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1. TERMS OF ENGAGEMENT  
 

1.1 To provide a legal marine weather hindcast for the vessel MV SWANLAND on 

the 27th November 2011. The tabulated data hindcast applies to a grid point closest to 

the location of interest, please see map in Figure 4.1. The hindcast was ordered by 

 of MAIB, Mountbatten House, Grosvenor Square, Southampton 

SO15 2JU in  email of 2nd December 2011.      

 
2. CONTENTS OF REPORT 
 

2.1 In section 4, maps of the location of interest is presented. In Fig 4.1 the location of 

interest is plotted relative to the Buoys and RAF Valley and Aberdaron. In Fig 4.2 the 

L.O.I. is plotted in bright red against the NAE wave model grid array. The nearest point 

(52.81°N 005.16°W) has been used as a basis for the hindcast.  For reference, in 

section 5, modelled wind and wave data is presented in Table 5.1 at 1 hourly GMT 

positions with respect to the L.O.I. Available ship / buoy observations are presented in 

Table 52 to 5.7.   

 
2.2 Weather data are collected and exchanged internationally according to universal 

Time Co-ordinated (UTC) convention. Unless otherwise stated, the times referred to in 

this report are UTC, which is Greenwich Mean Time (GMT). 

 
3. DATA AND INFORMATION SOURCES 
 

3.1 Marine hindcast data from the Met Office computer wave model archive 

3.2 Ship / buoy observations from the Met Office marine data base.  

3.3 Buoy 62019 report from Met Eireann 

3.4 Synoptic weather charts from Met Office FRASIA archive 

3.5 Analysis charts from Met Office Atmospheric Dispersion archive 

3.6 Rainfall radar charts from Met Office Radar Archive  

3.6 ASCAT data from NOAA NESDIS  

3.7 Met Office; Forecaster’s Reference book, 1997 
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4. POINTS TO NOTE 
 

4.1 The tables provide an indication of the general wind and sea states over open 

waters. Without local knowledge, it is not always possible to estimate the effects of 

shelter or enhancement due to coastal topographical features. 

 

4.2 The strength of the wind may have increased locally in shower or thunderstorm 

activity to above that given in the assessment. This would have been only a temporary 

increase above the assessed values. Over the sea, gusts can be expected to be around 

1.4 times the assessed strength of the mean wind, so mean winds of gale force (34-40 

knots) could be accompanied by gusts of around 48-56 knots. 

 

4.3 The wave heights (crest to trough) given in the assessment are defined as the 

average of the highest third of all waves within the wave train, also known as the 

significant wave height and in this case the resultant wave height. The resultant wave 

height is the total obtained from the individual wave and swell components. It is 

considered to be the equivalent of the significant wave height that would be measured 

by a wave recorder, to which it is also accepted that visual observations of wave height 

approximate. Naturally individual wave heights will vary around these average conditions 

and the maximum wave height may be around two times the quoted significant wave 

height. There may be further variations in these heights close to the coast due to tidal 

and shallow water effects.  

 

4.5 When the significant wave height is discussed using descriptive terminology, the 

term sea state is often used. Refer to appendix A to see the WMO Sea State scale 

(WMO stands for the World Meteorological Organisation). 

 

4.6 Wind waves, often called “sea”, are generated by the local winds blowing over the 

surface of the ocean.  

 

4.7 Swell represents wind waves that have either travelled out of the area in which they 

were generated, or can no longer be sustained by the winds in the generating area. The 

direction is that from which the swell is running. It is possible that there may be swells 

from one or more than one direction 
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4.8 Resultant wave height can be considered as the combination of wind wave and swell 

wave. When two or more wave trains are combined, the resultant wave height is 

determined from the square root of the sum of the squares of the heights of the separate 

trains. This is because wave energy is proportional to the square of the wave height and  

it is the energy which is additive. 

 

4.9 Wavelength λ is calculated from the relationship: λ = 1.56 * Tp^2, where Tp is peak 

period. Peak period is defined as the period of the wave within the wave spectrum at any 

marine location which contains the most energy. Two wave trains can combine (i.e wind 

wave and swell wave) to give a bi modal sea with two peak frequencies.  

In Table 5.1 peak period is modelled for wind sea (Tpww) and swell wave (Tpsww) 

irrespective of their relative magnitudes. Tp is also modelled for the total wave spectrum 

and can be found in the column to the right of significant wave descriptor. Wavelengths 

have been calculated from peak period of wind wave and swell wave, see table 5.1.  

Since, at the time and location of the incident, most of the wave energy is comprised of 

wind wave, Tp of significant wave height and wind wave height are similar. As a result 

the wavelength of wind wave is considered most appropriate.   
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Fig 4.1   Map showing relative locations of MV SWANLAND (52.86°N 005 .08°W: red dot) 
                NAE model point and observation sites (buoys/ land)  
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Map showing the location MV SWANLAND (red peg) on 27 th November 2011 and adjacent NAE model grid point array 
(Court esy of Google Maps) . The lime green point (52.81°N 005.15°W) to the southwest has been used as a basis for the hindcast.   
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5. TABLE OF WEATHER CONDITIONS 
 

TABULATED DATA OF WINDS / SIGNIFICANT WAVE HEIGHT from the Met Office UK 

wave model is presented in the tables starting 5.1   

`BF = Beaufort Force; for other terminology, see Appendix A  

 
 
 
5.1 General situation (see charts sequence in Appendix C and D) 
 
 

A deep depression, 977 Hpa was analysed at 59°N 15°W at 1800 UTC on the 26th November 

2011. The depression deepened to 970 Hpa as it moved eastwards and was centred near 60° 

North 09° west at 0000 UTC beginning the 27th November. Further deepening occurred as the 

depression tracked eastwards; a central pressure of 967 Hpa was analysed at 61°N 00°W (on 

the Greenwich meridian).   

 

A warm sector covered the Irish Sea during the time of interest. SW surface winds attained gale 

force with higher gusts. A cold front cleared the location of interest from the northwest between 

0300 and 0330 UTC, see radar rainfall sequence in appendix C and hourly sequence of 

synoptic weather charts in appendix B.  Thereafter winds veered to the west-southwest and 

decreased force 7.   
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Fig 5.1 
`
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Fig 5.2 
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6 DISCUSSION 
 
6.1 Winds (10 metres)   

Apart from four Buoy reports (Fig 4.1), there were no ships reporting wind speed and sea states 

between 52°N & 55°N and 8.0°W & 2.5°W.  

On comparing wind speeds between the Buoys (Aberporth, M2, Turbot Bank and M5) the 

average bias over the 48 period (26/00 to 27/23) the bias ranged from -2 to -6 knots 

(observation – model), Table 5.8. A negative bias is consistent with the buoy anemometers 

measuring wind speed at a lower elevation than 10 metres (as required by the model). 

An ASCAT image, Appendix F at 2031 on the 26 h (one of a twice daily snapshot of surface 

winds derived from satellite data) shows a southwesterly wind of force 6 or 7 in the St George’s 

Channel and Irish Sea broadly consistent with observations at M2 and M5. There were no 

ASCAT images on the 27th November for location of interest.  

On land, of particular interest were the observations at Valley and Aberdaron, see map Fig 4.1.  

At Aberdaron, 94 metres amsl on the Lleyn Peninsula, a southwest wind blew severe gale force 

9 with a maximum gust of 66 knots between the hours of 0150 and 0250 and between 0250 and 

0350 UTC, Table 5.7.  At a lower site, RAF Valley in Anglesey, (9 metres amsl), see Table 5.6, 

recorded a SSW to SW wind of gale force between the hours of 2350 and 0150 UTC. A 

maximum gust of 49 knots recorded between the hours of 0050 and 0150 UTC. From 0250 the 

winds decreased force 7 and veered WSW by 0450 UTC. On measuring a 60 knot gradient from 

the straight isobar spacing and a wind direction of 250° at M2 and Aberporth from the 0200 UTC 

chart, the air mass was considered to be stable owing to the 30° backed directional separation 

between gradient and surface winds, see Fig 6.1.  In fact, the value 30° falls outside the 

average directional deviation of 15-20° for a stable airmass over the sea. Within the ‘allowable’ 

multiplier range of 0.6 to 0.8 times gradient speed, it was though that the lower value of 0.6 was 

more appropriate, i.e 37 knots, leading to gusts of around 52 knots, see para 4.1.  The value of 

mean 10 minute wind agrees very closely with modelled values at the location of interest. 
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Fig 6.1 Relationship between geostrophic wind and 10 m winds over land and sea (knots) 

A geostrophic wind (=gradient with straight isobars) of 60 knots over the sea and a stability 

index of 0.6 gives a surface wind of 37 knots. For comparison, a stability index of 0.7 would give 

a gust of 44 knots 
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6.2 Waves 

A plot of model wave fields is presented in Appendix E to show the spatial variation of significant 

wave height in the Irish Sea and St Georges Channel. 

A comparison was done between buoys M2, M5, Aberporth and Turbot Bank (see Fig 4.1 for 

locations) and their closest model points to ascertain how well the wave model was behaving at 

these locations, and by extension, how well it might have predicted reality at the location of 

interest, Tables 5.8. The results over a 48 hour period are tabulated in table 5.7. Mean bias 

values lie well within +/- 0.5 metres and standard deviations are small (0.4 metres maximum) at 

Turbot Bank, leading to high confidence in model output background significant wave height.  

A plot of the comparisons was done for M2 and Aberporth, see Figures 5.1 and 5.2.  

During the time of interest, there is good correlation between measured and model significant 

wave height. As a result it was thought that the modelled significant wave height of around 4 

metres with peak period of 8 seconds and derived wavelength of 105 metres were acceptable 

values at the location of interest. (Note that the buoys measure zero upcrossing periods which 

are lower than peak period). A maximum individual wave (crest to trough) could have reached 

1.9 times significant wave height during a 3 hour sampling period, i.e 7.6 metres.  

Of particular note however, is the fact that the tidal current of around 2 knots was opposing the 

incoming wind wave at an angle of around 27 degrees. This would have made the waves steep 

during the time of interest.    

 

6.3 CONCLUSION 

All the available evidence indicate a rough passage for the MV SWANLAND as she sailed 

southwards in the Irish Sea, west of Gwynedd at 0200 UTC on the 27 h November 2011.  She 

would have met a southwesterly gale force wind with gusts of around 50 knots. Seas would 

have been rough, perhaps very rough with a significant wave height of around 4.0 metres see 

Appendix A.  Waves would have been steeper than normal due to an opposing tidal current of 

around 2 knots. Maximum individual waves (crest to trough) within a 3 hour sampling period 

could have reached 7.6 metres. 
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1.0 Abbreviations 
 
MAIB Marine Accident Investigation Branch 
SSV Subsea Vision Ltd 
ROV Remotely Operated Vehicle 
OP Osiris Projects 
 
 

2.0 Introduction 
 
Subsea Vision (SSV) was awarded the contract to survey the MV Swanland by the Marine Accident Investigation 
Branch (MAIB).  
 
SSV chartered a vessel called the Bibby Tethra a DP class 1 survey catamaran from Osiris Projects, this vessel was 
deemed the most suited for the operation due to the water depth of 80 metres. 
 
The MV Swanland sank off the Welsh coast, loaded with a full cargo of limestone, in a reported position of: 
52o 52.152’N  005o 04.821’W on the 27th November 2011 
 
The vessel’s length overall was 81 metres, her beam was 13.8 metres, and her deadweight was 3137 tonnes.  
 
Subsea Vision used one of our Falcon ROV systems to survey the vessel on the seabed. 
 
The survey was completed in two phases: 
 
Phase 1 – Mobilisation port was Liverpool on the 8th January 2012 
 
9th Jan 2012  -       We completed some multi beam survey work whilst waiting on the tide to ease 

- Launched the ROV for its first dive on the Swanland and unfortunately lost the ROV and had a 
power blackout on the survey side of the bridge where the ROV was being operated. 

