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1. BACKGROUND

The welding procedures developed under NSRP/ASE Project 2005-386 demonstrated significant
productivity enhancements along with mechanical properties that comfortably met stringent
NAVSEA requirements. Productivity enhancements as high as 1200% were identified with
potential cost reductions approaching 65%, with weld metal deposition rates exceeded 110 Ibs/hr,
significantly higher compared to current practice. General Dynamics NASSCO requested that
the results of this recently completed project be used to produce and qualify highly productive
welding procedures under American Bureau of Shipping (ABS) Rules for HSLA-65 and EH36
steels, using variable balance AC (VBAC) submerged arc welding (SAW) and metal cored
electrode technologies. The procedures included the single pass one-sided welding (OSW) onto
flux copper backing (FCB) and one pass per side two sided welding no with backgouging
techniques, both in a tandem arrangement.

Qualification of SAW Consumables and Procedures to ABS Rules
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2. SCOPE OF WORK

The main deliverables in this project are ABS qualified highly productive welding procedures for
one-sided and two sided welding that will allow shipyards to readily adopt these techniques into
practice. Each shipyard that implements these technologies will expect to significantly reduce
their labor costs per foot of completed weld joint and also decrease their electrode and flux
consumption requirements.

The following welding procedures were qualified and registered under ABS Rules:

e Single pass OSW of ¥2” and 1 inch thick EH36 and HSLA-65 steels onto a FCB
e Single pass per side two sided welding (no backgouging) of %2 and 1 inch thick EH36 and
HSLA-65 steels

OSW procedures were developed and qualified with Kobelco PFI-50R backing flux to be aligned
with the current production techniques used at GD NASSCO. The welding electrode/flux
combination was also qualified under this testing matrix.

All developmental work, welding of test plates, and mechanical testing of specimens were
performed by BMT FTL, with all welding of test plates and testing of mechanical property
specimens being witnessed by an ABS representative.

Qualification of SAW Consumables and Procedures to ABS Rules 2
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3. TASKS
The objectives of this project were met with the completion of the following tasks:

3.1 Task 1: Welding Electrode Qualification

Prior to the welding procedure qualification phases of this project, the welding electrode and flux
combination required qualification. The welding parameters selected resulted in the highest and
lowest cooling rate that this combination would likely be used in during production welding. The
target deposited weld metal properties are as follows:

e EH36 Weld Metal Targets
0 Min. 58ksi Yield Strength, 71 to 95ksi Ultimate Tensile Strength, and 20%
Elongation
o Charpy V-notch Impacts of 20ft-lbs @ -20°F
e HSLA-65 Weld Metal Targets
o Min. 65ksi Yield Strength, 20% Elongation
o Charpy V-notch Impacts of 30 ft-lbs @ -20°F

3.2 Task 2: Welding Procedure Qualification

The welding procedures were qualified under the requirements of NAVSEA Technical
Publication 248 using the highest heat input that each plate thickness would be subjected to in
production for each type of joint design.

Target mechanical properties for each welding procedure are as follows:

e EH36 Weld Metal Targets
o0 Min. 58ksi Yield Strength Weld Metal, 71 to 95ksi Ultimate Tensile Strength (all
weld metal and cross weld), and 20% Elongation (weld metal)
o0 Charpy V-notch Impacts of 17ft-lbs @ -4°F and -40°F
= 5 samples tested, highest and lowest values disregarded, average 3
remaining values
e HSLA-65 Weld Metal Targets
o Min. 65ksi Yield Strength (all weld metal), 20% Elongation (all weld metal), 78-
100 ksi Ultimate Tensile Strength (cross weld tensile)
o Charpy V-notch Impacts of 30 ft-lbs @ -20°F
= 5 samples tested, highest and lowest values disregarded, average 3
remaining values

Qualification of SAW Consumables and Procedures to ABS Rules 3
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4. RESULTS

41  Task 1: Welding Electrode Qualification
The objective of the welding electrode certification testing is to evaluate the properties of the
deposited undiluted weld metal over a range of heat inputs (and resulting cooling rates).

The formulation of the welding electrode is provided in Table 4.1. The electrode is classified as
AWS A5.23 ECM3, and the trade name is TriMark Metalloy M3S.

Table 4.1: Welding Electrode Formulation

Compositions {%)
[ Mn Si 3 P Ni Cr Mo Al B Cu Z Nb Ti Vi N 0

ELECTRODE Formulation |0.02000 1.60000 045000 0.00200 0.00200 2.00000 0.05000 0.50000 0.00400 0.00400 0.03000/0.00800 0.01000 0.03000 0.00400

Prior to sending the electrodes to BMT, the electrode manufacture Hobart/Trimark produced a
series of test welds on flat plate in accordance with AWS A5.23 to determine the undiluted
chemistry of the weld deposit using two fluxes, i.e., Hobart/TriMark HN-511 and Lincoln MIL-
800H. The result of this analysis is shown in Table 4.2.

Table 4.2: Test Weld Analysis

Compositions {%)

C Mn Si S P Ni Cr Mo Al B Cu Zr Nb Ti \ N ]
ELECTRODE Formulation 0.02000 1.60000 045000 0.00200 0.00200 2.00000 0.05000 050000 0.00400 0.00400 0.03000 0.00800 001000 0.03000 0.00400
299H-01-011 with Hobart flux 0.034 198 0277 0007 0022 1832 0051 0443 0001 0001 0055 (0003 0005 0008 0004
299H-01-011 with Lincoln Mil 800H flux 0.045 1.413 021 0009 0015 2044 0044 0507 0001 0.0017 0.07 0002 0005 0.02  0.004

In addition, Hobart conducted some preliminary testing of the electrode with TriMark HN-511
flux in accordance with AWS A5.23 to examine the resulting mechanical properties. The
welding conditions used as well as the results of this testing is given as Appendix A. To
summarize, the weld metal demonstrated the following:

Yield Strength: 95.4 ksi

Ultimate Tensile Strength: 104.2 ksi

Elongation: 23.9%

Charpy V-notch Impact @ -40°F: 93, 89, 71, 84, 70 ft-lbs
Charpy V-notch Impact @ -76°F: 62, 61, 32, 52, 72 ft-lbs

Test plates for the electrode/flux qualification tests were made from 1-inch thick, 40-inch long
HSLA-65 plate. The welds were manufactured using a single electrode with DCEP polarity. The
5/32” diameter Metalloy M3S electrode’s lot number was N812342301611. The Lincoln MIL-
800H flux used for all welding had a stock and lot number of ED020925 and 11471002,
respectively.

Qualification of SAW Consumables and Procedures to ABS Rules 4
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Each of the welds fabricated were subjected to 100% visual inspection, as well as Magnetic
Particle Testing (MPT) and Ultrasonic Testing (UT). The welding conditions as witnessed by
ABS were as follows:

4.1.1 High Cooling Rate Test (Low Heat Input)

The conditions and tests used for the high cooling rate test weld, identified as 65-CT-LH, are
summarized below:

5/32” diameter Single Electrode — DCEP
30° included angle, %2” root opening
30-40 kj/in heat input

0 Amperage: 475A

o Voltage: 28V

o Travel Speed: 20 ipm

o Electrical Stick-out: 1-1/2”

0 Wire Feed Speed: 70— 115 ipm
Preheat and Interpass Temperature: 75-150°F
Extract and test two (2) all weld metal tensile and five (5) weld metal Charpy V-notch
impacts tested at -20°F

The test weld required 13 passes to fill the joint, two passes per fill layer and three cap passes, as
shown in Figure 4.1. The lab records of the parameters as witnessed and signed by ABS are
provided as Appendix B.

Figure 4.1: Macro, 65-CT-LH

Qualification of SAW Consumables and Procedures to ABS Rules 5
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4.1.2 Low Cooling Rate Test (High Heat Input)

The conditions and tests used for the low cooling rate test weld, identified as 65-CT-HH, are
summarized below:

e 5/32” diameter Single Electrode — DCEP
e 30°included angle, %2” root opening
e >75kJ/in heat input

O O0O0OOo

(0]

Amperage: 600A

Voltage: 32V

Travel Speed: 15ipm
Electrical Stick-out: 1-1/2”
Wire Feed Speed: 120-180 ipm

e Preheat and Interpass Temperatures: 275-325°F
e Extract and test two (2) all weld metal tensiles and five (5) weld metal charpy V-notch
impacts tested at -20F

The test weld required 6 passes to fill the joint as shown in Figure 4.2. The lab records pf the
parameters as witnessed and signed by ABS are provided as Appendix C.

Figure 4.2: Macro, 65-CT-HH

Visual inspection as well as MPT and UT revealed no flaws within the weld metal. From each of
the test plates fabricated, 2 all weld metal tensile specimens and 5 weld metal notched Charpy V-
notch impact specimens were extracted and tested. The specimens were extracted as per Figure
4.3, at the T/2 location.

Qualification of SAW Consumables and Procedures to ABS Rules
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Figure 4.3: Location of Mechanical Test Specimens

The results of the tensile and impact testing are summarized in Tables 4.3 and 4.4, respectively,
and the reports as signed and witnessed by ABS are given as Appendix D.

Table 4.3: Tensile Test Results

Tensile Test Results

1.D. Elongation {%}) Diameter Area ‘field Load Waximum Load Y.S. u.T.S.

{in 50 mm) in. () in.? {mmr®) lbs. (kM) Ibs. (kny psi MPa) psi MPa)
55‘?_:'HH B1% 0s01 | 127 | 04197 | 1274 | 16500 0 73 | 17430 | 7B | 83783 | 578 | 88505 BID
55‘$_T2'HH 16.1% 0494 | 126 | 04192 | 1238 | 15800 | 71 | 18450 | 82 | 82859 | 571 | 96148 | B63
BE-CT-LH

o 25 4% 0505 | 128 | 0201 | 1294 | 19125 | 85 | 2040 0 94 | 95364 | 658 | 104813 1 723
55'?_2‘“ 24 7% 0805 | 128 | 0200 @ 1292 | 19125 | 85 | Api0 . 93 | 95498 | eS8 | 104911 0 723

Qualification of SAW Consumables and Procedures to ABS Rules
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Table 4.4: High and Low Cooling Rate Weld Metal Impact Test Results

Procedure Location Specimen | Temperature | Absorbed Energy
ft/lbs
-20°F 85
105
105
108
108
Average 106
-20°F 68
100
75
78
95
Average 83

65-CT-HH WM
T/2

OB WIN| -

65-CT-LH WM
T2

OB WN|F-

The results show that the tensile, yield, and impact requirements are comfortably met over the
entire heat input range, however the elongation on the high heat input welds were below
minimum requirements. On the fracture surface of the high heat input tension specimens and
throughout their gauge lengths, there appeared to be evidence of cracking. The surfaces were
bright and had the characteristics of hydrogen embrittlement. None of this cracking was detected
during NDT of the test plates and it is therefore believed the cracking occurred during the low
strain rate tension testing. It is possible that a post weld aging treatment of the tension specimen
would have released all traces of hydrogen in the specimen and thus enhanced the elongation
properties achieved in the results. Regardless, the yield and ultimate tensile properties meet the
minimum requirements.

In addition, diffusible hydrogen tests were conducted on the electrode flux combination using
75% of the highest amperage range used, i.e., 450A. The travel speed and voltage for each test
specimen was held constant at 22ipm and 27V, respectively. Hydrogen analysis was conducted
in accordance with AWS A4.3 using the under mercury method. The results of the hydrogen
analysis in 4 specimens after being held at 45°C for 72 hrs were 2.2, 2.4, 2.4, and 2.5 ml/100g of
weld metal deposited.

