
24000/8/14  TWI Ltd 

    

 
 

  
 

 

 

 

 

 
  

 
 

 
 

 
 

 
 

 

 

 

 
 

 

 

 
 

 

 

 

 

Appendix K: Metallographic Examination of Samples from GRW Tanker J3564 

1 Overview 
In order to provide experimental measurements and observations to 
supplement the analytical calculations and engineering critical assessment of 
the GRW circumferential seam welds, TWI has undertaken macro- and 
microscopic examination of several samples taken from GRW tankers. 

2 Objectives 
 Non-destructively examine sections to determine the presence and extent of 

lack of fusion indications. 
 Destructively examine sections in order to: 

o	 Characterise the defect morphology (eg volumetric or crack-like) at the 
locations of lack of fusion indications; 

o	 Measure the defect lengths and depths; 
o	 Measure the local joint geometry to provide additional measurements 

for the ECA calculations; 
o	 Observe and measure any evidence of fatigue crack growth or ductile 

tearing; 
o	 Provide comprehensive post-mortem examination of sections from 

tankers subjected to topple testing by HSL. 

3 Scope of Work 
TWI received weld samples from various tankers: J3910, J2580, J3564 and 
J3217. The location where each sample was extracted from (and the associated 
TWI ID) is shown in Table K1. 

All samples were photographed on arrival and subjected to radiography. When 
appropriate, dye penetrant examination was also undertaken. Metallographic 
examination was performed for each sample and the exact actions performed 
are listed in the sections below. 

This appendix specifically addresses the examination of sections from J3564. 

4 Samples from J3564 
4.1 Description of samples 

Sections from the cradle position of bands C, D and G of GRW tanker J3564 
were removed and sent to TWI. These samples are located in positions where 
the fatigue stresses are likely to be relatively high and therefore the main 
objective of the examination of these samples was to identify whether there 
was any evidence of fatigue crack growth. Additionally, the circumferential 
length of these specimens means that they could be subjected to impact under 
a roll over event. Each of the three sections was sectioned at approximately 
100mm intervals and macros were prepared of the cross-section. Table K2 
describes the positions of each of the macros that are presented. This table can 
be cross-referenced with Table K1 for reference to the specific band from which 
the section was obtained. 

In addition to the cradle weld sections, a large section (approximately 1800mm 
long) from the nearside rear weld was removed and sent to TWI. 
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4.2 Sample J3564 W03-04 Band C 

For this sample, W03 refers to the front-side weld (left hand side in the figures) 
and W04 refers to the rear-side weld (right hand side in the figures). All 
prepared macro samples are shown in Figures K2-K9. 

Figure K5 is of particular interest. The weld on the left side shows a 2.19mm 
crack-like, surface-breaking defect is present. This is a significant defect and 
arises purely as a result of lack of fusion and not fatigue. The right hand side 
(rear-side weld) shows a 1.62mm crack-like, surface-breaking flaw is present. 
Again, this defect arises purely as a result of lack of fusion and not fatigue. 

These defects are present in slice 4, but either side of this macro (slice 3 and 
slice 5), only a gas pore is present where the crack-like defect appears in 
slice 4. Further sectioning of the macro-section was undertaken and the results 
are shown in Figure K6. In this figure, it can be seen that, up to a 10mm 
resolution of the length, both flaws are at least 40mm in length and no more 
than 50mm in length. Additionally, the further sectioning revealed that on the 
side containing the 1.62mm deep flaw, there was a deeper point along the 
length, with the maximum observed depth equal to 2.04mm. 

These crack-like defects are not located directly at the positioner lip, as was the 
defect that led to rupture in J2580. An additional study to clarify the 
acceptability of these defects was undertaken and is described in Appendix M. 

4.3 Sample J3564 W05-06 Band D 

For this sample, W05 refers to the front-side weld (right hand side in the 
figures) and W06 refers to the rear-side weld (left hand side in the figures). All 
prepared macros are shown in Figures K10-K17. 