- Due to the power loss and the lost ROV we had to abandon the survey at that time 
 
Phase 2 – Mobilisation port was Holyhead on the 6th February 2012  
 
6

th
 Feb 2012  -       Mobilised equipment on board the evening before 

- Steamed out to location 
- Completed further Multi beam survey runs over the Swanland 
- Completed 3 dives on the Swanland with the Falcon ROV 

7
th

 Feb 2012  -       Demobilised personnel and equipment  
 
 
The Swanland was found to be upside down, the vessel was laying on the seaebed in a North to South orientation. The 
Bow of the vessel is located to the North. 
 
Due to the tidal currents the dive time was restricted to approximately 1 hr. The suspension in the water hampered 
the visibility greatly, in some cases the water visibility was down to approximately 0.5 metre. We completed three 
dives in total. 
 
Due to the tidal conditions, length of umbilical in the water column and the visibility we could not cover all of the 
areas on the Swanland.     
 
There are video clips of the specific areas surveyed and these are hyperlinked within this report for ease of viewing. 
The complete video images are included also for further indepth viewing by the MAIB which are not hyperlinked. 
These files are within the Video footage   
 
 
 



 

Doc No. 
Rev No. 
Date 
Page 

MAIB - Jan 2012- ROV Survey  
0 
10/01/12 
4 of 12 TITLE: ROV Survey Report 

 
 
3.0 Multi beam images of the Swanland on the Seabed 
 
General orientation of the Swanland on the seabed 
 
Fig 1 

 
 
Fig 2. 
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4.0 Areas of interest noted 
 

1. Hatch cover approximately 10 metres from the east side of the Swanland -  Hatch cover East side 
 Co ordinates – Eastings 360025.4 Northings 5859753.8 

 
2. Crack within the Port side shell plating - Port side crack 
 Co ordinates – Eastings 360015.0 Northings 5859772.7 
 This area of interest was found to be approximately 33 metres from the Bow section 
 
3. Bilge keel damage on Port side - Port side Bilge Keel by crack 
 Co ordinates – Eastings 360015.0 Northings 5859772.7 
 This area of interest was found to be approximately 33 metres from the Bow section 
 
4. Small hole in the bottom shell plating on the Port side of the Swanland - Hole in the Port side close to Bow 
 Co ordinates – Eastings 360015.5 Northings 5859793.7 

This area interest is 21 metres further forward from the port side crack and is approximately 12 metres from 
the Bow section 

 
5. Starboard side crack - Starboard side crack 
 Co ordinates – Eastings 35999.4 Northings 5859771.2 
 This area of interest was found to be approximately 33 metres from the Bow section 
 
6. Debris field North of the Swanland - Target North of the Swanland 
 Co ordinates – Eastings 360012.8 Northings 5859951.7 

This area of interest was found to be approximately 145 metres North of the Bow section. Debris field is 
illustrated in figure 4 above on page 5 
 

7. Bow section - Bow section 
 Co ordinates – Eastings 36011.8 Northings 5859805.0 

The pinnacle point of the bow is heavily damaged towards to the lower quadrant of the bow where it joins 
onto the underside shell plating 

 
8. Bottom shell plating between the cracks on the Port and Starboard side of the vessel - Bottom Shell plating 

Starboard side to Port side 
 Co ordinates – Eastings 360006.8 Northings 5859773.4 
 

 
Below are two Multi Beam video files produced from Qloud the multi beam post processing software 
 
Swanland - Multi beam video - 1 
 
Swanland - Multi beam video - 2  
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5.0 Osiris report to Subsea Vision 
 
Introduction 
The following document is designed to summarise the data deliverables from the Swanland Remote Operated Vehicle 
(ROV) and Multibeam Echo Sounder (MBES) investigation which took place between 06/02/2012 and 07/02/2012. The 
following data is specific to MBES data. All Figure names refer to the file names of each GeoTIFF or PNG deliverable. 

 
Vertical Datum 

All depth data for this survey have been corrected to the UK Vertical Offshore Reference Frame (VORF), a reference 
datum developed in conjunction with the UKHO by which depths can be expressed and compared uniformly across all 
UK EEZ waters, and reduced to Lowest Astronomical Tide (LAT), which can be defined as the least amount of water 
which can reasonably be expected due to tidal influences, i.e. lunar and solar gravitational forces during tidal springs.  

 
Colour Scale 

The Scale bar below depicts the colour range utilised to represent depth, with -84.5m being the deepest depth, and -
65.0m the shallowest in the following images. This scale is relevant to all delivered images, including 3D PNG files. 

2D images of Swanland 

 

Figure 1 Swanland_2D_0.2m 

Fig. 1 displays final processed MBES data gridded to a 0.2m x 0.2m bin (area of seabed represented by one pixel). 
Shading has been applied to provide 3D aspects to the wreck. This image is North orientated, with the bow of the 
Swanland offset to the North. The smooth surface and features at the stern of the Swanland indicate that the wreck is 
upside down, with the keel facing up. Due to this orientation of the vessel, the Port side is in the East, and Starboard 
side in the West.   
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Figure 2 Swanland_2D_0.2m_2 

Fig. 2 shows the same data, with the illumination angle used to provide the shading altered. This is designed to 
provide an alternative aspect to the image, and highlight features which may not have been as apparent in Fig. 1. 
Again Fig. 2 is at a 0.2m bin, with a scale of -65m to -84.5m. 
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Cargo Debris 
The image in Fig. 3 is displayed at a lower resolution of 0.4m, however a 0.2m deliverable is provided. It shows the 
location of the Swanland in relation to debris to its North. The debris was hypothesised to be a pile of the Swanland’s 
cargo, limestone, covering a partially exposed hatch cover.  

 

Figure 3 Swanland_2D_0.4m_boundary 
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Standard Falcon ROV – 300m depth rated 
 
The Falcon ROV system is configured to be free swimming. It is adaptable, reliable and can 
perform varied inspection tasks from CVI to CP surveys. Various tooling packages can be 
integrated with the Falcon (listed below). 
 
 
Falcon ROV complete with surface control units packed into transit cases and can be mobilized via 
air freight  
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The standard Falcon ROV is supplied with the following 
 
ROV 

- 5 x MCT1 thrusters 
- 1 x Colour Camera 
- 1 x Monochrome camera 
- 1 x Mini King Sonar 
- 1 x 300mtr low drag umbilical 
- Tooling packages on request (additional cost) 

 
Standard surface equipment 
 

- 1 x Power supply unit 
- 1 x System keyboard 
- 1 x Pilot monitor 
- 1 x Survey monitor 
- 1 x VGA monitor 
- 1 x Laptop PC for sonar and system paperwork 
- 2 x DVD recorders 
- 1 x Remote spares package including spare umbilical 
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Specifications of the Standard Falcon ROV 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Power requirements 
 

- 220-240Vac single phase 16amp 
 
 

Optional Tooling packages 

 
- Contact or Proximity CP 
- Innovatum Pipe / cable tracking system 
- Ultra thickness measurements 
- Mechanical cleaning 
- Scaling cameras 
- Single or 5 function manipulator  
- Dye injection system 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Size, Weight and Thrust 
 

- Length 1000 mm 

- Height 575 mm 

- Width 600 mm 

- Thrust Fwd 48 kg 

- Thrust Lateral 28 kg 

- Thrust Vertical 12 kg 

- Weight 65kg 

- Payload 10 - 15 kg 
 

Video Overlay includes as standard 
 

- Compass Heading 
- Depth in metres or feet 
- Camera tilt platform position 
- Auto function status 
- CP reading (optional) 
- Odometer Count (optional) 
- Date and Time 

- Facility to export data to survey 
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EXECUTIVE SUMMARY 
 
The Cook Islands registered general cargo vessel, MV SWANLAND of 3,100 deadweight 
tonnes capacity, was lost in heavy weather carrying 2,730 tonnes of Type 1 Limestone 
during the early hours of 27th November 2011, with the loss of six of her eight crew.  The 
weather conditions at the time were reported as gale force winds of Beaufort Force 8-9 and 
wave heights of between 4 and 6 metres. 
 
MV SWANLAND was built in 1977 of all steel construction.  She had a single cargo hold 
extending forward of her aft accommodation and protected by a raised forecastle at the bow. 
The two cargo hold hatch covers were of the folding type and met at a cross beam at main 
deck level, frames 64-66.  She was constructed to the relevant Lloyds Register of Shipping 
(LR) Rules at the time and since 2009 was entered into the International Naval Surveys 
Bureau (INSB) Classification Society.   
 
MV SWANLAND was transversely framed with additionally strengthened frames at frame 
numbers 46-48, 64-66 and 82-84 to provide additional resistance to lateral structural loads 
due to the large single hatch opening at the main deck level.  The structural design of MV 
SWANLAND was, in our opinion, typical for a ship of her size and type. However, the large 
single hatch opening extending the length of the cargo hold meant that her longitudinal 
strength (i.e. her resistance to longitudinal hull bending and stresses) was highly dependent 
on the relatively narrow area of main deck structure either side of the hatch opening and the 
upper side shell structure. 
 
Whilst MV SWANLAND was classified as a ‘General Cargo’ vessel, she was effectively 
operated as a bulk carrier on coastal trades, carrying bulk aggregate products and a number 
of potentially corrosive cargoes (such as road salt).  Regular and often extensive repairs 
were carried out to her hold structure (side shell, side shell frames, under-deck stiffeners and 
tank top plating) due to the effects of mechanical damage caused by cargo loading and 
discharge methods such as grabs and excavators, including the excavator mounted 
permanently onboard from 2003.  Damage was also likely to have been caused by the 
abrasive cargoes that were carried. 
 
Due to the voyage pattern that MV SWANLAND was engaged in (short regular voyages in 
coastal areas), there would have been high numbers of cargo operations and as such, 
greater propensity for this kind of damage to occur.  Further, the short voyages (often only a 
day or two), short port turnaround times and lack of regular ballast voyages would have 
made full and proper hull cleaning and coating maintenance difficult without specific 
maintenance periods (for which no such evidence has been sighted).  Combined with the 
regular mechanical damage being experienced during cargo operations, this would have 
resulted in significant damage and corrosion to the vessel’s structure in way of the cargo 
hold.  
 
MV SWANLAND was subject to extensive and often repeated structural repairs during much 
of her 34 year service life. Of particular note are repeated repairs to key structural members 
including the cargo hold transverse frames, side shell plating, cracks in bottom longitudinals, 
deck plating and under-deck stiffeners, tank top plating due to heavy corrosion, cracked and 
corroded welds and various localised cracks following every Intermediate or Special 
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Classification Society survey from 1997 until 2009 when the vessel changed Classification 
Society and Flag.  Condition surveys conducted on behalf of the vessel’s insurers in 2002 
also found the vessel’s structure to be in ‘poor’ condition with no maintenance plan in place.  
Classification Society surveys recorded a number of structural deficiencies and notably, 
evidence of structural defects and repairs completed without informing the Classification 
Society; a serious deficiency under the International Safety Management Code (IMO 
Resolution A.741(18) as amended), to which the vessel must comply.   
 
An examination of the vessel’s structural condition following the 2009 INSB survey was 
carried out as part of this investigation. Taking the Ultrasonic Thickness Measurements 
(UTM) report and applying standard Classification Society corrosion rates for the different 
structural elements plus cargo specific corrosion rates (in particular for the extended period 
of voyages carrying rock salt in wet conditions), estimates have been made of the midship 
(frame 58) Section Modulus of MV SWANLAND at the time of the sinking.  This showed that 
significant parts of the vessel’s structure would potentially have been sufficiently corroded to 
cause an overall reduction in Section Modulus of approximately 18% by November 2011. 
 
This was further exacerbated by examples of incorrect diminution calculations in the 2009 
UTM report, resulting in the calculation of diminutions as less than the reality. Hence the 
situation occurred, where parts of the vessel’s structure that should have been subjected to 
further, detailed inspection and UTM were not.   
 
