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1 EXECUTIVE SUMMARY 
Destructive testing was performed on six welded SSAB Laser 355 MC Plus plates and tested 
according to NS-EN ISO 15614-14:2013 [1]. This report will present the results of destructive 
testing.



 
 

DNV GL    Report No. 2020-5496, Rev. Draft D    www.dnvgl.com  Page 2 
 

2 BACKGROUND INFORMATION 
On behalf of Prodtex industry, DNV GL Materials Bergen has performed destructive testing (DT) 
of six welded plates. The testing was performed according to NS-EN ISO 15614-14:2013 [1].  

 

The welded base material was SSAB's Laser 355 MC Plus. SSAB has informed that this material 
belongs to steel group 1.2 in ISO/TR 15608:2013 [2] and shall be in accordance with material 
standard EN 10149-2 [3]. Material certificates received from the client are enclosed in appendices. 
Welding method used was 135 Laser hybrid. Welding was performed according to pWPS LH-001-
BW and LH-002-BW witnessed by a local DNV GL surveyor. Traceability has been confirmed by 
the DNV GL surveyor (rolling direction unknown). 
 

2.1 Reference documents 
The following documents are referenced in this report and can be found in appendices: 

 SSAB Material certificate 23-1765 / 51-9273 

 Inspection certificate (Filler material)  NST Carbomig 3N  

 DT report (Tensile test, Bend test and Impact test) 

 

2.2 Scope of work 
This report includes results of the following tests: 

 Tensile testing 

 Charpy-V Notch testing 

 Hardness testing 

 Macro examination 
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2.3 Plates and location of test specimens 
The plates are named according to Table 1. The locations of the test specimens are according to 
NS-EN ISO 15614-14:2013 [1] and shown in Figure 1 below. Each test specimen is named with a 
unique DNV GL object ID + Specimen ID.

Table 1 - Name and dimension of plates.

Prodtex plate ID DNV GL plate + Specimen ID Dimensions [mm]

LH-001-BW1 V1 + Specimen ID 8 x 400 x 800

LH-001-BW2 V2 + Specimen ID 8 x 400 x 800

LH-001-BW3 V3 + Specimen ID 8 x 400 x 800

LH-002-BW1 V4 + Specimen ID 10 x 400 x 800

LH-002-BW2 V5 + Specimen ID 10 x 400 x 800

LH-002-BW3 V6 + Specimen ID 10 x 400 x 800

Figure 1 - Shows location of test specimens and specimen ID. A=Transverse Face Bend Specimen 
(TFBB), B=Transverse Root Bend Specimen (TRBB), C=Transverse Tensile Specimen, D=Charpy 
specimen (V - Charpy V, W Notch in weld, T Notch through thickness), E=Charpy specimen 
(V - Charpy V, H Notch in HAZ, T Notch through thickness), F=Transverse Tensile Specimen,
G=Transverse Face Bend Specimen (TFBB), H=Transverse Root Bend Specimen (TRBB) and
J=Macro and hardness test specimen
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3 TEST RESULTS 

3.1 Cross Weld Tensile Tests 
The testing was performed in accordance with standard ISO 4136:2012 [3] and NS-EN ISO 6892-
1:2019 [4] method A.4. Acceptance standard NS-EN ISO 15614-14:2013 [1]. 

 

The results are presented in Table 2 and fracture location is shown in Figure 2. Graphs from test are 
shown in appendices. 

 

Table 2 - Results from cross weld tensile test. 

Test ID / Location 

Dimension 

Maximum 
force  
[kN] 

Tensile 
strength Rm 

 [MPa] 

Fracture 
location/ 

appearance 
Thickness 

[mm] 
Width.       
[mm] 

Area.     
[mm2] 

V1C 7.97 25.06 199.73 103.83 520 BM 

V1F 7.93 25.02 198.41 105.03 529 BM 

V2C 8.02 25.03 200.74 107.29 534 BM 

V2F 8.00 25.04 200.32 107.51 537 HAZ 

V3C 7.90 25.04 197.82 106.02 536 BM 

V3F 7.90 25.04 197.82 107.66 544 BM 

V4C 10.03 25.04 251.15 131.06 522 BM 

V4F 10.04 25.00 251.00 131.80 525 BM 

V5C 10.00 24.99 249.90 131.45 526 HAZ 

V5F 10.00 24.97 249.70 131.73 528 BM 

V6C 10.04 25.04 251.40 131.73 524 HAZ 

V6F 10.05 25.03 251.55 131.98 525 HAZ 
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View from above View from side 
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Figure 2 Fracture location from tensile test.