4.2  Task 2: Welding Procedure Qualification

Welding procedures were qualified in EH36 and HSLA-65 material using the Trimark Metalloy
M3S and Lincoln MIL-800H flux combination. The mill test reports for these base materials are
included as Appendix E.

The ABS signed lab work sheets along with welding procedure data sheets for each of the welds
fabricated are provided as Appendix F.

Qualification of SAW Consumables and Procedures to ABS Rules 8
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The identification system used for each of the welding procedures was as follows:

Y% Thickness

36-OSW-0.5 = EH36 Base Metal, One Sided Welded

36-DS-0.5 = EH36 Base Metal, Two Sided Weld, no backgouging
65-OSW-0.5 = HSLA-65 Base Metal, One Sided Weld

65-DS-0.5 = HSLA-65 Base Metal, Two Sided Weld, no backgouging

1” Thickness

36-OSW-1 = EH36 Base Metal, One Sided Weld

36-DS-1 = EH36 Base Metal, Two Sided Weld, no backgouging
65-OSW-1 = HSLA-65 Base Metal, One Sided Weld

65-DS-1 = HSLA-65 Base Metal, Two Sided Weld, no backgouging

All tandem SAW work was performed using Miller Summit Arc 1000 power sources and
witnessed by ABS. Sample macrosections from %2” and 1” OSW and DS welds are shown in
Figures 4.4t0 4.7.

Figure 4.4: Sample Macro, ¥’ OS Weld Procedure

Qualification of SAW Consumables and Procedures to ABS Rules 9
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Figure 4.5: Sample Macro, %2’ DS Weld Procedure

L thh

, 1”7 OS Weld Procedure
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N

5 A X

Figure 4.7: Sample Macro, 1” DS Weld Procedure
The mechanical test matrix is described following in Sections 4.2.1 and 4.2.2.

421 HSLA-65 (1 inch thickness only):

Each plate welded was subjected to 100% Visual, MPT, and UT. The procedures qualified
include high heat input single pass OSW onto FCB with variable balance AC tandem SAW. The
test matrix included:

Two (2) all weld metal tensiles
Two (2) cross weld tensiles

Four (4) side bends

Five (5) weld metal cvn's at -20°F
Five (5) HAZ cvn's at -20°F

Qualification of SAW Consumables and Procedures to ABS Rules 11
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4.2.2 EH36 (1/2" and 1 inch Thicknesses):

Each plate welded was subjected to 100% Visual, MPT, and UT. The procedures qualified
include high heat input single pass OSW onto FCB with variable balance tandem SAW, and, two
sided tandem SAW (with no backgouging).

%" Plates

Two (2) Cross Weld Tensiles

One (1) Macro / Micro / Hardness

Two (2) Root Bends and Two (2) Face Bends for One Sided Welds
Four (4) Side Bends for Two (2) Sided Welds

Charpy V-notch Impact @ T/2 location - *Ten (10) samples at each location (CL & FL)
with Five (5) tested at -4°F and Five (5) at -40°F

1" Plates

e Two (2) Cross Weld Tensiles

e Two (2) All Weld Metal Tensile (centered at ¥4 below Side #1 surface), except EH36
One Sided Weld Procedure, only One (1) specimen required.

e One (1) Macro / Micro / Hardness

e Four (4) Side Bends

e Charpy V-notch Impact @ 1/16" from Side #1 Surface - *Ten (10) samples at each
location (CL & FL) with Five (5) tested at -4°F and Five (5) at -40°F

Weld metal chemical analysis samples were also extracted from each fractured all weld metal
tensile specimens from the 1” thick test plates.

4.2.3 Welding Procedure Testing Results

The results of the visual and MPT revealed no surface flaws. The UT inspection reports are
included as Appendix G.

The results of the mechanical testing are summarized below.

4231 All Weld Metal Tension Test Results

Each all weld metal tension specimen was machined and tested in accordance with ASTM ES8.
The results are summarized following in Table 4.5, and the ABS witnessed signed test reports
and stress strain curves are included as Appendix H.

Qualification of SAW Consumables and Procedures to ABS Rules 12
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Table 4.5: All Weld Metal Tension Test Results
Tensile Test Results
1.D. Elongation (%) Diameter Area ‘field Load Waximum Load Y.5. U.T.5.
{in 25 mm) in. () in.? {mmr®) lbs. (kM) Ibs. (kny psi MPa) psi MPa)
35'%5'1 243 0249 | 6316 | 0049 | 313 | 4566 20311 | 5039 | 22415 | 94022 B48 | 103762 ¢ 715
35‘%8'1 2248 0249 © B316 | 0049 © 314 | 4486 0 19957 | 4970 0 22106 | 92316 B3 | 102296 ¢ 705
55'315'1 250 02650 © G352 | 0049 0 317 | 4448 19786 | 4865 0 21641 | 90457 0 624 | 99047 ¢ 663
55‘%5'1 24.1 0250 © B346 | 0049 | 316 | 4443 | 19763 | 4926 © 21912 | 90626 | 625 | 100478 ¢ 693
36-0SV-1 23.9 0249 © 6319 | 0049 © 314 | 3486 0 15808 | 4722 0 21002 | 71716 0 494 | 97420 ¢ 67D
B- OTS1W'1 29.2 0260 © B39 | 0049 0 316 | 3B | 16418 | 4864 0 2163 | 7A477 0 520 | 99464 ¢ GG6
BE- OTSQW'1 258 0249 © B316 | 0049 © 313 | 3514 0 15633 | 4598 0 20455 | 72359 0 499 | o4681 ¢ 643
4.2.3.2 Cross Weld Tension Test Results

Full thickness cross weld tension specimen were machined and tested in accordance with ASTM
E8. The results are summarized below in Table 4.6, and the ABS witnessed signed test reports
and stress strain curves are included as Appendix I.

Table 4.6: Cross Weld Tension Test Result Summary

Procedure | Specimen | Ultimate Tensile Strength | Failure Location
(Psi)

*
36-OSW-1/2 ; 222;3 wiiﬂ*
65-OSW-1/2 ; 22?‘32’ Ba:: ?\Indetm

%0812 79216 Bace Metal
50812 | o897 Bace Vit
605w — 80,023 gace Vet
65.0SW1 % ggggg Bai/?/ (Ie\l/ldetal
o051 — a0.422 gace Vet
65-Ds-1 84399 Base Metal

* Specimens extracted from run on and run off tab locations and failed due to solidifcation
cracks in specimens.

Qualification of SAW Consumables and Procedures to ABS Rules
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4233 Bend Test Results

Root, face and side bend tests were conducted in a bend test jig using a mandrel diameter of 1.5
inches. All of the test specimens were bent 180° using a pneumatic ram. Each of the specimens
revealed no visible discontinuities to the surface that exceeded the maximum requirement of 1/8”.
The surfaces of each series of bend tests are shown in Figures 4.8 to 4.15.

Qualification of SAW Consumables and Procedures to ABS Rules 14
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Figure 4.9: Face and Root Bend Tests, 65-OSW-1/2
Qualification of SAW Consumables and Procedures to ABS Rules 15
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Figure 4.10: Side Bend Tests, 65-DS-1/2

Figure 4.11: Side Bend Tests, 36-DS-1/2

Qualification of SAW Consumables and Procedures to ABS Rules 16
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Figure 4.13: Side Bend Tests, 65-OSW-1
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Figure 4.15: Side Bend Tests, 65-DS-1
Qualification of SAW Consumables and Procedures to ABS Rules 18
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4234

Full size impact specimens were machined and tested in accordance with ASTM E23. The
requirement for the EH36 impact testing is an average of 17 ft-Ibs at -4°F and -40°F, and that

Charpy V-notch Impact Test Results

only one sample of the averaged three specimens may be lower, but not lower than 70% of 17 ft-
Ibs (i.e. 11.9ft-1bs). The requirement for the HSLA-65 impact testing is an average of 30 ft-Ibs at
-20°F. The results of the impact testing are summarized in Tables 4.7 to 4.13, and the witnessed

signed test reports are included as Appendix J.

Table 4.7: 36-OSW-1/2 Charpy V-notch Impact Test Results

Procedure

Location

Specimen

Temperature

Absorbed Energy
ft/lbs

36 OSW 12"

WM

-4°F

111

111

114

116

A |WIN| -

112

Average

112

-40°F

90

85

83

O |00

73

[EEN
o

85

36 OSW 12"

HAZ

-4°F

Averacl;e 84

19

21

24

22

QB WIN| -

24

Average

22

-40°F

18

18

13

O 0N

16

[EEN
o

14

Average

16
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Table 4.8: 36-DS-1/2 Charpy V-notch Impact Test Results

Procedure

Location

Specimen

Temperature

Absorbed Energy
ft/lbs

36 DS 12"

HAZ

-4°F

51

50

51

60

OB WIN| -

50

Average

51

-40°F

30

47

21

OOV

23

[EN
o

24

36 DS 12"

WM

-4°F

Averaie 26

105

113

108

117

OB WIN| -

111

Average

114

-40°F

89

100

100

[{olfe i N} o]

100

[EEN
o

78

Average

96
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Table 4.9: 65-DS-1/2 Charpy V-notch Impact Test Results

Procedure

Location

Specimen

Temperature

Absorbed Energy

ft/lbs

65 DS %"

HAZ

-20°F

28

39

47

30

OB WIN| -

65

Average

38

WM

-20°F

81

83

89

89

OB WN|F-

89

65 OSW 12~

HAZ

Average

-20°F

87

43

41

69

44

OB WIN| -

77

Average

51

WM

-20°F

91

107

97

91

QB WIN| -

107

Average

98
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Table 4.10: 36-OSW-1 Charpy V-notch Impact Test Results

Procedure Location Specimen | Temperature | Absorbed Energy
ft/lbs
36 OSW 1~ HAZ 1 -4°F 28
2 25
3 30
Average 28
4 -40°F 26
5 53
6 19
Averaie 33
36 OSW 1~ WM-1 1 -4°F 44
1/16” Below Cap 2 44
3 30
Average 39
4 -40°F 32
5 24
6 35
Average 30
36 OSW 1~ WM-2 1 -4°F 45
T2 2 38
3 42
Average 42
4 -40°F 31
5 31
6 25
Averaﬁe 29
36 OSW 1~ WM-3 1 -4°F 47
1/16” above root 2 43
3 53
Average 48
4 -40°F 44
5 47
6 48
Average 46
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Table 4.11: 36-DS-1 Charpy V-notch Impact Test Results

Procedure

Location

Specimen

Temperature

Absorbed Energy
ft/lbs

36 DS 1”

WM

-4°F

105

111

109

118

OB WIN| -

100

Average

108

HAZ

-4°F

169

125

77

68

OB WN|F-

48

Average

90

Table 4.12: 65-DS-1 Charpy V-notch Impact Test Results

Procedure

Location

Specimen

Temperature

Absorbed Energy
ft/lbs

65 DS 1”

WM

-20°F

142

134

125

137

OB WIN|F-

130

Average

134

HAZ

-20°F

74

92

38

92

QB WIN| -

70

Average

79
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Table 4.13: 65-OSW-1 Charpy V-notch Impact Test Results

Procedure

Location

Specimen

Temperature

Absorbed Energy
ft/lbs

65 OSW 1”

WM

-20°F

67

78

70

65

OB WIN| -

82

Average

72

HAZ

-20°F

20

22

13

43

OB WN|F-

32

Average

25

4235 Hardness Test Results
Hardness measurements were conducted on each of the welding procedures at the subsurface and

T/2 locations, along with sample weld metal hardnesses along the weld centreline. Specimens
were prepared to a 0.5 micron finish and tested with a 5kg load. The results are summarized in

Appendix K.