Up until 2009, there are extensive records of Classification surveys and the vessel’s 
structural condition.  Following the transfer of ‘Class’ in 2009 to INSB, this level of 
information had significantly reduced and includes some clear contradictions, where 
structural elements known to be corroded and with no evidence of repair (specifically the 
double bottom water ballast tanks) are described in INSB reports as ‘in good condition’ and 
‘uncoated’ but described as in ‘poor’ condition by the owners of MV SWANLAND in 2009. 
The available photographic evidence shows the ballast tanks to be in poor condition prior to 
repair, demonstrating the level of wastage over a period between 2006 and 2009. Following 
repair (but no coating) the ballast tanks were again reported by INSB to be in “good 
condition” and coatings to be in ‘fair’ condition in 2010, despite there being no evidence of 
any repairs or coatings applied.   
 
The available evidence provided to date, shows that at the time of her sinking, the strength 
of considerable parts of the MV SWANLAND’s structure would likely have been significantly 
impaired due to corrosion and damage.  Some of these elements would likely have wasted 
close to the relevant Classification Society limits at the time of the sinking. Other elements, 
with notable wastage (greater than 15% say) would have required a maintenance plan (as 
per International Safety Management Code, Ch.5, S10) to ensure adequate structural 
integrity was maintained. To the author’s knowledge, there is no evidence of any 
maintenance plan having been provided for examination.  
 
The 2008 INSB Rules (Part I, Ch.3, section 1.2.5) required the vessel to carry approved 
loading guidance and stability data, which would assist to ensure correct loading within the 
permissible limits for shear forces and bending moments.  There is no evidence (of which we 
are aware) of a loading manual being carried onboard beyond 2009 and no copy of any such 
document available from the owners or managers.  
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Consequently, we consider it likely that the primary structure (midships section) of MV 
SWANLAND was in a weakened condition in the latter parts of her operational life. Periodic 
repairs would have regained structural strength but appeared to have been ‘piecemeal’ or re-
active and hence the overall effect would have been that the original structural strength 
would possibly never have been regained.  At the time of her sinking, it is our opinion that 
significant areas of the vessel’s critical structure with regard to hull girder strength had 
potentially been corroded to the point where she did not have sufficient longitudinal strength 
to resist the large bending moments and consequential stresses that she would have 
experienced on the voyage from Llandulas on 26th November 2011. 
 
In summary, based on the available evidence and our review of the structural history of MV 
SWANLAND, the major contributory factors to the structural failure were, in our opinion: 
 

- Corrosion of the critical areas of the structure of the vessel that provided her longitudinal 
strength, resulting in a reduction of the capacity of the structure and the structural failure 
of the main deck area, followed rapidly by the catastrophic failure of the main deck and 
side shell and subsequent sinking. 

- An apparent lack of focus on the management and maintenance of the structural 
integrity of the vessel that allowed her primary structure to degrade over time resulting in 
a critical reduction in longitudinal strength.  

- An apparent lack of focus by the Classification survey and inspection regime from 2009 
onwards on key areas of the vessel’s structure, already requiring attention in 2009, 
resulting in their continued corrosion to close to the relevant Classification Society limits.  
There is no evidence to suggest that any subsequent surveys (from 2009) required 
repairs to be made in order to prevent a critical loss of hull structural strength. 

The conclusions of this investigation are not, in our opinion, new to the shipping industry and 
have been indentified for a number of vessels lost or damaged due to structural failures. 
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1 TERMS OF REFERENCE 
 
1.1. Braemar Technical Services Ltd (Braemar) were instructed by the Marine Accident 

Investigation Branch (MAIB) to undertake a review and investigation of the structural 
history of the general cargo ship MV SWANLAND, which was lost on the 27th 
November 2011, as part of the investigation of the accident being completed by the 
MAIB. 

  
1.2. The investigation was conducted under MAIB Purchase Order No. 8000108390 of 9th 

Aug 2012 and in accordance with MAIB Specification of Work 04/03/105. 
 
1.3. The scope of the investigation is to review and analyse the structural records for MV 

SWANLAND, together with the relevant Classification Society Rules, surveys and 
repairs in order to: 
i. Provide an overview of the vessel’s structural design; 
ii. Summarise the history of structural repairs, modifications and surveys; 
iii. Assess the effect (if any) of the structural repairs and modifications on the loss of 

the vessel. 
iv. Draw any appropriate conclusions on the most likely cause(s) of the structural 

failure and subsequent loss of the vessel; 
v. Assess the likely condition of the vessel, in particular in way of the cargo hold 

and double bottom beneath the hold in vicinity of the midships area; 
vi. Assess the vessel’s structural design in terms of its fitness for purpose. 

1.4. This report describes the review of the available evidence and provides conclusions 
as appropriate on the elements of the investigation described in 1.3 above.   
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2 SOURCES OF INFORMATION 
 
2.1 The MAIB provided a Blu-Ray disc of data and information for this investigation, 

containing the following information: 
- Narrative of the accident; 
- Vessel drawings and structural plans; 
- Relevant Classification Society Rules; 
- Classification Society survey records, reports and other associated documents; 
- Ship operator’s records of dry-dockings and repairs; 
- Port State Control inspection records; 
- Photos from various sources; 
- Weather data for the period in question; 
- Information relating to the cargoes carried; 
- Condition survey reports carried out for insurance purposes; 

2.2 Unless specifically referenced to a Reference at the end of this report, all information, 
data or evidence quoted in this report is provided by the MAIB.  Where appropriate, 
specific references from the evidence provided by the MAIB are highlighted.  

 
2.3 Specific references are identified in the text of this report with the relevant reference 

number in square brackets, e.g. [1]. 
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3 BACKGROUND 
 
3.1. The Cook Islands registered general cargo vessel MV SWANLAND was lost on 27th 

November 2011 in heavy weather while on passage from Llanddulas, North Wales to 
Cowes, Isle of Wight.  Only two of her eight crew survived. 

 
3.2. She had sailed from Llanddulas at 10:45 on the 26th November 2011, fully loaded 

with 2,730 tonnes of Type 1 Limestone.  Throughout the voyage on the 26th, the 
weather conditions deteriorated with conditions at 01:00 on the 27th described as 
south west gale force 8, gusting to 9 and wave heights of between 4 and 6 metres. 
 

3.3. It is reported that at approximately 02:00, the MV SWANLAND was struck by a large 
wave forward, following which the bow dipped as the wave moved along the length of 
the vessel.  The bow was then struck by a second large wave and as the bow rose 
again, the starboard side bulwark (between the forward and aft hatch covers) was 
observed to fold outboard.  At this time, the forward most section of the aft hatch 
cover lifted and the bow appeared to be higher than normal. 
 

3.4. The general alarm was sounded, at which point another large wave broke over the 
main deck.  The MV SWANLAND was turned around, going hard to port so as to 
present her stern to the waves.  The damage appeared to increase as the vessel 
turned with the bow rising higher and when beam-on to the seas, large waves broke 
on top of the hatches and water was seen to have entered the holds where the hatch 
covers had lifted. 
 

3.5. Water continued to enter the hold and consequently, the vessel rapidly lost freeboard 
before sinking with the loss of six crew. 
 

3.6. Sonar and Remotely Operated Vehicle (ROV) surveys confirmed that the wreck was 
lying inverted on the seabed, having sustained a large structural failure in the area of 
the Load Line mark on both the port and starboard sides of the vessel.  The bottom 
plating was generally intact, but with a large crease running transversely across the 
vessel between the port and starboard side failures.  Due to the wreck being upside 
down, the main deck plating was not accessible and no physical samples were 
recovered from the wreck. 
 

3.7. Some localised damage was observed at the vessel’s bow area and a large item of 
debris was observed on the seabed, 145 metres to the North of the wreck.  
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4. THE VESSEL 
 
4.1. General Characteristics 
 
4.1.1. The principal characteristics of the MV SWANLAND are given below: 

 
Name: SWANLAND 
IMO No.: 7607431 
Flag: Cook Islands 
Classification Society: International Naval Surveys Bureau (INSB) 
Owner: Swanland Shipping 
Manager: Torbulk Ltd 
Type: General Cargo 
Year of Build:  1976 (Keel laid) 
GT: 1978 
Deadweight: 3,100 tonnes 
Length Overall: 81.01 m 
Length Between Perpendiculars: 74.80 m 
Beam: 13.80 m 
Draught (summer):    5.36 m 
Propulsion: Single Screw, Diesel 
Power (MCR): 1,942 kW 

 
Figures 1(a) and (b) below show the MV SWANLAND on voyage at Point Lynas, 
Anglesey (March 2008) and alongside at Raynes Jetty, Llanddulas (June 2010) 
respectively.  Figure A.1 of Appendix 1 shows the General Arrangement. 
 

 
Figure 1(a) – MV Swanland at Point Lynas, March 2008 
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Figure 1(b) – MV Swanland at Raynes Jetty, June 2010 

 
4.1.2. The MV SWANLAND was built in 1977 as the CAREBEKA IX in the Netherlands.  

She was renamed SWANLAND in 1996.  She was operated around the UK 
coastline and northern Europe, carrying various dry cargoes in her single hold. 
 

4.1.3. Her accommodation and engine room were located aft, with double bottom tanks 
beneath the cargo hold.  Her single hold was covered by two folding hatch covers 
(one each forward and aft of a cross beam at Frame 65), each consisting of 10 
folding segments. 

 
4.1.4. She had a raised forecastle to provide protection to the main deck and buoyancy in 

accordance with the classification society rules of the time.  Her summer load 
freeboard was 990mm.   

 
4.1.5. In 2003, she was modified to enable self-discharge operations with the addition of a 

conveyor system on the port side of the main deck and a moveable carriage on rails 
either side of the cargo hatch coaming, on which was stowed an excavator for 
discharging cargo.  At sea, the carriage and excavator were stowed forward, 
immediately aft of the raised forecastle.  

 
4.2 Structural Design 
 
4.2.1. The keel of MV SWANLAND was laid on 27th July 1976 and the vessel was built 

according to the rules of Lloyd’s Register.  The exact rules which were applied to 
the vessel have not been fully confirmed, but based on the keel laying date, it is 
reasonable to assume that the Lloyds Register of Shipping Rules and Regulations 
for the Construction and Classification of Steel Ships, 1976 (LR 1976 Rules)  were 
applicable. 



MV SWANLAND – Structural History Investigation  GSS No.: 312835 
   

Page 12 of 72 
 

4.2.2. However, since the vessel’s length is less than 90m, according to Chapter D of the 
LR 1976 Rules (page 34), the Rules for Hull Construction of Steel Ships Under 90m 
in Length, 1976 (LR Small Ship Rules 1976) are applicable. 

 
4.2.3. It is possible that she was built to the LR 1976 Rules, as there is generally some 

flexibility for such changes (at Owner’s request).  However, since this would 
generally involve additional Classification fees and construction costs, it ought to be 
considered unlikely that she was built to the LR 1976 Rules.  

 
4.2.4. Accordingly, for the purpose of this investigation, we have therefore assumed the 

LR Small Ship Rules 1976 were applicable.   
 

4.2.5. MV SWANLAND was of all steel construction and was transversely framed with a 
series of flanged plate frames.  The single cargo hold measuring approximately 
52.6 metres by 13.0 metres was accessed through a large cargo hatch opening 
either side of a central cross-beam at frame 65 (see General Arrangement drawing 
in Appendix A). 

 
4.2.6. At either end of the hold was a short longitudinal bulkhead situated on the centre-

line at frames 24-31 and 99-106 (Figure 2).  Within the hold, all of the frames were 
exposed apart from three frames in way of frames 64-66, which were plated in and 
of deeper scantlings.   

 

 
Figure 2 – Photo of MV SWANLAND Hold, Showing Longitudinal Bulkhead at Fr24-31 

 
4.2.7. The frames alternated between deep and intermediate frames (alternate frames 

being half the depth of the others) and frames 46-48 and 82-84 were additionally 
strengthened with deep frames at frames 47 and 83, the positions of which 
correspond to the mid-point of each cargo hatch opening. Figure 3 below shows the 
cross-deck beam at Fr 65 and the additional deep frames at Fr46-48, 64-66 and 82-
84, which are different to the others having increased scantlings in way of the 
connection to the deck-head above (see also Sections 5.1.10 and 5.1.11).  At 
frames 64-66, the frames were also plated over, as detailed in Section 5.1.10.  
Examination of the drawings also shows that these frames had a fuller connection 
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to the double bottom structure at the side, with structural continuity in way of the 
plated in flanges extending below the tank top plating.  