The samples prepared from Band D did not contain any significant crack-like 
defects such as those found in the samples prepared from Band C. However, 
there are several lack of root fusion and lack of side wall fusion, embedded-type 
defects and some significant porosity. Although porosity is expected when 
welding the specific aluminium alloys in this joint, some of the gas pores have 
diameter nearly equal to the fillet weld throat thickness, which may negate the 
strengthening influence of the internal fillet weld under rollover. Additionally 
there are some macros that exhibit large amounts of misalignment. 

4.4 Sample J3564 W07-08 Band G 

For this sample, W07 refers to the front-side weld (left hand side in the figures) 
and W08 refers to the rear-side weld (right hand side in the figures). All 
prepared macros are shown in Figures K18 to K25. 

The samples prepared from Band G did not contain any significant crack-like 
defects such as those found in the samples prepared from Band C. However, 
there are several lack of fusion, embedded-type defects and some significant 
porosity. 

4.5 Sample from the rear end weld 

The large section of the rear end weld provided to TWI is shown in Figure K1. 
The objectives of the metallographic examination of samples removed from this 
section were to: 

 Analyse the circumferential weld to identify additional finite length flaws. 
 Analyse the rim joint weld (further described in Appendix O). 
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The macrographs prepared from samples 01 to 05 from the rear weld are 
shown in Figures K26 to K30. Of particular significance are the following: 

 The micrograph taken of the rim joint root in Figure K26 (micrograph “A”) 
shows evidence of a similar lack of root fusion defect as discussed in 
Appendix O. This has the potential to lead to rupture of the rim joint weld 
throat during topple test conditions. 

 The micrograph taken of the positioner lip in Figure K26 (micrograph “B”) 
shows the existence a previous weld bead or evidence of a similar external 
tack weld that gave rise to the finite length flaw previously discussed. Whilst 
this external tack weld is not adjacent to an additional internal fillet weld, 
there is better fusion/penetration at this joint (compared to Figures K5 and 
K6) and therefore there is no offset surface-crack. The positioner lip defect 
is still present, but is small. 

 The micrograph taken of the rim joint root in Figure K29 shows another lack 
of root fusion defect. There is some evidence of potential fatigue crack 
growth from the defect 

4.6 Conclusions from examination 

The following conclusions were reached following analysis of the samples 
prepared from sections removed from J3564 

 One section exhibited crack-like, surface-breaking defects, 1.62mm and 
2.19mm in height. Further sectioning revealed that the lengths of these 
defects were between 40mm and 50mm. The additional sectioning revealed 
that on the side containing the 1.62mm defect, there was a deeper point of 
the flaw, with the maximum observed depth equal to 2.04mm. 

 A large number of samples exhibited significant porosity. The fillet weld 
joining the internal bulkhead to the extrusion band typically contained the 
largest gas pores. However, the internal fillet welds also contained large gas 
pores. In some cases, the diameter of the gas pores was nearly equal to the 
weld throat thickness. Such a pore could considerably weaken the beneficial 
influence of having the internal fillet weld present under rollover. 

 A large number of lack of side wall fusion flaws were observed. These were 
either isolated lack of fusion, embedded-type defects or occurred in the 
vicinity of other lack of side wall fusion defects or gas pores. 

 Examination of the rear weld showed some evidence of potential fatigue 
crack growth from a lack of root fusion defect in the rim joint weld. 