3.2 Charpy V-Notch Impact Tests, KV2 
Testing was performed in accordance with NS-EN ISO 15614-14:2013 [1], NS-EN ISO 148-
1:2016 [5] and NS-EN ISO 9016:2012 [6]. Specimen type used was VWT & VHT and sampled 
maximum 2 mm below surface, and with the notch perpendicular to the surface. Notch was placed 
according to Figure 3 a. Before preparing the notch, specimens were etched to find weld and HAZ. 
Etching was done with 5% nital. Testing was performed at two different test temperatures, - 40 °C
and at - 50 °C.

a) Shows how the notch has been placed b) Notch on specimen V6D, according to ISO
148-1:2016 [5]

Figure 3 - Illustration showing where the notch was placed.
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Results from testing are presented in Table 3 .

Table 3 - Result from impact test

Test ID / Location
Dimension 

[mm]
Notch

Orientation
Temp.
[°C]

Impact energy, KV 300 J /
Absorbed energy 

[Joule]
Absorbed energy,

Avarage
[Joule]

1 2 3

V1D (VWT) 5 x 10 x 55 T -50 31 28 20 26 (2)

V1E (VHT) 5 x 10 x 55 T -50 59 55 35 50 (2)

V2D (VWT) 5 x 10 x 55 T -50 30 39 13 27 (2)

V2E (VHT) 5 x 10 x 55 T -50 79 89 96 88 (2)

V3D (VWT) 5 x 10 x 55 T -40 19 19 23 20 (1)

V3E (VHT) 5 x 10 x 55 T -40 35 58 53 49 (1)

V4D (VWT) 7.5 x 10 x 55 T -50 43 23 34 33 (2)

V4E (VHT) 7.5 x 10 x 55 T -50 19 40 40 33 (2)

V5D (VWT) 7.5 x 10 x 55 T -50 95 25 33 51 (2)

V5E (VHT) 7.5 x 10 x 55 T -50 34 180 30 81 (2)

V6D (VWT) 7.5 x 10 x 55 T -40 48 27 23 33 (1)

V6E (VHT) 7.5 x 10 x 55 T -40 28 51 36 38 (1)

(1) Test Temp - 40 deg C: Test temperature according to ISO 15614-14:2013. Acceptance criteria found in
parent material standard NS-EN 10149-1:2013.

(2)

Note

Test temp -50 deg C: At the customer's request, a sub size Charpy V-notch impact test was carried out in
accordance with NS-EN 1993-2:2006 [11] at -50 deg C.

Heat affacted zone resulting from welding is small. The reason for the variation in values when testing HAZ
may be that the notch has been placed closer to the base material. Material certificate for base material shows
values up to 261 at test temperature - 60 deg C.
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3.3 Bend Tests 
The testing was performed in accordance with the test standard NS-EN ISO 15614-14:2013 [1] and 
ISO 5173:2010 [3]. 

 

Acceptance criteria found in NS-EN ISO 15614-14:2013 [1]. The results are presented in Table 4 
and shown in Figure 4 below. 

 

Table 4 - Results from bend testing. 

Test ID / 
Location 

Dimension 

Former 
dia. 