 
4.2.8. The bottom structure was of an enclosed “double bottom” type with longitudinal and 

transverse floors, providing additional strength and rigidity in the vessel’s bottom 
area. 

 

 
Figure 3 – Photo of MV SWANLAND Hold, Showing Transverse Framing System 

 

4.3 Ship Classification and Registry 
 
4.3.1. As stated in para. 4.2.1, MV SWANLAND was built to Lloyd’s Register (LR) rules 

and hence was entered into LR for her classification upon entering service.  
Through her life, she was entered into the following classification societies: 
 
1976 - 1987: Lloyd’s Register; 
1987 - 1997: Bureau Veritas; 
1997 - 2009: Lloyd’s Register; 
2009 - 2011: International Naval Surveys Bureau (INSB). 
 

4.3.2. Lloyd’s Register and Bureau Veritas are both leading and founding members of the 
International Association of Classification Societies Ltd (IACS), the association 
which comprises the 13 leading classification societies for shipping1. INSB is not an 
IACS member. 

                                                 
1 A full explanation of IACS can be found at http://www.iacs.org.uk/explained/default.aspx.  

Frame 82-84 

Frame 64-66 

Frame 46-48 

http://www.iacs.org.uk/explained/default.aspx�
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4.3.3. Both the full 1976 LR Rules and the LR Small Ship Rules 1976 stipulated that an 
approved manual for loading be developed to provide guidance on the applicable 
safe sequence and distribution of loading to ensure that shear forces and bending 
moments were within the agreed permissible limits in accordance with the vessel’s 
required structural design. 

 
4.3.4. IACS produces so-called ‘Unified Requirements’ on certain aspects of ship 

Classification, designed to provide consistency across all IACS members.  A Unified 
Requirement may simplistically be considered as an ‘umbrella’ requirement to which 
individual Classification Societies Rules will adhere to.  The IACS Unified 
Requirement (UR) concerning loading manuals2 relevant at the time of construction 
of MV SWANLAND states that “Ships exceeding 150m in length are to be equipped 
with loading guidance facilities (calculation sheets, instruments etc)......All Ships, 
regardless of length, for approved uneven cargo or ballast distributions..... are to be 
supplied with information to facilitate rapid assessment of stresses in the hull”. 
Subsequent revisions of IACS UR S1 also confirm the requirement for an approved 
loading manual for a vessel of MV SWANLAND’s size and type, noting that these 
subsequent revisions (1983, 1995 and later) state that for ships contracted before 
1st July 1998, the relevant revisions at the time of contracting shall apply.  For MV 
SWANLAND, this would therefore be Revision 1 of 1971. 

 
4.3.5. The 2008 INSB Rules also required the provision of both loading calculations (Part 

I, Chapter 2, section 3.4.1) and a Loading Manual (Part I, Ch 2, section 3.7.1, if 
applicable). For the transfer of the vessel to INSB Class, INSB also required 
verification of that “loading guidance and stability data are onboard ready for use” at 
each annual survey (Part I, Ch 3, section 1.2.5).  However, there is no reference in 
the 2008 INSB Rules as to application of this requirement for a ‘Loading Manual’ 
only ‘if applicable’.  Section 5.5 refers to this in more detail. 

 
4.3.6. The minimum longitudinal strength requirement was set out in Section 3 of the LR 

Small Ship Rules 1976 (page 9), which stipulated the minimum section modulus at 
deck and keel according to an empirical formula utilising the maximum Still Water 
Bending Moment (determined from the light-ship weight distribution, buoyancy and 
cargo loading along the length).  No explicit mention is made of Wave Bending 
Moments in LR Small Ship Rules 1976, compared to the 1976 LR Rules (i.e. for 
vessels greater than 90m length), which provides a requirement explicitly 
determined from the Still Water and Wave Bending Moments.  

 
4.3.7. MV SWANLAND’s country of registration (flag state) through her life was as follows: 

 
1977 - 1988: Netherlands (entered service); 
1988 - 1990: Malta; 
1990 - 1996: Cyprus; 
1996 - 2009: Barbados (changed name to SWANLAND); 
2009 - 2011: Cook Islands (together with change of classification to INSB). 

                                                 
2 UR S1: Requirements for Loading Conditions, Loading Manuals and Loading Instruments, Rev 1. 1971. 
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4.3.8. Hence at the time of the accident, MV SWANLAND was registered to the Cook 
Islands flag and classified by INSB. 
 

4.3.9. In accordance with the relevant Classification Society rules, MV SWANLAND was 
surveyed annually (Annual and Intermediate Surveys) and underwent a special 
survey every 5 years.  Due to the age of the vessel and previously surveyed poor 
condition of the ship in way of critical areas (e.g. double bottom sea water ballast 
tanks), the scope of the Intermediate Surveys (2nd or 3rd survey after a Special 
Survey) should have been increased to provide full internal inspection of all salt 
water ballast tanks and cargo hold spaces.  Accordingly the inspection and testing 
of these areas should have been effectively the same as a Special Survey and 
should have included ultra-sonic thickness measurements (UTM).  This is set out in 
the INSB Rules (Part I, Ch 3, Section 2).  

 
4.3.10. The 2009 survey at Kaliningrad was classified by INSB as an Intermediate and Dry-

Docking survey. Since MV SWANLAND’s classification was transferred to INSB at 
this time, she underwent an initial survey for entry and thickness measurements 
survey.  The next special survey was due in 2012. 

 
4.3.11. In accordance with the Classification Society rules, as a vessel ages, so the 

requirements for the stringency of the surveys increase, requiring increased 
inspection of structural members, examination of an increased number of critical 
areas and greater density of thickness measurements.  Depending on the results of 
annual or intermediate surveys, the classification society may impose additional 
requirements on each subsequent annual or intermediate survey, such as thickness 
measurements of particular areas of structure if corrosion is a problem for example, 
in order to maintain the required minimum standards for vessel safety.   

 
4.3.12. In the case of MV SWANLAND, Lloyd’s Register had imposed a ‘Memoranda of 

Class’3 on her annual surveys for additional inspections and thickness 
measurements where required, for a number of areas of the hull structure due to 
wastage of structural material. Specifically, this was for all double bottom water 
ballast tanks (since 22/03/2005, Great Yarmouth), and areas of the side shell 
frames) port (fr 59-62) and starboard (fr 35-53, 65-77) since 30/10/2006, (Klaipeda), 
various structural elements in the Aft and Fore peak tanks (since 12/06/2006, 
Liverpool).  Following entry into the classification of INSB, an additional requirement 
only for inspection of the vessel’s ballast tanks at each annual survey was imposed. 

 
4.3.13. Section 5.2 provides an assessment of the vessel’s structure based on the 

classification survey records and the owner’s own records. 
 

4.3.14. In accordance with the Paris MOU protocol4, MV SWANLAND was inspected by 
Port State Control officers 46 times between February 1998 and October 2011.  

                                                 
3 A ‘Memoranda of Class’ in this context defines “recurring survey requirements, such as annual survey of specified spaces, 
........, which have the de-facto effect of conditions of class” (IACS Document ‘Classification Societies; What? Why? How?’ 
http://www.iacs.org.uk/document/public/explained/Class_WhatWhy&How.PDF). 
4 The Paris MOU sets out the requirements for Port State Control inspections by participating maritime administrations (flag 
states) http://www.parismou.org/.  

http://www.iacs.org.uk/document/public/explained/Class_WhatWhy&How.PDF�
http://www.parismou.org/�
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During this time, she was detained two times and since 2009, 41 deficiencies were 
registered.  It is not known how many of these were outstanding, if any, for 
rectification at the time of the accident.   

4.4 Repairs and Modifications 
 
4.4.1. Based on the available records, MV SWANLAND underwent dry-dockings / repair 

periods as described below in Table 1. For full descriptions of the abbreviations and 
numbering system, please see the Glossary. 

 
4.4.2. Some information is available for periods prior to 1997 but it is relatively sparse and 

it should be noted that the information available for the repairs prior to 2009 is 
limited.  Thickness measurement reports exist for the 2005, 2006 and 2009 repair 
periods, but it is understood that any previous thickness measurements reports 
were lost with the vessel. 
 

Date of 
Repair 
Period 

Age at Time 
of Repair  

(from entry in 
service) 

Location / 
Survey Type Summary of Significant Structural Repairs 

1987 10 
Papenburg / 
Special 
Survey 

Bottom plating extensively renewed after 
grounding, stbd side fr’s 28 – 81, 95-105/ Port 
side 32 – 81, 95-105, shell plate F strake fr 68-
79.  Corroded seam & butt welds in forebody 
veed out and rewelded.  Doubler plate at FPT 
stbd repaired. Replaced heavily corroded tank 
top plate at stbd fr9 on bulkhead + horiz. 
stringers. Long’l CL bulkhead part renewed, 
connecting deck beams, brackets & stiffeners. 
Local stevedore damage in holds repaired 

1988 11 
Vlissingen / 
Annual 
Survey 

Side shell buckled plate fr 97-105. Aft peak – 
welds at upper side stringer cracked P/S. 

1992 15 
Pireaus / 
Special 
Survey 

Keel fr’s 29-88 and assoc’d internal cropped & 
renewed.  Strakes A, B, C P/S 31-88 & 
internals cropped & renewed.  Tank top CL 1st, 
2nd plate P/S fr31-84 and assoc’d internals 
renewed. Stevedore damage to frames / 
brackets repaired in hold.  Condition of SW 
ballast tanks to be examined annually. 

1993 16 
Unknown  / 
Annual 
Survey 

Shell damage stbd side fr 81 – 94, iwo fwd 
cargo hold, crop & renew web frame fr 94. 

1994 17 
Unknown / 
Intermediate 
Survey 

Var. Side frames & brackets partly buckled 
/damaged.  Keel plate and 1st bottom plate and 
assoc’d internals buckled & renewed (1 DBT P 
fr 86-94).  Bottom plate & internals iwo of #2 P 
FO Tank buckled and renewed (fr 60-86) 

1997 20 
Hull /  
Special 
Survey 

Repair of hold frames, aft shell plating, 
bulwarks, transom, forward main deck, Aft 
Peak Tank, Forepeak Tank, hatch coamings, 
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bulwark fractures, Forecastle bulkhead fracture 

2000 23 
Leith / 
Intermediate 
Survey 

Shell plating frames and deck stringers aft, P/S 
side shell plating, P/S shell frames, Aft Peak 
bulkhead, hatch coamings, hatch covers, 
existing weld repairs, fore peak plating, 
bulwark fractures, renew shell plating fr25-30 
and 35-40. Doubler plate iwo fwd hold access. 

2002 25 
Bijela / 
Special 
Survey 

Shell plating Port, 1st – 4th strake, shell plating 
stbd, 1st – 4th, 6th strakes, bottom longitudinal 
inserts, hold frames web, flanges and brackets 
(total 32 stbd side, 43 port), repair of fillet weld 
crack on hold frame web, deck plating iwo 
hatch coaming 1 and 2, under-deck stiffeners, 
fwd deck plate and stiffeners iwo hatch 
coaming/fo’cstle, wt bulkhead at fr 116, DB 
ballast tank frames (no 2 and 3 P/S, DB long’l 
bulkhead iwo DB tanks 1-2 renewal, bottom 
plating and long’l (fr 7-9) 

2003 26 
Reimerswaal 
/ Occasional 
Survey 

Self discharge equipment added, deep web 
frame scantlings modified, hold frames 
renewed (total 26 fr’s P, 22 fr’s S), deck fr’s 
renewed (total 2 P, 6 S), inserts replaced in 5 
fr’s P, 4 S, hatch coaming crack repaired  

2004 27 
Rotterdam / 
Occasional 
Survey 

Thickness measurements taken (no report 
available), repairs to aft peak tank 

2005 28 

Great 
Yarmouth / 
Intermediate 
Survey 

Hatch cover lids, runners and guides, fwd tank 
top, bulkhead and stingers, frames. Aft 
bulkhead repairs, hold frames, DB tanks P fwd 
stiffeners, insert plate P fwd, main deck aft 
beam renewal, centre, main hatch beam girder 
repair, UTM report advises “stiffening added to 
frames to compensate for thickness”. 