Qualification of SAW Consumables and Procedures to ABS Rules

24



BMT Fleet Technology Limited 6134C.FR

4.23.6  Weld Metal Chemical Analysis Results

Samples were extracted form the gauge length of the fractured tension specimens. This method
gives a correlation between the chemical analysis of the undiluted weld metal and the resulting
tensile properties. The results are provided as Appendix L.
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5. SUMMARY

A welding electrode formulation was manufactured by Hobart/Trimark as trade name Metalloy
M3S under classification AWS A5.23 ECM3. The electrode was subjected to high and low
cooling rate tests using Lincoln MIL-800H flux. Mechanical test specimens were extracted to
determine all weld metal tension and impact properties under the two cooling rate conditions.
The results show that the yield strength, ultimate tensile strength, and impact properties
comfortably meet minimum requirements. The elongation of the high heat input weld however
did not meet the requirements likely as the result of hydrogen embrittlement.

The electrode flux combination was then used to qualify welding procedures in EH36 and HSLA-
65 steels of 0.5 and 1.0 inch thickness. The procedures consisted of single pass tandem one sided
welding onto Kobelco backing flux as well as tandem two sided welding (one pass per side)
without backgouging. The welds were subjected to cross weld and all weld metal tensile testing,
weld metal and HAZ impact testing, and bend testing. All results met the minimum requirements
for ultimate tensile and yield strength, impact toughness, and ductility. The 1.0 inch thick welds
were further examined for hardness and all weld metal chemical analysis, and the results are
reported.

All welding of test plates and testing of specimens was witnessed by ABS. A copy of ABS’s
Statement of Fact is included as Appendix M.
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Hobart Brothers Filler Metals Testing Report

Product: METALLOY EM13K-S Item : S280450 Size: 5/32

Specification:  A5.23 Class:

Specimen No:  PA7901 Control No: 0299H-01-011 Tested No:

Plate: Material: BUTTERED Length: 12 Thickness: 1
Included Angle: 30 Root Opening: .5 Position: 1G

Welding Parameters:

Amps: 500 Volts: 29 WES (IPM): 63 Travel Speed (IPM): 15
Gas Type: HN-511 Current: DCEP Electrical Stickout (in). 1.25
PreHeat (F): 300 Interpass (F). 300 Layers: 6 Pass Sequence: 1,2,2,2,2.3
Welded By: SUMMEKE Date Welded: 5/22/2008 Joules/in: 58,000 Total Passes: 12
Radiograph: Spec: A5.23 Conforms By: jbii
Fillets: Flat: None Vertical: None Overhead: None Horizontal: None
Tensile: 1 Type: .505 PWHT: As Welded
UTS(PSI): 104200 YS(PSI): 95400 Elong(%): 23.9 RA(%): 68.8
Bend Tests:
Impacts: Type PWHT Temp (C) Temp (F) Ft. Lbs. Joules
1 1 Charpy-V-Notch As Welded -40 -40 a3 126
1 2 Charpy-V-Notch As Welded -40 -40 89 121
1 3 Charpy-V-Notch As Welded -40 -40 gl 96
1 4 Charpy-V-Notch As Welded -40 -40 84 114
i 5 Charpy-V-Notch As Welded -40 -40 70 95
2 1 Charpy-V-Notch As Welded -60 -76 62 84
2 2 Charpy-V-Notch As Welded -60 -76 61 83
2 3 Charpy-V-Notch As Welded =60 =76 32 43
2 4 Charpy-V-Notch As Welded -60 -76 52 T
2 5 Charpy-V-Notch As Welded -60 -76 72 98
Chemistry: Specimen No: PA7901 Amps: 500 Volts: 29 WFS: 63 Item No: $280450
Gas Type: HN-511 Current; DCERVelded By: SUMMEKE Weld Date: 5/22/2008
C: 0.025 Mn:  1.901 P: 0.014 S: 0.009 Si: 0.379 Cu: 0.056
Cr: 0.058 V: 0.005 Ni: 2.067 Mo: 0.463 Al: 0.001 T 0.018
Nb: 0,005 Co: 0.0060 B: 0.00192 W: 0.005 Sn: 0.00800
Zr: 0.00300 As: 0.00353
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APPENDIX B

WELDING ELECTRODE LOW HEAT INPUT CERTIFICATION LAB RECORDS
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APPENDIX C

WELDING ELECTRODE HIGH HEAT INPUT CERTIFICATION LAB RECORDS

Qualification of SAW Consumables and Procedures to ABS Rules

C-1



BMT Fleet Technology Limited

6134C.FR

Conpn it Cw&&@mm

fogh Reak Supur

eLi- bS Broe Mokl = U qlidunese
~36° b

OecP

1
ook oy n _

=W g<o

Vona A \/ ¥ W Tem? TS
(1em) (‘9‘:) hPh}
208

| 5o 35 {7 | 7/ i@ 4

2 b% 0 2 Ny ‘250 |y

Ej (LSD 3 s 250 5

4 LD 3 125 Ny 5~

S b 3 SR P Y 15

L (o3> 3¢ | & R oA 1S~

Qualification of SAW Consumables and Procedures to ABS Rules

C-2



BMT Fleet Technology Limited 6134C.FR
APPENDIX D
WELDING ELECTRODE CERTIFICATION TEST RESULTS
Qualification of SAW Consumables and Procedures to ABS Rules D-1



BMT Fleet Technology Limited 6134C.FR
4 Welding Electrode Certification Report Form 600-007
= BMT Fleet Technology 5040608
Client's Name |Appiicabie Standard: C5a Wa8-01
Date: 18-Aug-08 |Enginear: Alex Jodoin
Contract Number: 6134 \Witnessed By:
WELDING ELECTRODE CERTIFICATION REPORT
Tensile Test Results
1.0, Elongation (%) Diameter Area Yiald Load Maimum Load ¥.S. W.T.S.
i tin 50 mm) in. {mm} in.” (mm’} Ibs. (kM) Ibs. (kM} psi (MPa) psi (MPa)
"5‘2_2'”"' 6.1% 0.501 12.7 0197 | 1271 | 16500 73 17,430 78 ga783 578 | 88505 610
= ik 15.1% 0484 | 126 | 012 | 1238 | 18800 | T 18450 | 82 | 8285 571 | 95148 863
55‘_?:"—“ 25,4% 0.505 128 | ozo1 | 1204 | 18425 | 85 21,040 94 95384 | 658 | 104813 | 723
55'?_2"‘“ 24,79, 0505 128 | o200 | 1282 | 19125 | 85 | 21010 | o3 | os4e8 | ess | 104811 | 723
)}“ % S
A9 ’
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P
{5 BMT Fleet Technology Impact Test Report | ™™ 70000,
CONTRACT NO.:
TECH:
SPECIMEN SIZE:
DATE:
- el A
| SetatZero 17 Qeg P
SPECIMEN No. TEMP. FT.LBS LAT. EXP %SHEAR
©5-CT-Hil
l | e 2
/2 /0¥
y s [05
3 /0%
s (03
©5-CT-LH
l - R F b
2 /00
3 75
4 79
5 Q5

FB00-011 Impact Test Report
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ISG PLATE INC. TEST
SHIF TO:
METALS USA FLATESL&SHAPES NWE LP
50 CABO
LANGHOENE PA 13047
SOLD TO SEND TO:

ﬁgiu.s USA PLATESSSHAPES NE LP

50 CABOT BOULEVARD EAST
LANGHORNE PA

15047
FLATE DIMENSTIOHNS ! D-ESCRIP
TOTAL
QTY GAUGE WIDTH LENGTH DES
1 .5 6" agon RE|
12,7 2438 4MM 9144 RE
CUSTOMER INFORMATION

CUSTOMER PO: PHI-T300

CERTIFIGATE

PAGE NO: OF D4
FILE NO: 5201 03-04
MILL ORDER NO: 53806-001
MELT HD 6
SLAB H ?
DaTE 05/25/086
01-0
TIOW
PIECE
CRIPTION WELGHT
CTANGLE 49014
CTANGLE 2223KG

SPECIFICATION ({S)
THIS MATERIAL HAS BEEN MANUFACTURED AND TESTED IN ACCORDANCE WITH
OFDER REQUIREMENTS AND SPECIFICATION(S). ° FURCHASE
ASTH AS45 YR 05 GR 65
ﬂﬁgcazﬁ%%ﬁacegﬂuﬁﬁn A CER%HFIED QUALITY MGMT SYSTEM
1 COMPLYIHNG WI
I20 9001 ABS-QE CERT. N0, 30130 TH
CHEMICAL COMPOSITION
c My B 3 cu 5T NI CR
MELT:U7686 210 1.41 .011 (003 26 .22 .36 |15 1:13?
v TI AL CE o)
MELT:UTEH6 LO064 ,011  ,013 022 .0066
MANUFACTURE

FINELINE - VACUUM DEGASSED - FINE GRAIN PRACTICE

WE HEREBY CERTIFY THE ABOVE
INFORMATION IS CORRECT:

QUALITY ASSURANCE LABORATORY P

COATESVILLE, PA 19320

BMT FLEET TECH. LTD.
PO# VERBAL-DARREN
WO# 167141

R — TEST REFOR
ELINORE ZAPLITNY

Noted as Part of ABS report# TO1022213

Qualification of SAW Consumables and Procedures to ABS Rules

E-2



6134C.FR

BMT Fleet Technology Limited

Yard

12:20p Steel

Apr 02 07

HOLVHISININAOY SAHOHE TN

DTN A AN LLSTHHD

A STUW 1ELS NODIHO |0 eRUOSEI BI} U] PaUiRUEY U 128153 B D) BACE U A6 |

068SPS0d
@R-T3l

[ wﬂ.a__mw.

) Lk o
sqT/35 00T/0CT 05 06 w007

ENT4ETHS 40 NWSENE NYOT g poZE HEL BLin 2D
ATEVOITATY b @ P uI qEaTHHSET

Q=T
{AINO 24 [T

a
y (oD0"PHT X
(ETHO Od [T} {0007 PHT X

- @
E-on 4

ki yzit 65 T00M

3 zuLw__ ¥oi 4 SO 08T IV 4
STz Er ¥ E¥BST0 B yzo GSTOO
8gz" ¥ EPEE0 B v STOOR
QT G554 | 098 55 T00H

|

“..n»v\..u\\..v\u e Y g ¥ il
S s i 1 _ A\ _.
vbeoned] suoakie aslomg |eeeereee
L N QTP HL: muj: wIELo TN "¥Sn FEL NI WaNNVR B QELIEH (+) BIIM| aziwhIaNT| SIvaEH
gan’| z0° ¥ €O > TEG"| 00" gp0*| Zo°> TO*» O0OL°| TOOS ETO" |9E°'T m._.._. FSTOON
z) b | ] il S [fe] v g3 A N nJ = ] d i} ] O Iv3H