5 Analysis of Weld Dimensions 
The weld cap height and misalignment were measured on all macros prepared 
from J3564 and J3910. Additionally, HSL provided laser scan data for all bands 
(both offside and nearside) for J3910. A scatter data plot, showing the pairs of 
weld cap height and misalignment measurements is shown in Figure I99. There 
is no clear trend present in this figure. That is, there does not appear to be a 
strong relationship between weld cap height and misalignment. The 
non-dimensional geometry parameter, β, as described in the main report, is 
shown in Figure I100. This histogram was developed from the J3910 and J3564 
measurements shown in Figure I98. There is a near-Gaussian type distribution 
of β-values, with approximately 40% of the values falling between 0.35 and 
0.4. Using the fatigue life look-up table in the main report (and taking into 
consideration the built-in conservatism due to membrane-only loading), the 
estimated fatigue life would be in excess of 15 years. 
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Table K1 Samples received 

TWI Sample 
ID Tanker Position 

Weld length 
(mm) 

W02 J3910 Band A O/S (impacted) 1450 
W03 J3564 Band C O/S front weld 745 
W04 J3564 Band C O/S rear weld 745 
W05 J3564 Band D N/S front weld 840 
W06 J3564 Band D N/S rear weld 840 
W07 J3564 Band G O/S front weld 820 
W08 J3564 Band G O/S rear weld 820 
W09 J2580 Band H O/S (impacted) 1650 
W10 J2580 Band H N/S 1660 

Table K2 J3564 macro slice positions 

Macro 
Location (approx. distance from top of 
sample in mm) 

W03-01 50 
W03-02 160 
W03-03 250 
W03-04 350 
W03-05 450 
W03-06 550 
W03-07 650 

W05-01 50 
W05-02 150 
W05-03 250 
W05-04 350 
W05-05 450 
W05-06 550 
W05-07 650 
W05-08 750 

W07-01 50 
W07-02 150 
W07-03 250 
W07-04 350 
W07-05 450 
W07-06 550 
W07-07 650 
W07-08 750 
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 Figure K1 Image of the rear weld section sent to TWI and a diagram showing the location of 

additional sampling. 
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   Figure K2 J3564 sample W03-04, slice 1. 
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Figure K3 J3564 sample W03-04, slice 2. 
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Figure K4 J3564 sample W03-04, Slice 3. 
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 Figure K5 J3564 sample W03-04, slice 4. 
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Figure K6 Illustration of the additional sectioning of the sample from J3564 that contained the 
2.19mm and 1.62mm defects. 
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Figure K7 J3564 sample W03-04, slice 5. 
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Figure K8 J3564 sample W03-04, slice 6. 
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Figure K9 J3564 sample W03-04, slice 7. 
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Figure K10 J3564 sample W05-06, slice 1. 
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  Figure K11 J3564 sample W05-06, slice 2. 
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Figure K12 J3564 sample W05-06, slice 3. 
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  Figure K13 J3564 sample W05-06, slice 4. 
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  Figure K14 J3564 sample W05-06, slice 5. 
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Figure K15 J3564 sample W05-06, slice 6. 
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  Figure K16 J3564 sample W05-06, slice 7. 
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Figure K17 J3564 sample W05-06, slice 8. 
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Figure K18 J3564 sample W07-08, slice 1. 
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Figure K19 J3564 sample W07-08, slice 2. 
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Figure K20 J3564 sample W07-08, slice 3. 
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  Figure K21 J3564 sample W07-08, slice 4. 
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Figure K22 J3564 sample W07-08, slice 5. 
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  Figure K23 J3564 sample W07-08, slice 6. 
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  Figure K24 J3564 sample W07-08, slice 7. 
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  Figure K25 J3564 sample W07-08, slice 8. 
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Figure K26 J3564 Sample W-01 from the rear weld. 

Figure K27 J3564 Sample W-02 from the rear weld. 
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   Figure K28 J3564 Sample W-03 from the rear weld. 
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  Figure K29 J3564 Sample W-04 from the rear weld. Potential evidence of fatigue. 
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Figure K30 J3564 Sample W-05 from the rear weld. 

Figure K31 Measurements of weld cap height and misalignment from J3564 and J3910. 
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Figure K32 Histogram of non-dimensional geometry parameter β = (h-m)/5 for the J3564 and 
J3910 data shown in Figure I99. The data follows nearly a Gaussian distribution. 














