210 25-27 190 1.5-1.8
2-10 190-210 25-27 280 1.0-1.2

Welding economy (Data for welding 1m length of the joint)

Arc time

: 0.81 hour

Consumption of consumables

Cored wire : OK Tubrod 15.14 1.2 = 1.9kg
p135-026
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Mechanical test results ESAB
e

Tensile test
Reduced section All weld tensile test CTOD
Rm Location Rk Rm A Z |Temp AW & max weld metal

MPa of fraction MPa MPa % 9% | C° SH mm

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.
ce location Joule Joule Joule Joule
-20 Weld metal centre line 78 125 61 88
Fusion line 105 148 112 122
Fusion line +3mm 199 179 183 187
Hardness test

Chemical analyses, base material,%

Remarks

a136-026
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OK Tubrod 15.14

Welding Procedure Specification

Welding process : FCAW (136)
Welding consumable : OK Tubrod 15.14 1.2 mm
Classification : AWS A/SFA 5.20: E71T-1
Joint preparation and bead sequence
Material spec. : DH36
Plate thickness : 20mm
Welding position : 3G
Current/polarity : DC(+)
Stick out : 15-20 mm |
Shielding gas : 80% Ar+20% COp '
Shielding gas flow : 18 Umin. 1
Root treatment : NA
Restrained : No i
Preheat temp. C° : Min 10
Interp.temp. C° : Max 250
PWHT : NA
Remarks 1 NA
Backing : OK Backing 2124087000
W{alding parameters
Pass Current Arc voltage Speed Heat input
No A v mm/min kJ/mm
1 190-210 25-27 200 1.4-1.7
2-9 190-210 25-27 210 1.3-1.6
Welding economy (Data for welding 1m length of the joint)
Arc time :0.72 hour
Consumption of consumables
Cored wire : OK Tubrod 15.14 1.2 = 2.3 kg
PI36-026
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Mechanical test results %

Tensile test
Reduced section All weld tensile test CTOD
Rm Location Rl Rm A Z Temp AW & max weld metal

MPa  offacton |yo. mPa % % | C° SR mm

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.
ce location Joule Joule Joule Joule
-20 Weld metal centre line 77 42 80 66
Fusion line 74 85 122 94
Fusion line +3mm 161 164 159 161
Hardness test

Chemical analyses, base material,%

Remarks

136-026
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OK Tubrod 15.17

Welding Procedure Specification

Welding process : FCAW (136)
Welding consumable : OK Tubrod 15.17 @ 1.2 mm
Classification : AWS A/SFA 5.29: EB1 T1-Ni 1
Joint preparation and bead sequence
Material spec. : DH36
Plate thickness : 20 mm
Welding position : 1G
Current/polarity : DC(+)
Stick out 1 15-20 mm
Shielding gas : 80% Ar+20% COp
Shielding gas flow : 18 I/min. 0
Root treatment . NA
Restrained : No
Preheat temp.C® : Min 10
Interp.temp. C° : Max 250
PWHT . NA
Remarks : NA
Backing : OK Backing 2124087000
Welding parameters
Pass Current Arc voltage Speed Heat input
No A v mm/min kJ/mm
1 190-210 25-27 250 1.1-1.4
2-9 280-300 28-32 330 1.4-1.7

Welding economy (Data for welding 1m length of the joint)

Arc time : 0.5 hour
Consumption of consumables
Cored wire : OK Tubrod 15.17¢1.2 = 2.4 kg
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Mechanical test results E.S Y
LN

Tensile test
Reduced section All weld tensile test CTOD
Rm Location Rgl Rm A Z Temp AW & max weld metal

MPa of fraction MPa MPa % % Cce SAH mm

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.
c° location Joule Joule Joule Joule
-40 Weld metal centre line 115 76 92 94
Fusion line 86 73 46 68
Fusion line +3mm 32 34 51 39
Hardness test

Chemical analyses, base material,%

Remarks

d1a6-o27
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OK Tubrod 15.17

Welding Procedure Specification

Welding process : FCAW (136)
Welding consumable : OK Tubrod 15.17 @1.2 mm
Classification : AWS A/SFA 5.29: EB1T1-Ni
Joint preparation and bead sequence

Material spec. : DH36

Plate thickness : 20 mm

Welding position : 2G

Current/polarity : DC(+)

Stick out : 15-20 mm

Shielding gas : 80% Ar+20% CO»p

Shielding gas flow : 18 Imin.