THEIVH FHL IVHL AJIIHED ASFUdEH EM Iy

TYITHON TdEM SZEYId SHINGTIOI SHL

ETYLOL BET OLOE sod E

847 0LOE 534 €

HOIIALILSENG JZIS
HOILNIILSEOE HIIS

TI0-GET9E-26 = MEVI

MHOS0E X WWGEIT ¥ WHST

GLO"DET X BIT'EY X E¥EE°Q|C

*EXINSEY KHQLOWASILYS HIIM STIOE
000N NI QEISEL ONY ROIIMDIZIIOELS

SLOWdNI

WEEHIHOH HOLONTTENE

S HIH0Hd TVIISAHI

T EY-0a

PHTIVY ALTHOINE SEHE FOVHD S€Y IIVId ALTTYAD TVHALONYLS VISH WSO
545 IHL 1IN 0L GNNO4 ONY TELIAL'OTHALIVIANTA NIFH 5¥H TVIHALYH SIHL

a3

NOLLdIEOSEC

v SININIHINDIE HIOHD FIVHILIID GNY SHOLLYIIHID
T PO0Z/62/90 LE9TTE * | it
3 Ol DHLGIHE o I .uv.ﬁn_ .ﬁ#
©av-4 | ETTZ6 W2 'ODEId NWS I L CEETETE
o4 DIWEOr LT 4015 TIVH | 8LZE-08TT6 Yo 'CSZIA NYS
| Wi D-09E6E0S BLTSE XOH 04 ‘HAING MOUHVE 86LE BLZSE ¥OH o4 ..u- NOQ@O&
_ N B0 HEWEIST SHAMOE HAYNa IV AIEVAYd SALHNODIW FHILY 0|y 5
_ ¥I9831 ONIQIINEAIHS ¥ TIALS TYHOTLVH ONIQTINGAIES ® TaRis TWNOIIXN | § %t.ﬁ.w .,uuv i
_. 3 OM 3CH0 T _
[T ¥o0z "6z URE[ LEOTIE Saso0vz (508 %51 1596-882 (£05) + 026 U0BAIQ PUENCd '0SLT XOB Oc
= av0 | ON AL 51531 WOISAHINYIIHIND 40 JHDd3Y “:‘E E hh. Eauna

E-3

Qualification of SAW Consumables and Procedures to ABS Rules



BMT Fleet Technology Limited 6134C.FR

MITIAlI DIEE UDA DUrns marbul Fidie
CLALITH ASEGRANG E
FEOTA; oF TEST AND AMBVLSES o
TR Eer e WA D WERCLE ND

ANDSTAR RANGER _'U'LI_-.R_.‘I.L_IMJ_E'AEE__ 2_ .

RS
51_11'3 .2po82 .. 12-14-08
s WATIONAL STEEL & SHIPRUTLDING co - NATIOMAL STEEL & SHIPBUILDING CO
o PO BOX BS2T7E " ZATH ST & HARBOE DR
L SAN DIEGO CA 92186-5278 SaN PIEGO CA 92113
:_-,:
ry Pk T___\B-."' A Ly ST =T TrT o
a AFRAL PAF TR ! (Ta) |_ THEHNEES WRETTH R ran | e =il e B | éﬁsn L {'—u_y
Tl wemes | wE PAMEER I
MM MM M KILO MPA MPA MM % %

OUALITY STEEL MELTED & MANUFACTGRED IN THE U. S. R.
PLATES - MBE GR EH16 ELD FINE GRAIN PRAC REV
2006, CH-V AR73 FREQ (P) L 25/18
FTLES AT -40F --- PLT NORMALIZED &
COOLED IN STILL RIR CH7B4319
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ISG Burns Harbor Plate, Inc.
QUALITY ASSURANCE
REPORT OF TESTS AND ANALYSES

SHIPMENT MO DATE SHIPFED CaR QR YVEHECLE NO.
B03-16184 00-00-00 PAGE 1
g HETALS USR PLATES & SHAI MET,
S| 50 CABOT BLVD EAST 50 CABOT BLVD F3
L LANGHORME PR 15047 LANGHORNE PA 15047
0|
T
0
& SR paT HEAT N i7
E Wh e i i i INCHES ITHCHES IRCHES POUN'I:IS PSI PEI 1IN
QUALITY STEEL MELTED & MANUFACTURED IN THE U. S. A.
PLATES - ASTM AS45-00 GR 65 MOD N.012 MAX
TI.005/.02 KLD FINE CRAIN PRAC,
CH-V A6731 FREQ (P} T 70 FTLE AT
-40F --- PLT CONTROL ROLL
MO WELD REPAIR WAS PERFORMED ON BELOW PLATE(S)
MFST - LIFT MAX 10 TON-S5IEES & GAUGES SEP UNLDG
OH-HOOK-CHAIN
Ccof PHI-B8079 GH 366-5318
5257039 832P3865%0 1 40.84 LB 86 360 9801 77100 90100 B 25
85257040 832P3B630 1 40.84 LB %6 360 94801 74700 B9300 B 25
0-OUENCH TEMPERATURE T-TEMPER TEMPERATURE HORMALIZE TEMPERATURE
1 CHARET [MPRCT
sERiAL | PAT| HEAL. HARD | BEND | THICKNESS wpel size (D] TEOT| ENERPY', LBS.| SHEAR[%) LATERP  MIL
NUMBER MG | HUMBER INCHES I'Fl-l-;-'! T T3 T T —1
5257039 B3Z2P3B6D0D 1.000 V FULL T -40 90 126 104
52570440 B32P3B6S0 1,000 Vv FULL T -40129 127 120
CHEMICAL ANALYSIS Iuguu D
HEAT NUMBER |3 |“n I P I 5 |&|Cu]nl]:r|unju|ﬁj,uia | cb'"lsu[sm

B3ZP36650 .09 1.45 .021 .005 .283.025 .01 .04.008.068.017.028.0002 .028.006

Fpenily il tzmumu B & 1om bl DT Eik mppdhhwm i idusirvad i renonds radelakoed h‘flnllm-h-l B:.i&mp-u.-mummpumdh Fa
o 1 o, liral Pt i e e il Lo Lmnaemid ubsgueni Ehind party fesl rgoris, || recuied,
IF-nm;“;E:musunc:mrltu O S CONPLYIND WITH (5 OWMH-C:L::;!!MH st wEh A b

SUPV. QAALITY ARSURARCE D.,W. ELWOOD WK

PUTSTRET M0F

BMT FLEET TECH. LTD.
PO# VERBAL-DARREN
WO# 167141
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LAB RECORDS AND WELDING PROCEDURE DATA SHEETS
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C'BMT Fleet Technology

Sheet

Welding Procedure Data

WPS No.:

WPDS No.:
36-OSW-0.5

Welding Process: SAW Electrode Type: Metal Cored

Flux: Lincoln MIL-800H

Radius = 154
Filler Metal Identification: AWS A5.23 ECM3 Copper Backing Bar \
— | w |
Material Specification: EH36 ; . 'L ,
- ]
] ] * -
Preheat Temperature (°C): 66 1 i i .
Interpass Temperature (°C): N/A E— 12 — [
Preheat Method: Torch
Position of Welding: Flat \(— © ‘\/
Travel Direction Lead Wire: 0°Drag Travel Direction Trail Wire: 15°Push Angle
Current: CV Polarity: AC (66% DCEP 34%DCEN) }
Manual, Semi-Auto, Auto,Machine: Machine I Rf
Single or Multiple Arc: Multiple (Tandem Arc) —’| |‘—
Rg
Single or Multipass: Single
Cleaning Method: Grind to remove scale 2" in all directions of joint
© =50° Included Angle Rg=0 Rf=1/8
. : Flux Contact Travel Electrode
Material Tandem Electrode Wire Feed " .
Thickness Process Weld Sequence Size Speed Depth Amps Volts 'EI[;:: Speed Spacing
In. Wire Side Layer Pass In’s ipm In. A \" In. ipm In.
Lead 1 1 1 5/32 140-145 1 900 30.5 1-1/4
1 30 718
Trail 1 1 1 5/32 120-130 1172 660 35 1-1/2
Procedure Qualification Record No.: Procedure Notes: Approval:

Date:
FTL:

Fill groove in copper backing bar flush with flux.
Copper backing bar shall fit tight to back of
plate.

Flux shall be baked and held in a holding oven
at temperatures within manufacturer’s specified
range.

Qualification of SAW Consumables and Procedures to ABS Rules
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= WPS No.:
C_ Welding Procedure Data
] Sheet WPDS No.:
& BMT Fleet Technology 36-05.05
Welding Process: SAW Electrode Type: Metal Cored Flux: Lincoln MIL-800H
Filler Metal Identification: AWS A5.23 ECM3
Material Specification: EH36
CJP
Preheat Temperature (°C): 66
Interpass Temperature (°C): 66
Preheat Method: Torch
Position of Welding: Flat
Travel Direction Lead Wire: 0°Drag Travel Direction Trail Wire: 15°Push Angle R |
Current: CV Polarity: AC (66% DCEP 34%DCEN) Rg
Manual, Semi-Auto, Auto,Machine: Machine
Single or Multiple Arc: Multiple (Tandem Arc) Weld first side of joint, flip plate and weld side 2.
Rg=0
Single or Multipass: Single 9
Cleaning Method: Grind to remove scale 2" in all directions of joint
. : Flux Contact Travel Electrode
Material Tandem Electrode Wire Feed ' .
Thickness Process Weld Sequence Size Speed Depth Amps Volts 'gl;;tt: Speed Spacing
In. Wire Side Layer Pass In’s ipm In. A \" In. ipm In.
Lead 1 1 1 5/32 150 1/2 950 30 3/4
45 718
Trail 1 1 1 5/32 125 11/2 600 35 1-1/4
1
Lead 2 1 2 5/32 140-145 1/2 950 30 3/4
45 718
Trail 2 1 2 5/32 140-145 11/2 600 35 1-1/2
Procedure Qualification Record No.: Procedure Notes: Approval:
Flux shall be baked and held in a holding oven
Date: at temperatures within manufacturer’s specified
range.
FTL:
Qualification of SAW Consumables and Procedures to ABS Rules F-7
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WPS No.:

_ Welding Procedure Data
f— Sheet WPDS No.:
& BMT Fleet Technology

36-OSW-1

Welding Process: SAW Electrode Type: Metal Cored Flux: Lincoln MIL-800H

Radius = 114

Filler Metal Identification: AWS A5.23 ECM3 Copper Backing Bar /,/‘i .

Material Specification: EH36 /// .!'1‘ | 3'3?1 I&
Preheat Temperature (°C): Ambient | I .
Interpass Temperature (°C): N/A EE— 12 — I

Preheat Method: N/A

Position of Welding: Flat \( 8 —\/
Travel Direction Lead Wire: 15°Drag Travel Direction Trail Wire: 0°Angle

Current: CV Polarity: AC (66% DCEP 34%DCEN) } l
Manual, Semi-Auto, Auto,Machine: Machine I Rf
Single or Multiple Arc: Multiple (Tandem Arc) |“—
Rg
Single or Multipass: Single
Cleaning Method: Grind to remove scale 2" in all directions of joint
© =50° Included Angle Rg=0 Rf=1/8
. : Flux Contact Travel Electrode
Material Tandem Electrode Wire Feed " .
Thickness Process Weld Sequence Size Speed Depth Amps Volts 'glztt: Speed Spacing
In. Wire Side Layer Pass In’s ipm In. A \" In. ipm In.
Lead 1 1 1 5/32 200-215 1 1150 32.5 1/2
1 17 4
Trail 1 1 1 5/32 250-265 13/4 950 42.5 2

Procedure Qualification Record No.: Procedure Notes: Approval:

Fill groove in copper backing bar flush with flux.
Date: Copper backing bar shall fit tight to back of

plate.
FTL: i i

Flux shall be baked and held in a holding oven

at temperatures within manufacturer’s specified

range.

Qualification of SAW Consumables and Procedures to ABS Rules F-8
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€'BMT Fleet Technology

Welding Procedure Data | "™
S heet WPDS No.:

Welding Process: SAW Electrode Type: Metal Cored Flux: Lincoln MIL-800H

Filler Metal Identification: AWS A5.23 ECM3

Position of Welding: Flat

Material Specification: EH36 v_ 6 1 _\/
Preheat Temperature (°C): 66 \ V4

i N /
Interpass Temperature (°C): 66 \ /
Preheat Method: Torch 1o

Travel Direction Lead Wire: 0°Drag

Travel Direction Trail Wire: 15°Push Angle

m

Current: CV

Polarity: AC (66% DCEP 34%DCEN)

Manual, Semi-Auto, Auto,Machine: Machine

Single or Multiple Arc: Multiple (Tandem Arc)

E;=7/16, Ex=1/4

Single or Multipass: Single

Cleaning Method:

Grind to remove scale 2" in all directions of joint

T D)
/™ —6,—"\

©4=70° Included Angle, ©,=90° Included Angle, Rg =0, Rf=5/16,

Date:
FTL:

Flux shall be baked and held in a holding oven
at temperatures within manufacturer’s specified
range.