2006 29 
Leipaja / 
Special 
Survey 

UTM completed, hatch coaming repairs, hatch 
lids renewed, DB structure #1-4 P/S/CL 
extensive repairs incl. longitudinal, lower 
frames, bottom framework, deck longitudinal, 
tanktop plate, CL bulkhead, bottom plate (CL), 
FO tank repairs no’s 2 and 3 P/S, renewal of 
shell plate stbd, bottom & side (15 locations), 
bulwark repairs, hold frames repair / replace 
(total 58 locations P, 31 S). Repair cracks both 
sides (5 locations, total length 3960mm). 
Repair hold stringers P/S (x 8), Aft hold 
bulkhead steel replacements, forecastle deck 
plating & framework iwo windlass replaced, Aft 
Peak tank steel and framing renewal, Fore 
peak tank bulkhead/frames, plating renewed,  

2009 32 
Kaliningrad / 
Intermediate 
&  Initial. 

Main deck at fwd superstructure bulkhead, & 
iwo forepeak. Hold frames on CL (6 locations), 
Port (17), Stbd (37), cargo hold shell plate, 
stbd side fr 23 – 37, complete renewal of CL 
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bulkhead in hold aft.  Repair cracked bottom 
longitudinal (13 locations), hatch coamings, 
bulwarks, outer shell plating at bottom stbd (21 
locations), Stbd fwd side shell (x 9), Port fwd 
side shell (x9). Bilge keel P/S. Repair hold 
frames P (x 4) / S (x17), side shell plating P 
fwd & stiffeners, fwd bulkhead fr 106, Under-
deck stiffeners, side frames P (x 3), Port outer 
plating fr 24-35 iwo bulkhead – repair pit 
corrosion, Trans. bulkhead at fr 24-31, repair 
damaged hold frames P (x2), S (x10), main 
deck plate at Fr25-30, 100-102.  

2010-11 33-34 N/A No evidence of any repairs conducted. 

Table 1 – Summary of Major Repair Periods 

 
4.4.3. As can be seen from Table 1, MV SWANLAND underwent extensive repairs 

throughout her service life with repeated repairs to the following areas.  These were 
repeatedly identified and reported during her Classification Hull Surveys and 
Conditions of Class were imposed requiring repairs to be effected: 
- Cargo hold transverse frames (webs and faces) and associated plating due to 

‘mechanical’ damage and wastage of material; 
- Side shell plating damage; 
- Bottom plating and associated stiffeners / structure due to grounding damages 

and / or buckling; 
- Cracks to bottom longitudinals in double bottom; 
- Deck plating and under-deck stiffeners; 
- Forward and aft cargo hold transverse bulkheads; 
- Tank top plate due to heavy corrosion; 
- Hatch coamings and bulwarks; 
- Cracked and corroded welds; 
- Localised cracking. 
 

4.4.4. Figures A.2 (a) – (l) in Appendix A present this schematically in profile and tank-top 
plan views (A.2(a) – (i)) and sections at frames 56, 58 and 60 (A.2 (k) – (l)) for each 
repair period from 2009 to 1997 and prior years. 
 

4.5 Cargoes Carried 
 
4.5.1. Records exist and have been provided for the cargoes carried and voyage details 

for the period from 2003 to the accident voyage. It is understood that prior to 2003, 
MV SWANLAND was freight managed by another company, Torbulk Ltd being her 
freight managers from 2003 and technical managers from 1996. 
 

4.5.2. In this period, MV SWANLAND carried a range of bulk cargoes, ranging from 
agricultural products such as wheat and barley, to aggregates such as limestone, 
sand or gravel and by-products from industrial processes such as various types of 
furnace ashes and slag.   
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4.5.3. Included within the cargoes carried are a number of potentially corrosive cargoes 
including Furnace Bottom Ash (FBA), Potash, Clinker and Salt.  Also, of note is that 
a number of the cargoes carried are abrasive materials including HTCR, Type-1 
Limestone5, asphalt and limestone. 

 
4.5.4. Figure 4 above shows the number of days that each cargo type was carried in the 

calendar years 2009 – 2011 for which the most complete records are available.   
 

4.5.5. In 2009, the cargoes were primarily Wheat, Type-1, Asphalt, Aggregate and Salt.  
Wheat is a benign cargo with regard to corrosion or abrasion, although it has 
dangers with regard to cargo shifting and vessel stability.  The other primary 
cargoes carried are all either abrasive or potentially corrosive. 

 
4.5.6. In 2010, the cargoes were primarily Wheat, Barley, Type-1 and Salt with a greater 

spread of other cargoes.  The number of days for which salt was carried (52) was 
almost double that of the previous and subsequent year, coinciding with the bad 
winter experienced in 2010 in the UK and increased demand for road gritting salt by 
local councils6.  Salt is a potentially corrosive cargo as defined by the IMSBC 
Code7.  Type-1 and a number of other cargoes carried are all abrasive cargoes. 

 
4.5.7. In 2011, a wider range of cargoes was carried, although primarily Aggregate, 

Limestone, Wheat and Salt.  Again, wheat is benign as far as direct ship structural 
matters are concerned, but the other cargoes are abrasive and in the case of salt, 
corrosive under the right circumstances.   

 

Figure 4 –Days Each Cargo Type Carried by MV SWANLAND, 2009-20118 

                                                 
5 HTCR is High Temperature Crushed Rock. Type-1 is a type of aggregate typically used in road construction. 
6 See http://en.wikipedia.org/wiki/Winter_of_2010%E2%80%932011_in_Great_Britain_and_Ireland,  
http://www.metoffice.gov.uk/climate/uk/2011/winter.html, http://www.guardian.co.uk/uk/2010/jan/10/sub-zero-grit-supplies-snow.  
7 International Maritime Solid Bulk Cargoes (IMSBC) Code. 
8 FBA  is Furnace Bottom Ash, also a by-product of coal burning and is often used as a construction material , RAP 20 is 

Reclaimed Asphalt Pavement and is used in road construction.  
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5. ANALYSIS AND REVIEW OF THE STRUCTURAL HISTORY OF MV SWANLAND 
 
5.1. Structural Design 
 
5.1.1. In accordance with the MAIB Specification of Work, we have examined the 

structural design of the MV SWANLAND with regard to: 
i. The appropriateness of the vessel’s original structural design including the 

framing system; 

ii. How common this particular structural design is for dry cargo vessels of this 
size and type; 

iii. The reason(s) for the plated-in frames at frame numbers 64-66 in way of the 
cargo hold; 

iv. The reason(s) for the additional strengthening at frame numbers 46-48 and 82-
84 in way of the cargo hold; 

5.1.2. There are two principal types of framing system used in ship design: transverse 
framing and longitudinal framing.  Ship designs, in principle, could be exclusively 
one or the other, but more usually incorporate both systems for different parts of the 
vessels’ structure. 

 
5.1.3. A transverse framing system is one where the outer shell plating is supported only 

by vertically aligned frames, as illustrated in Figure 5(a) for side shell structure.  A 
longitudinal framing system is one where the outer shell plating is supported 
predominantly by longitudinal frames as shown in Figure 5(b).  A longitudinally 
framed structure, though, will often have transverse frames as well, although these 
will be at a much greater separation than in a purely transversely framed ship. As 
these transverse frames have to pick up the load from the longitudinals, they will 
generally be deeper than the frames of a transversely framed structure. 

 
5.1.4. A ship’s shell plating and its associated framing (i.e. its stiffening system) generally 

serve several purposes at once, the significance of each being dependent upon the 
position of the structure within the hull.  These purposes, or functions, are: 
 To keep the water out; 
 To provide structural rigidity against transverse loads on the outside (hydrostatic 

water pressure, wave impact pressure, normal contact loads from tugs, etc.) and 
cargo loads on the inside; 

 To contribute to the ship’s overall strength to withstand longitudinal bending 
moments, shear forces, torsional moments, and racking loads. 

5.1.5. There is nothing inherently right or wrong about either framing system.  However, 
for a specific application or area in a vessel it is likely that one system will be more 
efficient than the other – i.e. will support the same loads with less weight of 
structure.  This, however, may have to be balanced against structural complexity 
and ease of construction. 
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Figure 5(a) - Transverse Framing on a Side-Shell 

 

 
Figure 5(b) - Longitudinal Framing on a Side-Shell 

 
5.1.6. By studying the structural drawings of the MV SWANLAND in the mid-body area, it 

can be seen that the bottom structure is an enclosed “double-bottom” structure with 
longitudinal and transverse floors, rather than an open framed system.  This is 
entirely usual and appropriate for coastal vessels which sometimes have to take the 
ground in drying-out berths during their service and therefore need additional rigidity 
and strength in the bottom area.  A double-bottom structure additionally, and 
importantly, adds some level of protection against uncontrolled flooding of the one 
or two holds of such vessels should a breach occur through bottom contact. 
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5.1.7. The structural drawings and photographs available show that the side shell in way 
of the hold is transversely framed.  This is very common for this type and size of 
vessel.  Even with large hatch openings and relatively narrow main deck at the 
sides, the overall bending moments on ships of this size are such that they can 
normally be absorbed by plating contributions to the ship’s midship section 
modulus, without having to gain more longitudinal structure through the use of 
longitudinal frames on the side shell.  Transverse framing in a side shell is easier to 
construct, and although through calculation it might be less efficient than an 
equivalent longitudinally framed system, it can have the advantage of less 
encroachment into the “free” or unobstructed hold space. 

 
5.1.8. The particular implementation of transverse framing in the MV SWANLAND was a 

series of flanged plate frames, with alternate frames being half the depth of the 
others.  With this arrangement, the deeper frames would have carried the bulk of 
the transverse pressure loading on the side, transmitting this load to the bottom and 
deck structures.  The smaller frames were likely included to prevent shear buckling 
of the plating occurring between the larger frames as a result of overall hull-girder 
shear forces, as well as to increase the “effective width” of the shell plating’s 
contribution to the larger frames’ strength by stabilising the plating mid-span 
between main frames. 

 
5.1.9. Breaking the general pattern of alternately sized open frames, the three frames 64-

66 in way of the cross-deck beam between hatch openings at the mid-length of the 
single hold were of equal (large) size and plated-in to form a vertical box section.  
The structural drawings show that there was a fuller connection of these three 
frames to the double bottom structure at the side, with structural continuity in way of 
the plated-in flanges extending below the tanktop plating.  The combination of these 
boxed frames and the cross-deck beam formed a portal frame that was purposefully 
“built-in” to the tank top structure.  The scantlings of this portal frame would have 
been chosen to provide strength in the midship area against racking loads (a 
tendency for the main deck to move laterally with respect to the tank-top), a job that 
a transverse bulkhead would otherwise do.  The original web thickness of these 3 
frames is 10mm compared to 8mm for all other frames between fr46-84. All other 
frames are 7mm, except fr 30-31 and fr 99-100 which are also 8mm. 

 
5.1.10. The plating in of the three frames at numbers 64-66, although creating a strong 

‘portal’ frame, would have had an added effect of creating an enclosed space inside 
the ‘box’ within which it is possible that corrosion could develop, due to the 
inaccessibility of the internal structure for maintenance and the potential 
development of an atmosphere internally conducive to corrosion.  Access holes are 
identified on the relevant structural drawing, but it would have been difficult to 
access for any meaningful maintenance. 

 

5.1.11. The structural drawings further show that at two other locations – frames 46-48 and 
82-84 – the frames are similarly of equal (large) size and similarly built-in to the 
tank-top structure in a more rigid way than the other side shell frames, but the 
flanges of the three frames are not plated-in.  These locations correspond to the 
mid-length of the hatch openings.  It appears that these additional cantilever-like 
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supports projecting from the tank-top would have assisted the boxed frames at 64-
66 in supporting the narrow main deck strips against lateral movement generally.  
The arrangement of these higher strength frames is illustrated in Figure 6. 