[mm] 

Distance 
between 
rollers 
[mm] 

Bend 
angle 
 [°] 

Results Thickness 
[mm] 

Width 
[mm] 

Direction 

V1A 8 mm 40.5 TFBB 4T 52 180 Flaw larger than 3 mm 

V1B 8 mm 40.0 TRBB 4T 52 180  Ok 

V1G 8 mm 39.7 TFBB 4T 52 180 Flaw larger than 3 mm 

V1H 8 mm 40.0 TRBB 4T 52 180 Ok  

V2A 8 mm 40.0 TFBB 4T 52 180 Flaw larger than 3 mm 

V2B 8 mm 39.5 TRBB 4T 52 180  Ok 

V2G 8 mm 40.2 TFBB 4T 52 180 Flaw larger than 3 mm 

V2H 8 mm 39.5 TRBB 4T 52 180 Flaw larger than 3 mm 

V3A 8 mm 40.0 TFBB 4T 52 180 Flaw larger than 3 mm 

V3B 8 mm 40.5 TRBB 4T 52 180 Flaw larger than 3 mm 

V3G 8 mm 40.3 TFBB 4T 52 180 Flaw larger than 3 mm 

V3H 8 mm 40.1 TRBB 4T 52 180  Ok 

V4A 10 mm 40.1 TFBB 4T 67 180 Flaw larger than 3 mm 

V4B 10 mm 40.0 TRBB 4T 67 180 Ok  

V4G 10 mm 40.1 TFBB 4T 68.5 180 Flaw larger than 3 mm 

V4H 10 mm 40.1 TRBB 4T 68.5 180 Ok  

V5A 10 mm 40.1 TFBB 4T 68.5 180 Flaw larger than 3 mm 

V5B 10 mm 40.1 TRBB 4T 68.5 180  Ok 

V5G 10 mm 40.0 TFBB 4T 68.5 180 Flaw larger than 3 mm 

V5H 10 mm 40.0 TRBB 4T 68.5 180 Ok  

V6A 10 mm 42.5 TFBB 4T 68.5 180 Flaw larger than 3 mm 

V6B 10 mm 40.2 TRBB 4T 68.5 180 Flaw larger than 3 mm 

V6G 10 mm 40.1 TFBB 4T 68.5 180 Flaw larger than 3 mm 

V6H 10 mm 40.1 TRBB 4T 68.5 180 Ok  
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Figure 4 - Bend specimens after test.
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3.4 Macro Examination 
The examination was performed in accordance with NS-EN ISO 17639:2013 [7] and etchant was 
5% nital. Imperfections were checked against NS EN ISO 12932:2013 [8] and all specimen were
examined with a magnification of 8X.

Table 5 - Macro examination, magnification 8x.

Specimen ID Comment

V1J
(5011) The undercut is within depth requirements in NS-EN ISO 12932:2013 [8]
but lacks a smooth transition.

V2J
(5011) The undercut is within depth requirements in NS-EN ISO 12932:2013 [8]
but lacks a smooth transition.

V3J
(5011) The undercut is within depth requirements in NS-EN ISO 12932:2013 [8]
but lacks a smooth transition.

V4J
(5011) The undercut is within depth requirements in NS-EN ISO 12932:2013 [8]
but lacks a smooth transition.

V5J No imperfections found.

V6J (511) Sagging.

Macrographs is presented in figures below.

Figure 5 - Macrograph of specimen V1J.
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Figure 6 - Macrograph of specimen V2J. 

 

 

Figure 7 - Macrograph of specimen V3J. 
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Figure 8 - Macrograph of specimen V4J. 

 

 

Figure 9 - Macrograph of specimen V5J. Ignore the circular spot on the right. 
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Figure 10 - Macrograph of specimen V6J.

3.5 Vickers Hardness Measurements, HV5 
Testing was performed in accordance with the standards: ISO 15614-14:2013 [1] and NS-EN ISO 
9015-1 [9] NS-EN ISO 6507-1:2018 [10]. The first indentation in the HAZ was located as close as 
possible to the fusion line. The following indentations were placed with a spacing of 0.7 mm.
According to standard NS-EN ISO 15614-14:2013 [1] shall testing be performed with a load 
matched to the weld geometry. Due to a small heat affected zone, it was chosen to perform 
hardness tests with HV5. Two rows of indentations were performed. Minimum of three individual 
indentations in the areas (Weld Metal, HAZ and Parent Material) were performed at a depth of less
than 2 mm below the upper and lower surface.