: : Flux Contact Travel Electrode
Material Tandem Electrode Wire Feed ' .
Thickness Process Weld Sequence Size Speed Depth Amps Volts 'gl;;tt: Speed Spacing
In. Wire Side Layer Pass In’s ipm In. A \" In. ipm In.
Lead 1 1 1 5/32 160-180 1/2 1000 32.5 1-1/4
38 718
Trail 1 1 1 5/32 210-220 1172 850 36 1-1/2
1
Lead 2 1 2 5/32 140-145 1/2 950 32.5 1-1/4
45 718
Trail 2 1 2 5/32 150-155 11/2 725 35 1-1/2
Procedure Qualification Record No.: Procedure Notes: Approval:

Qualification of SAW Consumables and Procedures to ABS Rules
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Position of Welding: Flat

Travel Direction Lead Wire: 0°Drag

Travel Direction Trail Wire: 15°Push Angle

= WPS No.:
C_ Welding Procedure Data
) Sheet WPDS No.:
& BMT Fleet Technol ogy 65-0SW-05
Welding Process: SAW Electrode Type: Metal Cored Flux: Lincoln MIL-800H Radlus = 1/4
Filler Metal Identification: AWS A5.23 ECM3 Copper Backing Bar ///(
I
~ 1 1] I
Material Specification: HSLA-65 - 1 | ¥y i
Preheat Temperature (°C): 66 | I 3;
Interpass Temperature (°C): N/A S w2 — !
Preheat Method: Torch

Current: CV

Polarity: AC (66% DCEP 34%DCEN)

Manual, Semi-Auto, Auto,Machine:

Machine

4

]

Single or Multiple Arc:

Multiple (Tandem Arc)

Single or Multipass: Single

Cleaning Method:

Grind to remove scale 2" in all directions of joint

Rf

T

© =50° Included Angle Rg=0 Rf=1/8
. : Flux Contact Travel Electrode
Material Tand: Electrod Wire Feed " .
Thi?:l?r::‘ss Pf:c:s"s' Weld Sequence e;i;: € Speed Depth Amps Volts 'glztt: Speed Spacing
In. Wire Side Layer Pass In’s ipm In. A \" In. ipm In.
Lead 1 1 1 5/32 150-160 1 925 29.5 1-1/4
1 30 718
Trail 1 1 1 5/32 125-140 11/2 660 35 1-1/2
Procedure Qualification Record No.: Procedure Notes: Approval:
Fill groove in copper backing bar flush with flux.
Date: Copper backing bar shall fit tight to back of
plate.
FTL: i i
Flux shall be baked and held in a holding oven
at temperatures within manufacturer’s specified
range.
Qualification of SAW Consumables and Procedures to ABS Rules F-10
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= WPS No.:
C_ Welding Procedure Data
] Sheet WPDS No.:
& BMT Fleet Technology 650505
Welding Process: SAW Electrode Type: Metal Cored Flux: Lincoln MIL-800H
Filler Metal Identification: AWS A5.23 ECM3
Material Specification: HSLA-65
CJP
Preheat Temperature (°C): 66
Interpass Temperature (°C): 66
Preheat Method: Torch
Position of Welding: Flat
Travel Direction Lead Wire: 0°Drag Travel Direction Trail Wire: 15°Push Angle R |
Current: CV Polarity: AC (66% DCEP 34%DCEN) Rg
Manual, Semi-Auto, Auto,Machine: Machine
Single or Multiple Arc: Multiple (Tandem Arc) Weld first side of joint, flip plate and weld side 2.
Rg=0
Single or Multipass: Single 9
Cleaning Method: Grind to remove scale 2" in all directions of joint
. : Flux Contact Travel Electrode
Material Tandem Electrode Wire Feed ' .
Thickness Process Weld Sequence Size Speed Depth Amps Volts 'gl;;tt: Speed Spacing
In. Wire Side Layer Pass In’s ipm In. A \" In. ipm In.
Lead 1 1 1 5/32 150 1/2 950 30 3/4
45 718
Trail 1 1 1 5/32 125 11/2 600 35 1-1/4
1
Lead 2 1 2 5/32 140-145 1/2 950 30 3/4
45 718
Trail 2 1 2 5/32 140-145 11/2 600 35 1-1/2
Procedure Qualification Record No.: Procedure Notes: Approval:
Flux shall be baked and held in a holding oven
Date: at temperatures within manufacturer’s specified
range.
FTL:
Qualification of SAW Consumables and Procedures to ABS Rules F-11
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Position of Welding: Flat

Travel Direction Lead Wire: 15°Drag

Travel Direction Trail Wire: 0°Angle

Current: CV

Polarity: AC (66% DCEP 34%DCEN)

Manual, Semi-Auto, Auto,Machine:

Machine

Single or Multiple Arc:

Multiple (Tandem Arc)

Single or Multipass:

Single

Cleaning Method:

Grind to remove scale 2" in all directions of joint

= WPS No.:
C_ Welding Procedure Data
] Sheet WPDS No.:
& BMT Fleet Technol ogy 65-0SW-1
Welding Process: SAW Electrode Type: Metal Cored Flux: Lincoln MIL-800H Radlus = 1/4
Filler Metal Identification: AWS A5.23 ECM3 Copper Backing Bar 2 /‘{
I
~ 1 1] I
Material Specification: HSLA-65 // 1 | e H
Preheat Temperature (°C): Ambient | I 3;
Interpass Temperature (°C): N/A EE— ! — !
Preheat Method: N/A

4

]

Rf

T

© =50° Included Angle Rg=0 Rf=1/8
. : Flux Contact Travel Electrode
Material Tandem Electrode Wire Feed " .
Thickness Process Weld Sequence Size Speed Depth Amps Volts 'glztt: Speed Spacing
In. Wire Side Layer Pass In’s ipm In. A \" In. ipm In.
Lead 1 1 1 5/32 200-230 1 1150 325 12
1 17 4
Trail 1 1 1 5/32 280-300 13/4 950 42.5 2
Procedure Qualification Record No.: Procedure Notes: Approval:
Fill groove in copper backing bar flush with flux.
Date: Copper backing bar shall fit tight to back of
plate.
FTL: i i
Flux shall be baked and held in a holding oven
at temperatures within manufacturer’s specified
range.
Qualification of SAW Consumables and Procedures to ABS Rules F-12
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€'BMT Fleet Technology

Welding Procedure Data | "™
S heet WPDS No.:

Welding Process: SAW Electrode Type: Metal Cored Flux: Lincoln MIL-800H

Filler Metal Identification: AWS A5.23 ECM3

Position of Welding: Flat

Material Specification: HSLA-65 v_ 6 1 _\/
Preheat Temperature (°C): 66 \ V4

. N /
Interpass Temperature (°C): 66 \ /
Preheat Method: Torch 1o

Travel Direction Lead Wire: 0°Drag

Travel Direction Trail Wire: 15°Push Angle

m

Current: CV

Polarity: AC (66% DCEP 34%DCEN)

Manual, Semi-Auto, Auto,Machine: Machine

Single or Multiple Arc: Multiple (Tandem Arc)

E;=7/16, Ex=1/4

Single or Multipass: Single

Cleaning Method:

Grind to remove scale 2" in all directions of joint

T D)
/™ —6,—"\

©4=70° Included Angle, ©,=90° Included Angle, Rg =0, Rf=5/16,

Qualification of SAW Consumables and Procedures to ABS Rules

. : Flux Contact Travel Electrode
Material Tandem Electrode Wire Feed " "
Thickness Process Weld Sequence Size Speed Depth Amps Volts 'gl;;tt: Speed Spacing
In. Wire Side Layer Pass In’s ipm In. A \" In. ipm In.
Lead 1 1 1 5/32 160-180 1/2 1000 325 1-1/4
38 718
Trail 1 1 1 5/32 210-220 11/2 850 36 1-1/2
1
Lead 2 1 2 5/32 140-145 1/2 950 325 1-1/4
45 718
Trail 2 1 2 5/32 150-155 11/2 725 35 1-1/2
Procedure Qualification Record No.: Procedure Notes: Approval:
Flux shall be baked and held in a holding oven
Date: at temperatures within manufacturer’s specified
range.
FTL:
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Ultrasonic Examination of Welds  Transducer: AWS0256 2.25 MHz 70° July 24 2008

Project: 6134 ° Side 1

70
Weld Identification: 36-DS-1
Material & Thickness: 1inch >
60

Weld Joint Identification:
Weld Process: __ SAW
Quality Requirements: Section # ABS Guide for NDT_

680 mm long

0o

Remarks: Calibration on DSC block, inspected as Side 2
AWS D1.1 cyclically loaded non-tubular structural weld. Scanned at +20 dB from both sides of weld, only rejectable reflectors
reported.

Distance

Length

Remarks

Indication Level

Indication Rating
Sound Path
Discontinuity
Evaluation

From

Transducer Angle
Angular Distance

(All distances are in millimetres)

Line Number
Indication Number
Half Skip Number
Depth from Surface

wpr

T | Reference Level
o | Attenuation Factor

X Y

jo}]
o

No rejectable reflectors found

O O N| o O &~ W N -

Attenuation Factor “c”: subtract 25.4 mm from the sound path distance and divide the remainder by 12.7

Qualification of SAW Consumables and Procedures to ABS Rules G-2
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Ultrasonic Examination of Welds

Project: 6134

Transducer: AWS0256 2.25 MHz 70°

Weld ldentification: 36-DS-1/2

Material & Thickness: ___ 1/2 inch
Weld Joint Identification:

Weld Process: __ SAW
Quality Requirements: Section # ABS Guide for NDT_
Remarks: Calibration on DSC block, inspected as

July 24 2008

CJP

Side 1

Side 2

623 mm long

AWS D1.1 cyclically loaded non-tubular structural weld. Scanned at +20 dB from both sides of weld, only rejectable reflectors

reported.

Line Number
Indication Number
Transducer Angle
Half Skip Number

S o
) ) 2 c
> > o =
1) 7} T ©
AFIEIE:
o 8 o c
=] < =1 R
I @ Js§] =
o b S 3
= c L
'8 ‘S D S
= o k=1 =

g =
a b c d

Length

Angular Distance

Sound Path

Depth from Surface

wp

Distance

From

X

Y

Discontinuity
Evaluation

Remarks

(All distances are in millimetres)

No reportable reflectors found

O O N| o O &~ W N -

Attenuation Factor “c”: subtract 25.4 mm from the sound path distance and divide the remainder by 12.7

Qualification of SAW Consumables and Procedures to ABS Rules
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Ultrasonic Examination of Welds  Transducer: AWS0256 2.25 MHz 70° July 24 2008

Project: ___ 6134 50° Side 1

Weld Identification: 65-OSW-1/2

Material & Thickness: __ 1/2 inch \ / :|
Weld Joint Identification: 3mm 623 mm lon

Weld Process: __ SAW Welded from Side 1 g

Quality Requirements: Section # ABS Guide for NDT_

Remarks: Calibration on DSC block, inspected as
AWS D1.1 cyclically loaded non-tubular structural weld. Scanned at +20 dB from both sides of the weld, only rejectable reflectors
reported.