 

 
Figure 6 - Arrangement of Higher Strength Frames 

 
 
5.1.12. In 2003, with the addition of the conveyor and hopper system to enable self-

discharge, a moveable carriage was added to the main deck on which an excavator 
was situated. The carriage was moveable up and down the length of the hold on a 
rail located either side of the Port and Starboard longitudinal hatch coaming, 
approximately 300mm outboard of the coaming and slightly raised off the deck plate 
(see Figure 7 below).  The date of the photograph in Figure 7 is not known, but the 
build up of scale and loose material can clearly be seen underneath the rail and in 
between the hatch coaming stays.  As such areas become blocked or clogged, they 
can create water traps and over time, areas of localised corrosion.  It is also notable 
that the welds joining the rail to the supports on the main deck are new, suggesting 
that the rail has torn away from the deck supports at some point, or that the 
previous welds had failed. 

 

 
Figure 7 - Excavator Carriage Rail 
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5.1.13. Further, it can be expected that the vessel would have experienced water on deck 
during rough weather.  Her available freeboard when fully loaded in compliance with 
the required Classification Society rules was 990mm.   

 
5.1.14. It was reported that prior to the sinking of the vessel, waves were breaking over the 

deck, once the vessel was not head on to the waves.  In normal operation, any such 
water on deck may have become trapped around the various constructions on deck 
such as the excavator rail.  This would lead to corrosion problems unless the water 
is properly freed from the deck.  It is notable that MV SWANLAND had freeing ports 
running the full length of the main deck within the bulwarks.  See Figure 1(a) which 
demonstrates the low freeboard in rough weather.  

 
 

5.2. Effect of Repairs and Modifications 
 
5.2.1. As presented in Section 4.4 and Table 1, MV SWANLAND was subject to extensive 

repairs over her service life.  She was classified as a ‘General Cargo’, but based on 
the record of cargoes carried since 2009 and previous intermittent records she was 
primarily operating as a dry bulk carrier on coastal trades. 

 
5.2.2. The problems with dry bulk carriers with regard to maintenance, corrosion and 

structural failures are well known (Reference 1) and hence the extent and nature of 
the repairs is somewhat to be expected.  As with all dry-bulk carriers, the cargo can 
only be discharged mechanically with the assistance of cranes, bucket grabs, 
excavators and similar devices.  MV SWANLAND was fitted in 2003 with a 
dedicated excavator which was used to lift cargo from the hold into the hopper on 
the port side main deck, from which the cargo could be discharged via the conveyor 
system. A ‘Bobcat’ wheeled loader was used in the hold to move cargo into suitable 
piles for the excavator to pick up. Prior to 2003, MV SWANLAND would have 
discharged cargo by use of shore cranes and grabs or excavators. 

 
5.2.3. As with any mechanical system of picking up and moving cargo in the hold, the 

grabs can impact the vessel’s structure causing mechanical damage such as dents, 
localised buckling of stiffener webs and faces, dishing of plating (especially tank 
top).  An added effect of this ‘contact’ damage is that protective coatings are quickly 
damaged and lost, therefore exposing the bare metal.   

 
5.2.4. Loading dry bulk cargoes can also cause problems with mechanical damage to the 

vessel structure. With abrasive cargoes and those with higher unit / particle size 
such as limestone, damage may also occur due to impact and abrasion during 
loading.  Careful loading is therefore required for such cargoes (e.g. no free-fall 
drops) to avoid or minimise damage to the vessel’s hold structure. 

 
5.2.5. In this context, it is common in our experience, for bulk carriers (or vessels carrying 

dry bulk cargoes) to require regular and often substantial maintenance work on the 
vessel’s structure including periodic renewal of structure.  The type of operation or 
trade that the vessel is engaged in can often affect the required level of 
maintenance.  For example, an iron ore carrier engaged in primarily long trans-
continental voyages will be subjected to loading and discharging approximately 
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once every 35 – 40 days.  Conversely, a vessel such as the MV SWANLAND who 
was engaged in short (often 1 – 2 days) voyages around the UK and Northern 
Europe will be subjected to loading and discharge much more regularly and so the 
propensity for build-up of this kind of mechanical damage increases. 

 
5.2.6. With these shorter voyage durations and short port turnarounds, the opportunities 

for the required level of hold preparation (e.g. cleaning and coating) are significantly 
reduced.  Based on the records available for cargoes carried, it appears that MV 
SWANLAND rarely operated on alternate loaded / ballast voyages as she was 
carrying varying cargoes between different ports, often within 1 day of discharge of 
the previous cargo.  For example, in 2011, a sequence of cargoes was as follows in 
Table 2: 

 
Load Date Discharge 

Date Cargo Load Port Discharge Port 

09/02/11 11/02/11 Granulated Asphalt Dordecht Ipswich 
11/02/11 13/02/11 Cement Clinker Dunkirk Purfleet 
16/02/11 23/02/11 Wheat Boston Warrenpoint 
24/02/11 26/02/11 Salt Kilroot Ellesmere Port 
26/02/11 04/03/11 Limestone Raynes Jetty Cowes 

Table 2 – Example Sequence of Cargoes 

5.2.7. By way of further example, for a period in the winter of 2010, MV SWANLAND was 
engaged in carrying rock salt from Kilroot to Liverpool / Ellesmere Port coinciding 
with the heavy snowfall and icy conditions at the time.  The duration of each voyage 
was approximately 1 day and at a time when the cargo was in heavy demand. 
 

5.2.8. Consequently, it is likely in our opinion, that the nature of the trade that MV 
SWANLAND was engaged in did not lend itself to full and proper hold cleaning and 
coating.  This would have been exacerbated by the mechanical damage incurred 
during loading and discharging and resulted in regular and significant damage and 
corrosion to the vessel’s structure, as borne out by the summary of repairs in Table 
1. 
 

5.2.9. The overall effect is therefore one that means that the primary structure of MV 
SWANLAND was likely in a weakened state for much of her operational life.  
Periodically or whenever component parts of the structure became critical, repairs 
would ensure some strength is regained, however because older structure that is 
perhaps not as heavily damaged still exists around the new structure it is unlikely 
that the original overall strength is ever regained.   

 
5.2.10. For example, replacing a segment of tank-top plate adjacent to one that has 

corroded but is still within the accepted limits, creates a relative weak point and 
potentially enables corrosion to develop adjacent to the seam due to the plate 
thickness differences (unless suitably faired).  So, even though substantial parts of 
the vessel have been gradually repaired or replaced, its overall strength is still only 
as good as its weaker points.  Figure 8 shows how the structural reliability of a 
vessel can degrade over time (Reference 2) following the cumulative effect of 
repairs over time.  The variable R(t) shown in the graph is a reliability function 
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describing the ability of the ship’s primary structure to resist the forces placed upon 
with the influence of corrosion and cracks. 

 
 

Figure 8–Loss of Structural Reliability with time after Cumulative Repairs 

 
5.2.11. A large number of repairs were made to the bottom structure of the vessel.  These 

repairs appear to have been required for two principal reasons.  Firstly, the MV 
SWANLAND had grounded a number of times and the ‘set-up’ bottom plates and 
buckled stiffeners were therefore necessarily replaced.  Secondly and perhaps most 
importantly, the assumed original coating in the Double Bottom (DB) tanks used for 
water ballast had broken down and consequently the associated bottom structure 
was reducing in structural capacity through corrosion.  This is first referred to in the 
1992 survey at Piraeus (BV classed), with a requirement for annual inspection of 
the ballast tanks. Subsequently, in 2000 at the LR survey in Grangemouth the 
coatings were rated as ‘FAIR’, suggesting a reinstatement of coatings.  However 
since 2000, no new coatings are believed to have been applied and LR required 
annual inspection of the tanks at each survey due to concerns over heavy 
corrosion.  The amount of repairs required is therefore self-evident with ongoing use 
as sea-water ballast over a number of years. 

 
5.2.12. In 1992, when the vessel was 15 years old, ultrasonic thickness measurements 

(UTM) were taken at the Special Survey (No.3) whilst under Bureau Veritas (BV) 
Classification.  In general the thickness reductions reported are not significant (5% 
or less), which in our experience, may be considered normal and within expected 
ranges for a well-maintained ship of her age at the time.  Around this time, the 
vessel had experienced a grounding, requiring extensive bottom renewals (fr’s 25-
89, keel, 1st, 2nd and 3rd strakes, P/S) with new plating 10mm thick (1mm thicker 
than the original).  It would be common practice in way of these bottom and double 
bottom plates that all of the attached longitudinal members, frames, brackets, 
girders and floors were also renewed. 
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5.2.13. At the same time the entire tank top plating (fr’s 32-82 excl. shear strakes) was 
renewed with original thickness plates of 17mm. The cargo hold was de-rusted by 
High Pressure (HP) jet and fully coated.   

 
5.2.14. Given the extensive repairs, all in the presence of the BV surveyor, it would be 

reasonable to assume that the repairs were satisfactory and that after the 1992 dry-
docking the vessel was in a sound structural condition. 

 
5.2.15. In 1997, at the special survey carried out in Hull, UK under BV classification, all of 

the structural tanks and spaces were reported to be internally inspected and 
pressure tested. Reviewing the Class records and bearing in mind that 5 years 
earlier in 1992 almost all of the double bottom structure in 0.5L in way of the cargo 
hold was renewed and that no steel repairs of note were carried out, we would 
consider that vessel would still be in a sound structural condition. 

 
5.2.16. In 2000 at the survey in Grangemouth under LR classification, the vessel 

satisfactorily underwent a docking survey when sea water ballast tanks were 
examined and coatings rated as “FAIR”.  Prior to this, the references to structural 
defects, wastages or cracks are minimal, so considering the evaluation as “FAIR” of 
the coating condition by the LR surveyor, it would be reasonable to assume that the 
overhaul thickness of vessel’s steelwork would still be in a satisfactory condition. 

 
5.2.17. In the LR Enhanced Survey Programme (ESP) for Bulk and Ore Carriers 

(Reference 3) a “FAIR” coating condition is described as “Condition with local 
breakdown of coating at edges of stiffeners and weld connections and/or light 
rusting over 20 per cent or more of areas under consideration, but less than as 
defined for POOR condition”. We consider that upon being given a “FAIR” rating a 
plan should be immediately implemented for coating improvement in the water 
ballast tanks.  

 
5.2.18. In January 2002, the LR Class survey found the cross deck plating near to 

midships, between the hatches with substantial diminution. At the time, a 10 metre 
by 1.2 metre section of deck plate was cropped out and renewed.  This is an area of 
high stress and given the design of the vessel and large single hold, an area that 
had to provide the resistance to transverse and racking loads. 

 
5.2.19. At April 2002, corroded longitudinals were found with substantial thickness 

diminution. A year later the hatch covers cross joint seal retaining bars were heavily 
corroded and were cropped out and renewed accordingly. 

 
5.2.20. Also in April 2002, a condition survey was carried out in Bari, Italy on behalf of the 

owner’s Protection & Indemnity (P&I) club, The Shipowners’ Mutual Protection and 
Indemnity Association.  The condition survey is required annually by the P&I Club 
and is designed to establish the basic risk profile of the vessel from an insurance 
perspective.  It is notable that following review of the condition survey report, the 
P&I Club attached their Standard Warranty Clause to the policy for MV 
SWANLAND.  This means that, in the event that a claim is made that arises wholly 
or in part from any of the listed defects in the condition survey report, the P&I Club 
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will not pay the claim.  This demonstrates that the P&I Club would have had 
significant concerns about the condition of the vessel.  

 
5.2.21. The structural condition of MV SWANLAND at this survey was found to be ‘poor’ 

and the P&I Club made a strong recommendation for a maintenance programme to 
be implemented.  There was no evidence of a Planned Maintenance System and 
substantial diminution was noted in the structure.  The attending surveyor stated 
that ‘excessive corrosion’ existed in the main deck and hold frames, and that the 
general condition was ‘poor’. 