Root treatment : NA

Restrained : No

Preheat temp. C° : Min 10

Interp.temp. C° : Max 250

PWHT : NA

Remarks : NA

Backing : OK Backing 2124087000
Welding parameters
Pass Current Arc voltage Speed Heat input
No A v mm/min kJ/mm
1 190-210 25-27 200 1.4-1.7
2-10 190-210 25-27 280 1.0-1.2

Welding economy (Data for welding 1m length of the joint)
Arc time . 0.62 hour
onsumption of consumables
Cored wire : OK Tubrod 15.17 1.2 mm = 1.9 kg

PIFBI2E
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Mechanical test results ESAB
Pan -4

Tensile test

Reduced section All weld tensile test CTOD

Rm Location ReL Am A Z |Temp AW & max weld metal

MPa of fraction MPa MPa % % c® SH mm

Charpy V-notch impact values

Temp. Notch st 2nd 3rd Av.
c? location Joule Joule Joule Joule
-40 Fusion line 83 133 97 104
Fusion line +3 mm 63 a7 65 i
Weld metal centre line 106 107 117 110
Hardness test

Chemical analyses, base material, %

Remarks

d136-028
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OK Tubrod 15.17

Welding Procedure Specification

Welding process : FCAW (136)
Welding consumable : OK Tubrod 15.17 1.2 mm
Classification : AWS A/SFA 5.29: EB1T-Ni-1

Joint preparation and bead sequence
Material spec. : DH36
Plate thickness : 20 mm &6
Welding position : 3G
Current/polarity  : DC(+) "l |‘
Stick out : 15-20 mm \ /
Shielding gas : B0% Ar+20% COs | s {
Shielding gas flow : 18 V/min. | i
Root treatment ~ : NA 20
Restrained : No |
Preheat temp.C* : Min 10 I
Interp.temp. C° : Max 250
PWHT : NA A\ 45“.)
Remarks : NA
Backing : OK Backing 2124087000
Welding parameters
Pass Current Arc voltage Speed Heat input
No A v mm/min kJ/mm
1 190-210 25-27 200 1.4-1.7
2-9 190-210 25-27 210 1.3-1.6

Welding economy (Data for welding 1m length of the joint)
Arc time : 0.72 hour
Consumption of consumables
Cored wire : OK Tubrod15.17 1.2 =2.3 kg
pla6-02e
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Mechanical test results ﬁ

Tensile test
Reduced section All weld tensile test CTOD
Rm Location Rl Rm A Z | Temp AW & max weld metal

MPa of fraction MPa MPa % % Ce SR T

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.
Cce location Joule Joule Joule Joule
-40 Weld metal centre line 58 65 49 57
Fusion line 93 120 65 93
Fusion line +3mm 125 126 130 127
Hardness test

Chemical analyses, base material,%

Remarks

d138-029
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OK Tubrod 15.18

Welding Procedure Specification

Welding process : FCAW (138)
Welding consumable : OK Tubrod 15.18 1.2 mm
Classification : AWS A/SFA 5.20: E70T-1
Joint preparation and bead sequence
Material spec. : DH36
Plate thickness : 20 mm i
Welding position : 1G
Current/polarity : DC(+) |
Stick out : 15-20 mm ]
Shielding gas : 80% Ar+20% COo 20 |
Shielding gas flow : 18 V/min.
Root treatment ~ : NA :
Restrained : No
Preheattemp.C®* : Min 10
Interp.temp. C° : Max 250
PWHT : NA
Remarks : NA
Backing : OK Backing 2124087000

Welding parameters
Pass Current Arc voltage Speed Heat input
No A v mm/min kJ/mm
1 170-190 23-25 150 1.6-1.9
2-6 300-340 28-30 280 1.8-2.2
Welding economy (Data for welding 1m length of the joint)
Arc time : 0.3 hour
Consumption of consumables

Cored wire : OK Tubrod 15.18 1.2 = 2.1 kg

P136-030
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Mechanical test results ESAB
AT

Tensile test

Reduced section All weld tensile test CTOD

Rm Location Rel Rm A Z |Temp AW  § max weld metal

MPa of fraction MPa MPa % % Cce SR mm

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.

ce location Joule Joule Joule Joule

-20 Weld metal centre line 27 29 37 31
Fusion line 61 56 65 61
Fusion line +3mm 195 170 183 183

Hardness test

Chemical analyses, base material,%

Remarks
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OK Tubrod 14.27

Welding Procedure Specification

Welding process : FCAW (136)
Welding consumable : OK Tubrod 14.27 1.2 mm

Material spec. : 2205 Joint preparation and bead sequence
Plate thickness : 12 mm