S
(o))

e @ —_ o ) 8 c @ 8
|22 3| 3| 3| 8| = e | &
| E| S| | 4 - L o SS| 5 2c
2|3 |<| 5 c © c c | 28| & 5.9
ElZ|s5|z2| 8| 2| 88| 8| %8 |a2|e: : ==
2 AR s = = 2 Qs g < | Distance =
s ||| 2| | 3 2 S| 3§ |=s5|&° 3s Remarks
c 51 2 | n =] 7} [} S SO | @ 7
S| 5 || E o £ 2 D0 |5 From au

e —- © < _ c o . . —

S| F | T < 2 (All distances are in millimetres)

a b c d X Y
1|70 2 | +3.7| 570 2 +2 28 53 7.3 | 320 | -19 This reflector is 8 mm outside weld

zone in base metal.

O 0| N o O &~ W N =

Attenuation Factor “c”: subtract 25.4 mm from the sound path distance and divide the remainder by 12.7

Qualification of SAW Consumables and Procedures to ABS Rules G-4
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Ultrasonic Examination of Welds  Transducer: AWS0256 2.25 MHz 70° July 24 2008

Project: 6134 B Side 1

70
Weld Identification: 65-DS-1
Material & Thickness: 1linch >
60

Weld Joint Identification:
Weld Process: ___ SAW \
Quality Requirements: Section # ABS Guide for NDT_ Side 2

680 mm long

Remarks: Calibration on DSC block, inspected as
AWS D1.1 cyclically loaded non-tubular structural weld. Scanned at +20 dB from both sides of weld, only rejectable reflectors
reported.

S

— 3 —_— =] =2 b}

o | & 5 L [ o = @ =}
.|l el 8] 3 3 & = e 8 -
I} S c c - | L x SS | = 2 c
Fe] ] < =] c @ c k] E 2 > O
ElZ2| 5|2 8 e =) S S Ao @, . EE
2 s| 8| a| B § = = = E £ < | Distance £ S
s | = |-l x| 8 8 2 S g 85| &F 8 c Remarks
c 51 2 | n © 7} [} S SO | @ 7
J|le|s|ls| = | ¢ E < 20|35 From au

c | = f < < 2 (All distances are in millimetres)

a b c d X Y

No rejectable reflectors found

O 0| N o O &~ W N =

Attenuation Factor “c”: subtract 25.4 mm from the sound path distance and divide the remainder by 12.7

Qualification of SAW Consumables and Procedures to ABS Rules G-5
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Ultrasonic Examination of Welds

Project: 6134

Transducer: AWS0256 2.25 MHz 70°

Weld ldentification: 65-DS-1/2

Material & Thickness: __ 1/2 inch
Weld Joint Identification:

Weld Process: ___ SAW
Quality Requirements: Section # ABS Guide for NDT_
Remarks: Calibration on DSC block, inspected as

July 24 2008

CJP

Side 1

Side 2

623 mm long

AWS D1.1 cyclically loaded non-tubular structural weld. Scanned at +20 dB from both sides of the weld, only rejectable reflectors

reported.

Line Number
Indication Number
Transducer Angle
Half Skip Number

S =2}
© D 8 c
> > S =1
) ) (S 1]
| | L. Y

c
% 3] o <
= c = i=l
© @ © -
o 5 S 5]
2 ) )
- Y= c —
c ) 8 °
- @ b= c

< —
a b c d

Length

Angular Distance
Sound Path

Depth from Surface

wpn

Distance

From

X Y

Discontinuity
Evaluation

Remarks

(All distances are in millimetres)

No reportable reflectors found

O 0| N o O &~ W N =

Attenuation Factor “c”: subtract 25.4 mm from the sound path distance and divide the remainder by 12.7

Qualification of SAW Consumables and Procedures to ABS Rules
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Qualification of SAW Consumables and Procedures to ABS Rules

£ - - -
= Welding Electrode Certification Report Form 600-007
=i BMT Fleet Technology 2-040628
Client's Name JAppiicabie Standard: CoAWas0l
Date: 18-Aug-08 |E ngineer: Alex Jodoin
Contract Number: 6134 Jwit d By:
WELDING ELECTRODE CERTIFICATION REPORT
Tensile Test Results
i.0. Elongation (%) Diameter Area Yield Load flaximum Load Y.S. u.T.S.
(i 28 mmi in. {mm} in. {mm°) Ibs. (kM) Ibs. (k) psi (MPa) psi (MPa)
3E'TD18'1 24.3 0249 | 6316 | 0049 | 313 | 4566 | 20311 | 5039 22415 | 94022 648 | 103762 | 7I5
35‘%5'1 228 0243 | 6318 | 0048 | 314 | 4486 19957 | 4970 @ 22108 | 92316 @ 636 | 102256 | 705
65'1':-"13" 25.0 0250 | G352 | 0049 | 817 | 4448 | 19786 | 4885 | 21,641 | 90,557 @ 624 | 99,047 | 683
55'1'_323" 24.1 0250 | G346 | 0048 | 316 | 4443 | 19763 | 4926 | 21912 | 90826 625 | 100478 | 693
Fosw-1 23.8 0249 | 6319 | 0049 | 314 | 3486 | 15508 | 4722 | 21,002 | 71715 494 | 9raz1 | 670
55'%?“"1 29.2 0250 | 6338 | 0040 | 315 | 3es1 | 16418 | 4864 | 21,636 | 75477 520 | os.4e4 | 6ss
ss-c;szw-1 25.8 0240 | 6316 | 0049 | 313 | 3514 | 15633 | 4598 | 20455 | 72358 499 | 94,681 | 653
M
N n 0%
] g0
17 9
H-2
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36D51TL
Created using the Tensile Automation Tool Date: 8/19/2008 2308
Disp. Conv. Disp. Units Load Conv, Load Units Gauge Len; GL Units  Shape Created by Al
1 mm 4.4483222 kN 25 mm
Bound Tensile PRESS (Cntrl + g) to REDO regression calculations.
Diameter £.316 mm Slope Load Walues
Area 31.33099% mm"2 Load 1 200|Load 1 row 109
Displ.[V] Load [V] Strain [¥%] Stress [MPa] Load 2 ___4o0]Load 2 row 181
Slope 1579.255]
| Intercept  3.98E-13
| — |
| [ J‘_‘ - .| Linear Regression
| = 600 | Strain (%] Stress (WP 0.2% Offse1 0.5% EUL  Stress
| § | 0 398613 02 0.5 0
| w — -2E-16 0 02 0.5 890.6648 0.075073
| E 005 98.95276 0.25
|60 = | 0.1 197.9255 0.3
100 :ﬂf- / —_—t————— 015 2968883 0.35
04 e e T T 0.2 395851 04
o 0.2 0.4 0.6 0.8 1 04 79L.7021 0.6
| Strain [%] 0.45 BI0.6648 0.65 : :
| [Optional editing to define helght of regression lines)
| Results: E{viad.) ¥5({0.2%) YS(0.5%) uTs EUL (%) | Elongation (%)
| 197926 648.3 648.0 715.4 8.06 24.34
[ a0 o
700 i ‘:7[44/&'
— BO0 - — ke 7
% 500 - S l [ ,{;‘(-r " ?gc‘é/
w 400 — i A
¢ 300 .
& pop - - L
100 e —— N
0 e — |
4] 10 15 20 25 30 |
Strain [%6] '

Qualification of SAW Consumables and Procedures to ABS Rules
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Created using the Tensile Automation Tool

3605172

Date:

TR

2201

0.005172

EUL (%)
8.11

| Elongation {%)
22.85

Pa fWo’ﬂ

ad

| 9

Disp, Conv. Disp. Units Load Conv. Load Units Gauge Len GL Units  Shape Created by AJ
1 mm 4448223 kN 25 mm
Round Tensile PRESS (Cntrl + q) to REDO regression calculations.
Diameter 6.318 mm Slope Load Values
Area 3135084 mm"2 Load 1 200)Load 1 row 113
Displ.[V] Load [V] Strain [%] Stress [MPa] load2  400fLoad 2 row 187
; - Slope 1922.116
‘ intercept  1.14E-13
700 / —— | = -
500 - | IIJnEal Regression
'E‘ 00 B - | Strain [%] Stress [MP.0.2% Offse 0.5% EUL Stress
s 400 | | D 1.14E13 02 0.5 0
- | =5.9E-17 4] 0.2 0.5 768.8465
£ 300 7 ’ 005 9610582 0325
© 200 4 : | 01 192.2116 03
100 - S | 015 2883175 0.35
0 = / | 0.2 384.4233 04
4] 0.2 0.4 0.6 0.8 1 0.35 &672.7407 0.55
Strain [%] ‘ 0.4 768.8465 06
| [Optional editing to define helght of regression lines)
: |Ilesul15: E(Mod.) ¥S(0.2%) VYS{0.5%) uTS
192212 636.5 636.9 7050
800 |
700 |
— G500
g 500 ‘
= 400
g ano - <4 |
w a0 |
100 - |
a 5 10 15 20 25
Strain [%]

Qualification of SAW Consumables and Procedures to ABS Rules
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6505171
Created using the Tensile Automation Tool Date: R 2333
Disp. Conv, Disp. Units Load Conv, Load Units Gauge Len; GL Units  Shape Created by AJ
1 mim 4448222 kN 25 mm
Round Tensile PRESS [Cntrl + g} to REDO regression calculations.
Diameter 6352 mm Slope Load Values
Area 31.68517 mm"2 Load 1 200§Laad 1 row 108
Displ.[V] Load [W] Strain [%] Stress [MPa] Load 2 400§Load 2 now 178
_ o ' Slope 2062.913
Intercept  2.27E-13
700 - —
&00 e Lingar Regression
T oen 1 Strain [%] Stress [MP.0.2% Offse 0.5% EUL  Stress
g o i 0 2.27E13 0.2 0.5 0
w 400 -1.1E-16 o 02 0.5 7220195 -0.00039
2 0T 005 103.1456 0.25
w200 - 0.1 206.2913 03
00 T 0.15 309.4369 0.35
Q- - — 0.2 4125826 04
4] 0.2 0.4 0.6 0.8 1 0.3 61858739 0.5
Strain [%) 035 722.0195 0,55
[Optional editing to define height of regression lines)
Results: E(Mod.) YS{0.2%)  YSI0.5%) urs EUL (%} |Elongation ()
| 206291 624.4 6246 682.9 571 24.99
| 800 T
| 00
= 600 - Qs gsf’ri"g’/.
& |)£' 0¥
£ s00 ¥ Audh M
@ 400 - 1 !
] |
,E_. 300 4 |
" 200
100 ———
o - .
0 5 10 15 20 25 30

Strain [%:]