 
5.2.22. In September 2002, a further condition survey was carried out on behalf of the Hull 

& Machinery insurers of MV SWANLAND at Amsterdam.  The attending surveyor 
noted that the condition of the coatings was generally ‘poor’ (especially in the cargo 
hold spaces).  The cargo hold side frames were noted as ‘serviceable and repaired 
regularly’.  The main deck structure was reported to have slight corrosion and the 
tank top plating was reported as set-in between frames.  No inspections were made 
of the ballast tanks. 

 
5.2.23. In March 2003, the vessel was fitted with rail, carriage, hopper and conveyor for self 

cargo discharging. At that time, already some substantial diminution was found in 
the DB floors. A year earlier in 2002, an ISM audit raised a major non conformity as 
the maintenance and inspection recording regime onboard did not include obvious 
faults sighted during the 2002 audit such as numerous cracks found in the port and 
starboard bulwark stanchions. The Class surveyor also found various internal 
members within the aft peak tank with substantial diminution, including doubler 
plates fitted along with other defects. Deck beams at fr’s 27, 75, 77, 87, 89; upper 
and lower brackets from fr’s 25 to 89, various web frames from fr 27 to 100 all 
inside the cargo holds were extensively repaired by inserts. In many cases this was 
due to wastage. 

 
5.2.24. The next annual condition survey on behalf of the P&I Club of MV SWANLAND was 

conducted at Ipswich in April 2003, after the modification to fit the self discharging 
conveyor system and the associated repairs carried out at the same time.  The 
attending surveyor noted that the vessel was generally in a satisfactory condition 
and that the vessel’s primary structure was generally free of wastage and corrosion. 
However the survey report goes on to say that the hatch comings had ‘large areas 
of rust breaking through, but were free of corrosion’.  No inspections were made of 
the cargo hold or ballast tanks. 

 
5.2.25. It is clear that in April 2002, the attending surveyor and the P&I Club had serious 

reservations about the structural condition of MV SWANLAND and it should be 
highlighted that this survey took place after the repairs undertaken at Bijela in 
March 2002. The subsequent P&I condition survey in April 2003 was after the 
conversion and repairs undertaken at Reimerswaal in March 2003.  In this case, the 
condition was found to be generally satisfactory.  At the Hull & Machinery condition 
survey in September 2002, evidence of corrosion and mechanical damage was 
noted and the condition of the coatings was reported as ‘poor’, but no adverse 
comment was made about the vessel’s sea-worthiness at the time. 
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5.2.26. There is some contradiction in the available condition survey reports (no survey 
reports have been made available for years after 2003), which in our experience is 
not uncommon. Condition surveys for insurance purposes can often be performed 
quickly when the vessel is completing cargo operations (for example) and as such 
they naturally can only provide an overview of the condition of the ship, its 
management and operation.  They cannot and do not provide a detailed structural 
condition assessment in the way that a UTM survey does and because they are 
conducted by different surveyors, there can be an element of subjectivity to their 
outcomes.  Accordingly, it is difficult to draw firm conclusions from the available 
condition surveys, but they do provide evidence of a poor structural condition of MV 
SWANLAND at various times. 

 
5.2.27. At the Intermediate survey in March 2005 at Great Yarmouth, it was noted that all 

water ballast tanks were to be ‘examined internally and gauged as necessary at 
each annual survey’. 

 
5.2.28. In June 2006 at the time of Special Survey, various internal members inside the fore 

peak tank were found with substantial corrosion. Inside WBT DB No.4 port and 
starboard the longitudinal bulkheads were renewed between fr’s 24-33 due to 
wastage and holes found. The same occurred in the WBT DB No.1 port and No.2 
starboard between fr’s 96-104. Other ballast tanks, cargo hold and deck structure 
was reported to have experienced repairs and/or to be wasted thus to be specially 
examined/gauged and dealt with as necessary.  The wasted and hold plates were 
as reported widely spread along the structure including the cargo hold hatch covers. 

 
5.2.29. In October 2006 substantial corrosion was noted in the port and starboard side shell 

in way of wind and water strakes connected with the cargo hold. The LR surveyor 
required these areas (as described in Section 4.3.12) to be examined and gauged 
annually, although the subject areas were considered to remain within allowable 
limits.  The ballast tanks were internally examined and reported with “FAIR” 
structure and “POOR” coating. Substantial corrosion was noted in the following 
areas as stated in the 2006 UTM Report: 

 
- Starboard side shell plate 1st strake A5-A7 fr 52–72 and B4-1, B5 fr 28 – 33, 39-

50, plus various small dents in bow section, above waterline; 
- Portside side shell 1st strake, A4, A5-2 fr 35 – 65 and A9-2 fr 97-104, plus keel 

strake fr 97-106, various small dented areas forward. 
- Numerous side shell frames inside the cargo hold were found damaged and 

noted wasted. On the Port side, damage /wastage was noted at frames 26, 30, 
31, 40, 42, 54, 56, 70, 82, 83, 92, 100 and 104 and marked as requiring repair.  
In particular this included damage / wastage to the ‘base’ areas of the frame at 
the connection to the tank top inside the cargo hold, lower half of the frames and 
in some cases (fr’s 30, 54, 56, 70, 104) this included up to ~80% of the frame 
requiring repair.  On the starboard side, damage/wastage was noted at frames 
28, 31, 32, 34, 40, 42, 52, 54, 56, 58, 60, 72, 74, 76, 80, 83, 88, 90, 92, 96, 97, 
104 and marked as requiring repair.  Again, these frames had experienced 
damage to the ‘base’ areas in way of the tank top, lower and top sections of the 
frame and up to ~80% of the frame (fr’s 54, 56, 58, 60, 72, 80, 96).  It is notable 
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that the majority of the damage/wastage noted was to the deeper (and hence 
more exposed) even numbered frames. 

- Double bottom transverse frames at fr’s 36, 40 48, 52, 56, 64, 72, 76. Smaller 
and more localised areas of damage/wastage were also noted on other frames. 

- Double bottom longitudinal girders number 1 at fr 83-106, port and starboard, 
number 2 port at fr 24-40 and 83-96, starboard at fr 24-32, 37-40 and 83-102. 

- Tank top plating at fr’s 86-94 port and starboard. 
- Main deck bulwark stays portside found thin in connection to the upper deck 

plating. 
- Transverse cargo hatch coamings at fr 31, 64 and 99 (requiring complete 

replacement) and localised damage at fr 66. 
- All hatch covers and linings in hold number 1 and 2.  This is mostly to the hatch 

cover lining and the areas in way of the transverse ‘fold’ between panels. 
 
5.2.30. During the Annual Survey in March 2007, wasted sections of frames and associated 

stringers inside the aft peak tank were found in way of the longitudinal bulkhead, 
which was subject to repairs by cropping and inserts. On the same survey, ballast 
line leaks were noted in DB No.4 tank which is indicative of corrosion in the ballast 
line system. Damage was also observed to a number of the side shell frames in the 
cargo hold, which were subsequently repaired. 

 
5.2.31. At the Annual Survey in June 2008 at Great Yarmouth, the repairs were confirmed 

for the renewal of six side frames (47, 48, 70, 86, 91, 94) on the port side inside the 
cargo hold and also thirteen web frames on starboard side (33, 44, 50, 52, 58, 68, 
72, 76, 80, 84, 86, 88, 92). At the same time, main deck bulwark stays (port) were 
found cracked in connection with upper deck. These damages are reported to have 
been caused due to wastage. 

 
5.2.32. In June 2008 at Ipswich, the vessel tanks were again inspected and confirmed the 

earlier recommendation of 2005, that the tanks were to be internally examined and 
gauged (UTM) as found necessary by the attending surveyor at each annual 
survey. The coating was stated to ’remain in poor condition’. 

 
5.2.33. It was reported that the vessel grounded on sand on 8th April 2009 whilst departing 

Boston, UK. Upon soundings, it was confirmed that no tanks had been ruptured, but 
the internal examination by the LR Surveyor revealed several cracks associated 
with general wastage in the bottom longitudinal members, as follows: 
- DB No.2 Stbd 1st and 2nd longitudinal at frame #64; 
- DB No.2 Port 1st and 2nd longitudinal at frame #79; 
- DB No.3 Stbd 1st and 2nd and 3rd longitudinal at frame #55 (near midships); 
- DB No.4 Stbd 1st longitudinal at frame #37; 

 
5.2.34. Although the structure was considered by Class to remain efficient, as a 

consequence, a condition of class was imposed with a very restricted window for 
repairs. The Owners reportedly then decided to bring forward the next scheduled 
dry docking, at Kaliningrad.  This then coincided with the change of Classification 
Society and Flag state to INSB and Cooks Islands respectively. 
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5.2.35. The cracks in longitudinal members connected to the bottom shell in regions close 
to the midships are of high significance. As soon as a crack reaches the shell 
plating it propagates rapidly due to the high bending moments imposed in that 
region, eventually creating a serious structural failure. The fact that the cracks were 
reported to be due to wear and tear and not misalignments or localised stresses 
increases the concern as any other cracks not evident at the time of this survey 
may soon have appeared subsequently and quickly become serious.  Figure 8 
shows examples (not of MV SWANLAND) of cracks in longitudinal stiffeners in way 
of the bottom shell plating. 

 

 
Figure 8 - Examples of Cracks in Bottom Longitudinal Members (Not MV SWANLAND) 

 
 

5.3. Corrosion / Diminution 
 
5.3.1. It is not the purpose of this report to provide a full explanation of corrosion and its 

effects on ship structural strength.  It is sufficient to say that corrosion in structures 
operating in the marine environment is inevitable to a greater or lesser extent and 
that it is to be prevented as far as practically possible.  Various methods are 
available to the ship-owner to protect a ship and its structure from the effects of the 
varying forms of corrosion, but by far the most common is painting or coating of a 
structure to provide a protective layer over the bare structure. It should then be self-
evident that prevention of corrosion can only occur as long as that protective layer 
is intact and maintained 

 
5.3.2. In theory, if correctly coated and the coating is well maintained, there should be no 

corrosion and hence no loss of material.  Loss of material is the important factor in 
trying to retain structural strength as with any structural member, it is the amount of 
material present and its position on that member that is the critical factor in the 
strength of the member. 

 
5.3.3. The rate of corrosion that a ship suffers depends on many variables including 

location of the structural member, the localised atmosphere, moisture, cargo carried 
(chemical composition and propensity to reactions), air temperature, material type 
and protection system (e.g. anodes, coatings).  The prediction of actual corrosion 
rates in a particular case is therefore very difficult and near impossible with any 
certainty. In the case of the MV SWANLAND, we have very little evidence other 
than general factors relevant to corrosion issues and hence it is simply not possible 
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to be definitive with regard to the types and rate of corrosion that may have 
occurred in order to develop a complete picture of the condition of the ship at the 
time of its loss. 

 
5.3.4. Classification Societies have developed models for predicting corrosion rates for the 

application of setting diminution limits on hull structures.  However, such models 
generally only apply to so-called ‘general corrosion’ and not pitting, grooving or 
edge corrosion types (Reference 4). 

5.3.5. A literature search on corrosion rates for particular scenarios was carried out and 
resulted in some figures that can be used to provide guidance on potential corrosion 
rates for MV SWANLAND but cannot be taken with any certainty due to the number 
of variables and lack of evidence involved. 
 

5.3.6. It is known that MV SWANLAND carried a number of cargoes that are potentially 
corrosive such as salt, or abrasive such as various aggregates (see Section 3.5).  
The periods in which salt was carried are of particular interest because of the nature 
of the voyages and external circumstances at the time.  It is known that salt was 
carried for 105 voyage days between 2009 and 2011(calendar years) with a peak of 
53 days in 2010.  These voyages were of short duration (approx. 1 day) between 
Northern Ireland and Liverpool (or similar).  Based on the demand from local 
councils for salt and the repeated short journeys in a period of bad weather and 
snowy conditions, it is likely that significant moisture was present in the cargo hold 
over a prolonged period.  This would increase the likelihood of corrosion to the hold 
structure, which would be further exacerbated with mechanical damage or lack of 
coating to the structure. 
 