Welding position -

Current/polarity : DC(+) 12

Stick out : 15 mm iy

Shielding gas : B0%Ar+20%CO0Oo

Shielding gas flow : 18 Umin. e

Root treatment : NA AH

Restrained > No

Preheat temp.C° : RT 4N
Interp.temp. C° : NA

PWHT : NA |

Remarks : NA -

B 2205 |

Welding parameters

Pass Current Arc voltage Speed Heat input
No A Vv mm/min kd/mm
1 145-155 22-23 200 1.0-1.1

Welding economy (Data for welding 1m length of the joint)

Arc time . 5 minutes
Consumption of consumables
Cored wire : OK Tubrod 14.27 @ 1.2 mm =0.22 kg

p136-011
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Mechanical test results ﬁ
4

Tensile test

Reduced section All weld tensile test CTOD

Rm Location | Rpp.2 Rm A Z |Temp AW & max weld metal
MPa of fraction | MPa MPa % 9% | C° SR mm

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.
c° location Joule Joule Joule Joule
Hardness test

Chemical analyses, weld metal/ base material,%

Remarks

Ferrite content
Weld metal FN: 67,68,64
FN 66 average

dia8-011
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OK Tubrod 14.27

Welding Procedure Specification

Welding process : FCAW (136)
Welding consumable : OK Tubrod 14.27 1.2 mm

Joint preparation and bead seguence

Material spec. : 2205
Plate thickness : 12 mm
Welding position : 3G L
Current/polarity : DC(+) 12 f J, ‘
Stick out : 15 mm >
Shielding gas : BOAr+20CO, i .
Shielding gas flow : 18Umin. 4-6 3/ &
Root treatment : NA
Restrained : No
Preheattemp.C* : RT
Interp.temp. C° : Max 150
PWHT 1 NA s
Remarks . Backing OK 2124085000 12
g ——
Welding parameters
Pass Current Arc voltage Speed Heat input
No A Vv mm/min kJ/mm
1-3 140-160 22-24 150 1.2-1.5
Welding economy (Data for welding 1m length of the joint)
Arc time : 0.33 hour
Consumption of consumables
Cored wire : OK Tubrod 14.27 1.2 =1.0 kg
plag-012
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Mechanical test results ESAB
e

Tensile test

Reduced section All weld tensile test CTOD

Rm Location |Rgl Rm A Z |Temp AW & max weld metal

MPa of fraction | MpPa MPa % % | C° SR mm

Temp. Notch 1st 2nd 3rd Av.

c* location Joule Joule Joule Joule

Hardness test

Chemical analyses, weld metal/ base material,%

Remarks

Ferrite content
Weld metal FN: 57.7, 48.8, 50.9, 54.5, 52.7, 47.5, 52.5, 47.6, 50.9, 51.5
FN 51 average

136-012
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OK Tigrod 16.88

Welding Procedure Specification

Welding process :TIG (141)
Welding consumable : OK Tigrod 16.88 2.4 mm
Material spec. : Zeron 100 Joint preparation and bead sequence
Pipe : 2170x8.7mm
Welding position : 1G
Current/polarity : DC-
Shielding gas : Ar (15 litre/min)
Root treatment : NA 70° =
Restrained : No @
Preheat temp.C® : RT |
Interpass temp.C® : Max 150 6 705 B
PWHT : NA ¢ 3 2
Remarks : NA 1
LA
3-5
~=a}

Welding parameters
Pass Electrode Current Arc voltage Speed Heat input

No @ mm A \'} mm/min kJ/mm
1 2.4 120-140 12-13 50 1.72.2
2 2.4 120-140 12-13 70 1.3-16
37 2.4 120-140 12-13 50 3.722

Welding economy (Data for welding 1m length of the joint)
Arc time :2.2 hour
Consumption of consumables  : OK Tigrod 16.88 22.4 = 0.8 kg

pr41-001
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Mechanical test results ESAB
L

Tensile test

Reduced section All weld tensile test CTOD

Am Location Rel Rm A Z Temp AW & max weld metal

Charpy V-notch impact values

Temp. Notch 1st 2nd 3rd Av.
c* location Joule Joule Joule Joule
-20 Weld metal centre line 89 90 71 83
-40 Weld metal centre line 51 86 73 70
Hardness test

Chemical analyses, weld metal/ base material,%

C S| Mn Cr Ni Mo w Cu 0
BM= .18 .14 .66 248 7.32 3.64 64 .66 .008
WM= .026 .14 42 248 9.22 3.96 .66 11 -
WR= .034 .03 .49 24.7 8.71 3.89 .20 .28 .001
Remarks
Ferrite content
BM=FN 74 WMCL= FN 62 WMT= FN 75 WR= FN 66

d141-001

160



- e e B e