Qualification of SAW Consumables and Procedures to ABS Rules
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B5D51T2
Created using the Tensile Automation Tool Date: PrTE 2206
Disp. Conwv. Disp. Units Load Cony. Load Units Gauge Lem GL Units  Shape Created by A
1 mm 4448222 kN 25 mm
FBound Tensile PRESS (Cntrl + g) to REDO regression calculations.
Diameter 6.346 mm Slope Load Values
Area 31.62933 mm"2 Load 1 200|Load 1 row
Displ.[V] Load[V] Strain[%] Stress IMPE]_ ) Lo_agi 2 400|Load 2 row 167
| Slope
Intercept
OO
800 Linear Regression
T Strain 3] Stress [MP.0.2% Offse 0.5% EUL  Stress
-l 0 23613 02 0.5 o
E 400 T 1.22E-16 0 0.2 0.5 7443201 -0.00739
g 0T 005 93.04001 025
o 200 01 18608 0.3
100 7 0.15 278,12 0.35
i] 0.2 372.16 0.4
0 02 3.4 0.6 048 1 035 651.2801 0.5%
Strain [%] D.4 7443201 0.6
{Optional editing to define height of regression lines)
Results: E(Maod) YS{0.2%) YS(D.5%) uTs EUL (%) | Elongation (%)
156080 6248 6243 692.8 8.88 24.07
800 |
700 == = — |
T 600 e | W
£ ~—1 e o
w 400 - ——— P
$ age +—— — | g 44
@ 200 —] |
100 e d
o = — |
o 5 10 15 20 25 a0 |
Strain [%] :
H-6
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3605W1
Created using the Tensile Automation Tool Date: s 2247
Disp. Conv. Disp. Units Load Conv. Load Units Gauge Len) GLUnits  Shape Created by Al
1 mm 4448227 kN 25 mm
Round Tensile PRESS (Cntrl + g) to REDO regression caloulations.
Diameter 6.319 mm Slope Load Values
Area 31.36076 mm~2 Load 1 100jLoad 1 row 63
Displ.[V] Lead [V] Strain [%] Stress [MPa] load2  300fLoad 2 row 141
Slope 1857.47§
Intereept  2.84E-14
500 - = ~———| | |Linear Regression
T 400 | [otrain (3] Stress [MP.0.2% Offse 0.5% EUL  Stress
[ |
= [ 0 2.84E-14 0.2 0.5 0
m 800 || sEr 0 0.2 0.5 650.1165 0.035501
g 200 - 0.05 9287379 0.25
@ 100 0.1 1857476 0.3
015 278.6214 0.3%
0 - 0.2 3714352 0.4
4] 0.2 .4 0.6 0.8 1 | 0.3 557.2428 0.5
Strain [3%] | 0.35 6501165 0.55
- o | (Optional editing to define height of regression lines)
| Results:  E{Mod.) ¥5(0.2%) Y5{0.5%) uTs EUL (%) | Elongation (%6}
| 185748 484.5 499.1 B6Y.6 10.74 23.90
|7
-
=
| w
£ag —m— 1 M e
& o200 A v
WO ————] 4
a- - wree]. ||
0 5 10 15 20 25 a0 |

Strain [%]

Qualification of SAW Consumables and Procedures to ABS Rules
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GSOSWll'ﬂ
Created using the Tensile Automation Tool Date: Ly 2719
Disp. Conv. Disp. Units Lead Conv. Load Units Gauge Leny GL Units  Shaps Created by A1
1 mm 4845222 kN 25 mm
Round Tensile PRESS (Cntrl + g) to REDO regression calculations.
Diameter 6.338 mm Slope Load Values
Area 31.54964 mm~2 Load 1 100jLoad 1 row 62
Displ.[V] Load [V] Strain [%] Stress [MPa] load 2 300|Load 2 row 145
o o | |Slope 1886.91
| ntercept -2.86-14
[ R —— —————
1 | | Linear Regression
7 0T M Strain [%] Stress [MP.0.2% Offse 0.5% EUL  Stress
g 400 g = - 0 -2.8E-14 0.2 0.5 0
E 300 +/— — 1.51E-17 0 0.2 0.5 5660749 0.004307
| 2 .00 ) o 0.05 94.24581 0.25
| ® rd 0.1 188.6916 03
100 T4 "_ 015 283.0374 035
a f 0.2 377.3833 0.4
0 02 0.4 0.6 0.8 1 0.25 471.7291 0.45
Strain [%] 0.3 566.0749 0.5
(Optienal editing to define height of regressicn lines)
o Results:  E(Mod) ¥S(0.2%) YS(0.5%)  UTS EUL (%] | Elongation (%)
188652 5204 5229 585.8 9.58 29,21
‘ BOD T |
700 + ——
| g 600 (/ﬁ ‘\\ ——! W p
| 5 500 = — ﬁq Al
E‘ 400 ™~ | Aty ’gj
2 300 — | A -
@ 200 +—— i
100 —_— {
o — 1
0 5 15 20 25 30 35
Strain [%]
H-8
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g50swid = 7%
Created using the Tensile Automation Tool Date: A 2405
Disp, Conv. Disp. Units Load Conv, Load Units Gauge Leny GL Units  Shape Created by &1
1 mm 4448223 kN 25 mm
Round Tensile PRESS (Cntrl + g) to REDO regression calculations.
Diameter 6.316 mm Slape Load Values
Area 31.33099 mm*2 Load 1 150|Load 1 row 82
Displ.[¥] Load [V] Strain [%] Stress [MPa] Load 2 350|Load 2 row 159
T o Slope 1988.352
Intercept 0
BOO
500 — o oo e e ] Linear Regression
= | Strain %] Stress [MP.0.2% Offse 0.5% EUL  Stress
g 400" Vi -] o 0 0.2 05 0
w300 ——-?Z(———- B ——— 0 o 0.2 0.5 596.5055 -0.00447
£ 200 r —— 0.05 99.41758 0,25
® | | 0.1 1988352 032
oo / / — 0.15 298.2528 0.35
o - —— e 0.2 3976703 0.4
0 0.2 0.4 0.6 0.8 1| 0.25 497.0879 045
| Strain [%] 0.3 5965055 0.5
| (Optional editing to define height of regression lines)
| | |Results: E{Mod.] Y5{0.2%) ¥5(0.5%) uTs EUL{%] | Elongation (%)
198835 498.9 505.4 £52.8 10.66 25.76
TOO 7
BO0 - |
T 500 - : W
= 400 | ‘J/QM ,:LL{
2 pug 7
§ o00 , \4
# 200 {
100 |
o - ’
] 5 10 15 20 25 30
Strain [%]
H-9
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ﬂ"gog
% BMT Fleet Technology _TEN'S"-E TESTS
RESULTS Form F800-008
_ 2-040629
[ CONTRACT NO.: I |
TENSILE TESTS

SAMPLE NO. i Foasm|se DT
DIMENSIONS fug | 512278519 ¥, 23] RTX 73] -490%. 763

CROSS SEC. AREA < -l . 2753 | - 33;5’ . 3{’30 .3139

GAUGE LENGTH sl 2 a2 1 9

YIELD LOAD '

YIELD STRENGTH

MAXIMUM LOAD fﬁd‘n 30,000 | 30,300 18,060 /5,800

uTS. Pst 9436 {19206 59,293 | Q257

% ELONGATION :
R TR

sn_ | BM Weed | Wero
CROSSHEAD SPEED 26 - - -
BEND TESTS
SAMPLE NO.
SAMPLE THICKNESS
| MANDRELL sizE

DEGREE OF BEND

RESULTS

DATE: SUPERVISOR:

TECHNICIAN: INSPECTOR: M

Loy o o
g s

A DIVISION OF FLEET TECHNOLOGY LIMITED

- Noted as Part of ABS report# TO1022213
FB00-006 Test Results Form

Qualification of SAW Consumables and Procedures to ABS Rules I-2
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i
@ BMT Fleet Technology TENSILE TESTS
RESULTS Form F800-006
. 2-040629
[CONTRACT NO.: !
TENSILE TESTS
- 36 0SW-T| 36- 054/=1 &-DS-1 [36-B5-1

SAMPLE NO. W - ST zdw‘r-—f ! S T= 2

DIMENSIONS ws | Gsax KT ULx. 758 LIEF X TSR G687

CROSS SEC. AREA o /| 920 | 7229 CUER | T2

GAUGE LENGTH sl 2 2 Z o

YIELD LOAD T

YIELD STRENGTH

MAXIMUM LOAD Jbs 59,400 f?'ﬁ 06 £8,%00 |58 000

u.T.s. 7St 81‘410 80,033 81, Toy¢ 30{"{1.'1\

% ELONGATION

¥ :‘?;ﬂ’&f L and-n:...i

REBHETISNGFAREA Gallob | Bese Mk SH. BHA

CROSSHEAD SPEED 125 " fon

" BEND TESTS

SAMPLE NO.

SAMPLE THICKNESS

MANDRELL SIZE

DEGREE OF BEND

RESULTS

DATE: ﬂ 5. /9 / g SUPERVISOR:

TECHNICIAN:

L7

INSPECTOR: gy, W

g fva 0%

Noted as Part of ABS report# T01022213

A DIVISION OF FLEET TECHNOLOGY LIMITED

F&00-006 Tast Results Form

Qualification of SAW Consumables and Procedures to ABS Rules
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o
WE gBMT Fleet Technology TENS"—E TESTS
HESU LTS Form F600-006
2-040623
[[CONTRACT NO..
. TENSILE TESTS
SAMPLE NO. AR eas-|-1 (gg-as=1- )| 77"
DIMENSIONS ins | B65K.FETBYX . T4 A3 %74 | 485X Jyd 987K 753
CROSS SEC. AREA 5¢ ins. | 1368 | 7729 358 | 7309 | 432
GAUGE LENGTH sl A 2 Z > 2
YIELD LOAD |
YIELD STRENGTH
MAXIMUM LOAD s 162 boo | 61960 61800 | 44,0690 59 300
I ¥ 7
U.T.S. Psy |84 L | 8¢8q 83970 | 7o | 13190
% ELONGATION f 17 '
CHT LN
A ga | BK g | wees | wibsp
CROSSHEAD SPEED oy~
" BENDTESTS
SAMPLE NO. '
SAMPLE THICKNESS
MANDRELL SIZE
DEGREE OF BEND
RESULTS
DATE: SUPERVISOR:
TECHNICIAN: INSPECTOR: I}L W
=/ g oy oF

A DIVISION OF FLEET TECHNOLOGY LIMITED

Noted as Part of ABS report# T0O1022213
" F600-008 Test Results Form

Qualification of SAW Consumables and Procedures to ABS Rules
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yr 2
i BMT Fleet Technology TENSILE TESTS
RESULTS Form FE00-006
2-040629
[ CONTRACT NO.:
H -
£ " HYebied
TENSILE TESTS
SAMPLE NO. S “‘f{' : i
DIMENSIONS S |92 769 484 % . 740 7 K1 |.4e5 X Ko
. CROSS SEC. AREA $0. s 3'}3‘{’ .3678 . 36‘3 .8l
.." | GAUGE LENGTH ws| 2 2 2 ya

YIELD LOAD

YIELD STRENGTH

MAXIMUM LOAD 1he |22 go0 | 32706 31000 | 3aye@

7 L4 rd
TS psi|818¢L | 88 907 Se35C | 88072
BH BEM Werb EM

CROSSHEAD SPEED | y9 /.
| "~ BEND TESTS

SAMPLE NO.