Six different plates were tested, and the results are presented in figures below. Acceptance standard
NS-EN ISO 15614-14:2013 [1].
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Figure 11 - Hardness test result from plate LH-001-BW-1 (DNVGL ID is V1J). 

 

 
Figure 12 - Hardness test result from plate LH-001-BW-2 (DNVGL ID is V2J). 
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Figure 13 - Hardness test result from plate LH-001-BW-3 (DNVGL ID is V3J). 

 

 
Figure 14 - Hardness test result from plate LH-002-BW-1 (DNVGL ID is V4J). 
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Figure 15 - Hardness test result from plate LH-002-BW-2 (DNVGL ID is V5J). 

 

 

Figure 16 - Hardness test result from plate LH-002-BW-3 (DNVGL ID is V6J). 



DNV GL    Report No. 2020-5496, Rev. Draft D    www.dnvgl.com  Page 17 

1 REFERENCES 

[1] NS EN ISO 15614-14:2013 - Specification and qualification of welding procedures for metallic
materials - Welding procedure test - Part 14: Laser-arc hybrid welding of steels, nickel and nickel 
alloys, Standard norge.

[2] NS-EN ISO 12932:2013 - Welding - Laser-arc hybrid welding of steels, nickel and nickel alloys -
Quality levels for imperfections, Norsk Standard.

[3] ISO/TR 15608:2017 - Welding  Guidelines for a metallic materials grouping system, ISO .

[4] NS-EN ISO 5173:2010 Destructive tests on welds in metallic materials - Bend tests, Standard
Norge.

[5] NS-EN ISO 6892-1:2019 - Metallic materials  Tensile testing  Part 1: Method of test at room
temperature, Norsk standard.

[6] NS-EN 10149-2:2013 - Hot rolled flat products made of high yield strength steels for cold
forming - Part 2: Technical delivery conditions for thermomechanically rolled steels, Standard
Norge.

[7] NS-EN ISO 148-1:2016 - Metallic materials - Charpy pendulum impact test - Part 1: Test
method, Standard Norge.

[8] NS-EN ISO 9016:2012 - Destructive tests on welds in metallic materials - Impact tests - Test
specimen location, notch orientation and examination, Standard Norge.

[9] NS-EN 10149-1:2013 - Hot rolled flat products made of high yield strength steels for cold
forming - Part 1: General technical delivery conditions, Standard Norge.

[10] NS-EN 10149-2:2013 - Hot rolled flat products made of high yield strength steels for cold
forming - Part 2: Technical delivery conditions for thermomechanically rolled steels, Standard
Norge.

[11] NS-EN ISO 17639:2013 - Destructive tests on welds in metallic materials - Macroscopic and
microscopic examination of welds, Norsk Standard.

[12] ISO 9015-1:2001 - Destructive tests on welds in metallic materials - Hardness testing - Part 1:
Hardness test on arc welded joints, Standard Norge.

[13] NS-EN ISO 6507-1:2018 - Metallic materials - Vickers hardness test - Part 1: Test method,
Standard Norge.

[14] NS-EN ISO 5817:2014 - Welding - Fusion-welded joints in steel, nickel, titanium and their alloys
(beam welding excluded) - Quality levels for imperfections, Norsk standard.

[15] NS-EN 1993-2:2006+NA:2009 - Eurocode 3: Design of steel structures - Part 2: Steel Bridges,
Standard Norge.



 
 

DNV GL    Report No. 2020-5496, Rev. Draft D    www.dnvgl.com  A-1 
 

APPENDIX A 
Base & Filler Material Certificate 
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APPENDIX B 
DT report (Tensile Test, Bend test, Impact test) - DNVGL 
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About DNV GL 
DNV GL is a global quality assurance and risk management company. Driven by our purpose of safeguarding 
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chain and data management services to customers across a wide range of industries. Operating in more 
than 100 countries, our experts are dedicated to helping customers make the world safer, smarter and 
greener. 
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