SAMPLE THICKNESS

MANDRELL SIZE

DEGREE OF BEND

RESULTS

DATE: PL{) 19/o8  supERVISOR:
TECHNICIAN: L/T INSPECTOR: ,f" M

19 Peg of
A DIVISION OF FLEET TECHNOLOGY LIMITED
Noted as Part of ABS report# T01022213 :
F&00-006 Test Results Form
Qualification of SAW Consumables and Procedures to ABS Rules I-5
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CHARPY IMPACT TEST REPORTS
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U{J 6w

\/a" @P‘\

ey

!‘-e-j???BMT Fleet Technology Impact Test Report | ™™ 27000
CONTRACT NO.:
TECH:
SPECIMEN SIZE:
DATE: 7
[] SetatZero j’t’: ; 2::‘;,5‘1
SPECIMEN No. TEMP. FT.LBS LAT. EXP %SHEAR
\ - 'F 2%
9 29
3 47
y 20
5 6s
| - 20 31
2 }3
2 35
¥ o 4
S 34
'. - Qo'f Y3
2 Y1
3 ¢
y HYy
5 1]
) - W'F y
2 /077
3 11
Y G4
s /077

FB00-011 Impact Test Report

Qualification of SAW Consumables and Procedures to ABS Rules
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(Dr;\)%‘

, B()\
W39

(16 05w

W o9\

Sty

“wr BMT Fleet Technology ImpaCt Test Heport e E?Sfagil
CONTRACT NO.:
TECH:
SPECIMEN SIZE:
DATE: -
G
[l setat Zero / & Qug > ci
SPECIMEN No. TEMP. FT.LBS LAT. EXP %SHEAR
{ - 9o /42
3 134
3 /2%
¢ 15)
5 i3o
l -0 1Y
L a2
3 58
t 92
ol 70
l - o 61
7 72
3 70
¥ LY
< X4
\ -0 Ao
A 1
3 [3
Y L,{ 3
9 Exd

F&00-011 Impact Test Report

Qualification of SAW Consumables and Procedures to ABS Rules
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@‘&BMT Fleet Technology Impact Test Report | ™™ 700l
CONTRACT NO.:
TECH:
SPECIMEN SIZE:
DATE: =
[1 Setat Zero Vi;{ L’;:EJ;‘,._BJ
SPECIMEN No. TEMP. FT.LBS LAT. EXP %SHEAR
26 0%
Bl
\ -4 5|
1 50
3 51
Y )
4 5
S ~Ho Y | %%
L o |
] 2\
9 g
L ZL‘I,

F600-011 Impact Test Report

Qualification of SAW Consumables and Procedures to ABS Rules J-4
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=y
{2 BMT Floet Technology Impact Test Report | ™™ %500,
CONTRACT NO.:
TECH:
SPECIMEN SIZE:
DATE: .
j s
[1 setatZero > 19 fug 905
+ | SPECIMEN No. TEMP. FT.LBS LAT. EXP %SHEAR
20 D{"":\ | — L{ 8 J}—’- L{’}
Up: Vi 73
‘?1": i T 2 >
590
k> Y - Y'F oy
g 9
b H
’%‘005 \ | =y /05
v o d /i3
7 / 0%
Y 10
g 111
b ~Up*f 89
g (o0
3 [ 03
4 /00
Lo 7 g

F600-011 Impact Test Report

Qualification of SAW Consumables and Procedures to ABS Rules J-5
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%E%BMT Fleet Technology Impact Test Report | "™ 700
CONTRACT NO.:
TECH:
SPECIMEN SIZE:
DATE: ”
b G
L] SetatZero ;i‘t Aug Py
SPECIMEN No. TEMP. FT.LBS LAT. EXP Y%SHEAR
%ﬁv‘.”';h:\ '. e i L1
b 2 i
b [ty
¥ [l
5 [z
L _Jo'F 90
1 3g
6 B3
g ! 73
(> 35
o 05 \ -Yer /9
et 2 R
3 24
Y 77
$ 2y
G - Yo'F 18
7 K
3 13
i) (b
(o \-LF

FB00-011 Impact Test Report

Qualification of SAW Consumables and Procedures to ABS Rules J-6
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i

AN

7 BMT Flest Technology Impact Test Report | ™™ %01,
CONTRACT NO.: (é;l 2¥ C
;EEEEMEN SIZE: 104 u?ﬁc#
DATE: ,{\HH) [%'jb% I
W setatzero / |‘|' ".'“‘ﬁ'.; Vs
SPECIMEN No. TEMP. FT.LBS LAT. EXP %SHEAR
l -4 25
2 [ 2()/
2 " S8
4 -4 °F 24
5 ~4'f 53
6 -yof /9
l — YoF HYy
z 4y
7 30
1 ~YuoF | 32
5 24
b g
\ —°f T
L 5%
3 42
t - Ho'F 3|
5 3\
b 25

F600-011 Impact Test Report

Qualification of SAW Consumables and Procedures to ABS Rules
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ey

L .
% BMT Fleet Technology Impact Test Report | ™™ 5,
CONTRACT NO.:
TECH:
SPECIMEN SIZE:
DATE:
;:é\ r}"r_':-l;{‘?/;
[] setatzero P i¢ _’.?u‘q 2o
SPECIMEN No. TEMP. FT.LBS LAT. EXP %SHEAR
3,95 \ -4°F Joy
WW 2 L]
3 /09
Y /{4
5 /0
7D " -4°F /b9
N Z /85
2 7"}
l( é %.(
s 44

FE00-011 Impact Test Report
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BMT Fleet Technology Limited

6134C.FR

Bodycote ‘ "ddCdp %

Item

Materials Testing Laboratary OIS oIt
Bodyeote Testing Group, Chicago Laboratory, 7530 Frontage Road, Skokie, lllinois, 60077-3213
Tel: B47 676 2100, Fax: 84T 676 2132
Test Certificate

BMT Fleet Technology Ltd REF No T810271 : Issue 1
311 Leggett Drive Ord No 0240DB
Kanata, Ontario
Canada Date Tested 09/09/08

Date Printed 09/09/08
K2K 178 Date Received 08/27/08

Attn: Darren Begg
- CHEMICAL ANALYSIS OF 6 WELD SAMPLES

Specification - Not Applicable

C [¥ |[Mn [¥] [£1 [%1 [¥] [¥] [2] [*] Comments
001: .06 1.59 . 020 006 .32 1.24 06 .29 .05 <.02 04 | 65-05W-1 T1
002: 09 1.47 .012 006 31 1.07 .03 .26 .04 <02 .02 | 36-05W-1
003: A0 1.46 02 006 .32 .96 03 .23 03 .02 03 [36-05-1T1
|DD4: 6 1.49 017 007 .30 .97 .04 .23 .04 =.02 04 | 65-D5-1 Tl
005: .05 1.53 015 .007 .30 1.34 05 .33 06 <02 .03 | 65-CT-HH T1
|DD6: .04 1.54 013 .oog .33 1.88 .04 .45 .05 <.02 .01 | 65-CT-LH-T1
Nb [%1 |B [%) |7Ti [%1 [Zr [%] | N2 [%] |02 [%] Comments
001: <.02 0009 .03 =01 004 .021 65-05W-1 T1
002: <.02 0008 .02 =01 007 022 36-05W-1
003: <.02 0012 .03 <.01 007 .028 36-D5-1 T1
004: .02 . 0014 .03 =.01 004 031 65-05-1 T1
005: <.02 . 0013 03 <.01 004 033 65-CT-HH T1
106: <.02 0017 03 =01 004 042 65-CT-LH-T1
Analysis by ICP, OES, Combustion and/or Gravimetric Methods. Details
available upon request.

Section Manager/Metallurgist
For and on behalf of
Bodycote Testing Group

Thas cedificale should nol be repraduced ather har in full, withoul Ihe wrilten approval of Bodycote Malerisls Tesling Inc. Page 1of 1
These resulls pertain only to the itemis) lested as sampled by Ihe client unless olherwise indicated.
Tesling has been conducled 1o specificalion revision levels as described in Llhe Iabumlur{'s document contral procedure.
& recording of {alse, fickitious or raudulent ion an This may be d as a felony under federal law.
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BMT Fleet Technology Limited 6134C.FR

AMERICAN BUREAU OF SHIPPING
MISCELLANEOUS SURVEY REPORT

Customer Name BMT FLEET TECHNOLOGY LIMITED Purchase Order No.
Attending Office Toronto Report Number TO1022213
First Visit Date 08-Jul-2008 Last Visit Dale 19-Aug-2008

Statement of Fact

Survey Location : Ottawa, Ontario

Surveyor(s) to The American Bureau of Shipping
Attending Surveyors

Oldford Dan Electronically Signed on 28-Aug-2008
Reviewed By
Labrie, Michel Electronically Signed on 28-Aug-2008, Halifax Port

NOTE: This report evidences that the survey reported harein was camied out in compliance with one or more of tha Rules, ouides. standards or oiher critera of the American
Bureau of Shipping and is issued solaly for the use of the Bursau, its commiltess, its clients or other autherized entites. This Report Is a representation only that the vessel,
structura, jtem or material equipment, machinery or &y other item covered by this Report has besn examined for compliance with, or nas met one or more of the Rules, gukles,
standards or other criteria of Amercan Buraau of Shipping, The validity, applicablity and interpretation of this report Is govemed by the Rules and standards of American Bureau
of Shipping who shall remain the scie judge thereof. Nothing contained in this Report af in ny notation made In the contemplation of this Repert shall be deemed to relieve any
designer, builder, owner, manufaciurer, seller, supplier, repairer, cperator or other entity of any warmanty express or implied

AB Report Vendor Page 1of 1
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BMT Fleet Technology Limited 6134C.FR

AMERICAN BUREAU OF SHIPPING

ABS Plaza — 16855 Northchase Drive
Houston, TX 77060-6008

Page 1 of 1

Report No.: TO1022213 Date: 19-AUG-2008 Port: TORONTO

STATEMENT OF FACT
Welding

At the request of BMT Fleet Technology Limited the undersigned surveyor attended their facility located in Kanata,
Ontario, Canada in order to witness welding and the subsequent testing of the herein described procedures and reports
as follows:

Material used for the welding:

Mill Grade Heat# Gauge

ISG Plate Inc. ASTM A945 YR 05 GR 65 u7686 12.7 mm (1/2")
Oregon Steel Mills ABS EH-36 M00159 25 mm (0.9843")
Mittal Steel USA Burns Harbour Plate  ABS EH-36 82361970 13 mm

ISG Burns Harbor Plate Inc. ASTM A945-00 GR 65 832P38690 1"

Joints used:

The details of the joints are included on the attached pages, the particulars are as follows:

Base Metal Thickness ID Feeders Passes Sides
GR-65 1" 65-CT-LH Single 13 1
GR-65 %" 65-DS-.5 Tandem 2 2
EH-36 %" 36-DS-.5 Tandem 2 2
GR-65 1" 65-DS-1 Tandem 2 2
EH-36 1" 36-DS-1 Tandem 2 2
GR-65 1% 65-CT-HH Single 5] 1
EH-36 va' 36-0SW-.5 Tandem 1 1
GR-65 %" 65-0SW-.5 Tandem 1 1
EH-36 1" 36-0SW-1 Tandem 1 1
GR-65 1" 65-0SW-1 Tandem 1 1

Test Results:

The test results are fully detailed on the attached reports, it is noted that there are thirty-one (31) pages attached to this
report, including four (4) pages of steel mill test reports, six (6) pages of rough notes on welding parameters, six (6) pages
of tensile test reports, seven (7) graphs of cross weld tension tests, and eight (8) pages of impact results.

OWS = One sided weld
DS = Double sided weld
LH = Low Heat Input
HH = High Heat input
CWT = Cross weld test

py %ﬁé’f

Dan Oldford — Surveyor
ABS Toronto

Naote: This. Report evidencas compliante wih one of mere of the Rules, guides, standards or olher criterie of American Bureau of Shipping and is issued solely for the use of the Bureau, is
committaas, its clients or ciher authorized entibes. This Report 15 a representation only that the siructure, item of material, equipment, machinery or any ofher tem covared by this Report has
mat one or mone of (he Rules, guides, standards or ofher critedia of American Bureau of Shipping a& of the date of issue  Partios are advised 1o review the Rules for the scope and conddions of
classfication and Lo review the survey records for @ fuller description of any restriclions or limstalion on the vessel's service or surveys. The validtly, applicability and nlerpretation of this Report
i governed by tha Rules and standards of American Bureau of Shipping who shall remain the sole judge therecl. Nothing contained in this Report or in any notation mads in contemplation of
this Report shall be deamed lo relieve any designer, builder, owner, manulaciurer, seller, supplier, repairer, operator or other antity of any warranty exprass or implied.

AB 141 Revision 4
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