5.3.7. Figure 9 below shows two photographs showing the conditions at the time with rain 
and snow and residual cargo on the vessel’s deck structure.  It is likely that similar 
residual cargo and moisture existed in the hold enabling a period of potentially 
accelerated corrosion of the vessel’s structure. 

 

 
Figure 9 – Operating Conditions during Period of Carrying Salt. 

 
5.3.8. Hence, examining the potential corrosion rates with ‘Class’ general corrosion rates 

and specific data for road salt, we find the following: 
- DNV data (Ref. 4) suggests typical material loss rates between 0.09 and 0.15 

mm/year for different parts of the structure;  
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- Gardiner and Melchers (Ref. 5) suggest figures of 0.23 – 0.4 mm/year (but this 
is specific to different cargo types, not salt); 

- Houska (Ref. 6) suggests that in high corrosive environments (e.g. with high 
moisture levels) salt corrosion may result in wastage up to 2.19 mm/year. 
  

5.3.9. Hence, applying this data to the diminution data in the 2009 UTM report, an 
estimate of potential diminution at the time of the sinking can be made.  If we take a 
plate of 7mm original thickness (say) and a diminution reading in 2009 of 1.05mm 
(15%), then add the general corrosion rate over the period 2009 – 2011 (from 
standard Classification Society data (Ref. 4) plus the salt specific corrosion from 
Houska (Ref. 6) for the relevant duration of salt carrying voyages (105 days), the 
percentage material loss in that time increases to 30%.  Since the classification 
society limits for diminution are 25% or 30%9 for a vessel such as MV SWANLAND, 
the plate would potentially have needed to be replaced before 2011 under the 
Classification Society rules (INSB), based on the assumed corrosion rates applied 
between June 2009 and November 2011.  This does not include any allowance for 
grooving or pitting corrosion which could create localised areas of substantial 
material loss and relates to plate in way of the cargo hold. 

5.3.10. Further examination of the original scantlings, diminutions recorded at the 2009 
UTM and the potential change in thickness by 2011 due to corrosion shows that all 
recorded diminutions over 15% have the potential to have become substantial10 (i.e. 
greater than 75% of the diminution limit) .  This would activate the requirement for 
further UTM (Part I, Ch. 3, 11.1.5 of the 2008 INSB Rules) and remedial actions to 
repair and/ or renew. We are not aware of any evidence that this requirement was 
activated. 

 
5.3.11. Corrosion rates for the cargo hold structure may be further increased by the 

constant abrasion due to cargo operations.  Since the corrosion process requires 
the chemical reaction to take place at the metal surface, the corrosion rate tends to 
slow as layers of scale or rust build up.  Consequently if that layer of scale is 
removed, the bare metal is exposed again and the chemical reaction is able to take 
place in full contact with the metal surface so increasing the rate of corrosion. 

 

                                                 
9 INSB Rules and Regulations for the Classification and Construction of Steel Ships, Part I, Chapter 3, Section 11, Table C 
10 ‘Substantial’ corrosion is defined by INSB (INSB 2008 Rules, Part I, Ch.5, 1.2.1) as ‘an extent of corrosion with wastage in 
excess of 75% of the allowable margin, but within acceptable limits’. Note that this is defined in the section concerning bulk 
carriers, but the term ‘substantial’ is used throughout in the same context. IACS UR Z7.1 also defines substantial corrosion in 
the same manner, specifically in relation to general dry cargo ships. 
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5.3.12. The 2009 UTM report shows substantial renewals were made in the following areas 
(Figure A.3 (a) – (d) presents this schematically): 
- In way of the bottom plating, (fr72-80, 24-56, stbd side);  
- Main deck plate forward, main deck aft of aft hatch; 
- Hold centre-line partial bulkhead aft; 
- Transverse hatch coaming stays at fr66; 
- Hold transverse frames at fr 33, 35, 38, 48, 74, 76, 83 - 93, 95, 96, 98, 99-104 

stbd side and 58, 68, 74, 78, 96, 98 port side; 
- Areas of DBT transverse plate at fr 28, 32, 72, 76 stbd, 32, 36, 90, 92, port, 

bottom girder, fr 24-28. 
 
5.3.13. Additionally, the following structural members have been identified as areas of over 

15% diminution according to the 2009 UTM report (Figure A.3 (a) – (d) presents this 
schematically): 

 
- Bottom plating, stbd, fwd A8, A8a, B8a, C9a, stbd aft bottom plate B3, B4a C4a, 

port aft bottom plating A3, B3, B4a, B4, C3, D4; 
- Starboard side shell D6, E6, F6, D7a, D7, port side shell D6, F6, D7, D7a, E7, 

port bottom / side shell plate fwd at A8, B8, B8a, C8, C9, D8, D9; 
- Hatch coamings (longitudinal) port; fr’s 46-60, top rail iwo fr 62, 75.  
- Cargo hold frames stbd side at fr 33, 48, 74, port at fr 58, 68 
- Main deck fwd, C12 stbd, C11, A5 port. Main deck iwo midships, cross deck 

plate A2, port side deck plate C1, C3, C4, C5, stbd deck plate A1a, C1, C4, C5.  
- Inner bottom, stbd aft C2, C3;  
- Transverse WT bulkhead at fr 9, vert. stiffener #7 P/S, Transverse WT bulkhead 

at Fr 106, vertical stiffener 5, 6, 7 P/S; 
- Tank top plate at fr 44, 68, 80 stbd and fr44, 80 port; 
- DB longitudinal girder port fr19.  
- Centreline plate in FPT plate C1, C2, B1, B2, A1, E1. Stringer I in FPT plate A1 

stbd, A1, A1a, A2, A3, A3a, A3b port, FPT frames at fr 106, 108, 109, 110, 111 
bottom plate, webs and faces positions 1, 2, 3. 

- Centreline plate in APT A1, APT fr at fr 5-8 positions 3, 4, 5.  
- WT transverse bulkheads in DB; at fr 40, plate B port, fr 60, plate B1, B2 stbd, fr 

82, plates B1 P/S. 
 

5.3.14. The 2009 UTM report states that the tank top plating original thickness is 14mm.  
This is incorrect and should be 17mm.  We believe that the UTM surveyor has 
taken the 14mm value from the structural drawings of Hull no. 352 for the MV 
SWANLAND’s sister vessel, MV CAREBEKA VIII, built in 1976, which shows a tank 
top plating thickness of 14mm.  MV SWANLAND was hull no. 360 as proven by 
various certificates for the vessel such as the Lloyd’s Register Load Line Certificate 
of 1997 and the approved Trim & Stability Book of 1988. 

 
5.3.15. This had the effect of significantly under-estimating the diminution of the tank top 

plating in 2009.  Had the correct value been used, then virtually all of the tank top 
plating would have been identified as having greater than 15% diminution. Twenty 
two plates would have been identified as having greater than 22.5% diminution (i.e. 
greater than 75% of the relevant Class limit) and would therefore have required 



MV SWANLAND – Structural History Investigation  GSS No.: 312835 
   

Page 35 of 72 
 

additional inspection and UTM (as per INSB 2008 Rules, Part I, Ch. 3, 11.1.5). 
These plates are highlighted in Figure A.3(d) in Appendix A with a thick border11. 

 
5.3.16. One plate (C2 starboard at fr32-40) would have had a measured diminution of 

33.5% and therefore should have been replaced, having a diminution greater than 
the 30% allowed by the INSB 2008 Rules (Part I, Ch.3, Section 11, Table C). 

 
5.3.17. Table D of the INSB 2008 Rules (Part I, Ch.3, Section 11) concerns the overall 

(average) diminution of the measured transverse section.  The average measured 
diminutions for the Bottom Area are within the INSB limits with or without the tank-
top plating included.  

 
5.3.18. The corrected measured diminutions for the tank-top are in our opinion, not 

unexpected given the lack of coating, the mechanical impact and abrasion that 
would occur and the cargo types carried, all enabling an increased rate of corrosion 
compared to a well coated and maintained structure. 

 
5.3.19. Figure A.3(a) – (d) in Appendix B shows the areas listed above in Section 5.3.13 on 

the Shell Expansion drawing, taken from the 2009 UTM report.  In relation to the 
longitudinal strength of the vessel, it can clearly be seen areas of significant loss of 
material existed at: 

 
- Side Shell plating, standard side in way of fr 53 – 83, but especially between fr 

53 – 67; 
- Side shell plating, port side in way of fr 53 – 84; 
- Main deck plating port and starboard between fr 23 – 62; 
- Various transverse frames in cargo hold, port and starboard; 
- Bottom plating, starboard side in way of fr85-95; 
- Bottom plating, port side between Fr 25 – 40 and fr84 - 100; 
- Main deck plating, forward, port side at fr 101-105; 
- Main deck plating, cross deck at fr 65; 
- Tank top plating; 
- DB longitudinal girder at fr 80; 
- Watertight transverse bulkheads at Fr 40, 60 and 82 port and starboard; 
- Hatch coamings (longitudinal), port side; 

5.3.20. The loss of material (greater than 15% of original thickness) in 2009 was within 
INSB limits for diminution. However, given the potential corrosion rates (as per 
Section 5.38 and 5.39) the diminution would likely have been substantially 
increased by 2011 and potentially have been seriously detrimental to the 
longitudinal strength of MV SWANLAND. This would have resulted in a significantly 
reduced Midships Section Modulus and since this is the primary measure of 
longitudinal strength a significantly reduced resistance to bending moments induced 
by waves. 

 

                                                 
11 Figure A.3 (d) presents the tank top based on the higher maximum diminution of 30% as a conservative approach, due to 
the interpretation of the INSB rules required.  The result is still that significant parts of the tank top plating would likely have 
required additional UTM in 2009 and likely renewal by November 2011. 
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5.3.21. Figure 10 below presents a schematic comparison of the Midships Section Modulus 
(Frame 58) at the time of build, in 2009 (post dry-dock) and at the time of the 
incident.  The Section Modulus has been calculated based on the scantlings from 
the ‘as-built’ approved drawings and is assumed to be 100% at the time of build. 
From this, diminution of relevant plates and stiffeners is applied to determine an 
approximate section modulus value after the 2009 dry-docking12 and an estimation 
of the value at the time of the accident (November 2011).  The November 2011 
section modulus value is determined using the 2009 UTM data and extrapolating 
this forward using Classification Society corrosion allowances for general corrosion 
(Ref. 4) and cargo specific data where it can be applied with reasonable certainty 
(Ref. 6).  With regard to cargo specific corrosion, this was only applied for the 
periods carrying salt cargoes, where we can make reasonable assumptions on the 
conditions in which it was carried.  No allowance was made for grooving or pitting 
corrosion from any other sources. 
 
  

 
 

Figure 10 – Calculated Midship Section Modulus at Build, 2009 (post-repair) and at Time of 
Loss (frame 58) 

 
 
5.3.22. It can be seen from the results presented in Figure 10 that we estimate that the 

Midship Section Modulus of MV SWANLAND was reduced by nearly 20% from the 
original value.  Figure A.4 in Appendix A sets out the diminution values applied to 
each area of structure.  It is notable that the diminution values for the Double 
Bottom stiffeners have large differences in the diminutions between the 2009 post-
repair condition and the estimated condition at November 2011. This is based upon 
an estimation of the corrosion rate due to the use of sea water ballast and an un-

                                                 
12 This was based on the 2009 UTM report, but since the midships section (frame 58) was not subject to any renewals, the 
measured thicknesses can reasonably be assumed to apply to the post repair condition. 
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coated structure (assuming the original coating had broken down as previously 
described). 

 
5.3.23. Having a length of less than 90 metres, MV SWANLAND was categorised as a 

‘Category 3’ vessel by INSB. Category 1 and 2 vessels are subject to a requirement 
that the in-service Section Modulus should not be less than 90% of the ‘as new’ 
Rules value (Part I, Ch. 3, Section 11, Table D of the INSB 2008 Rules).  There is 
no requirement for Category 3 vessels to maintain a minimum Section Modulus 
relative to the ‘as new’ condition.  

 
5.4. Classification and Regulatory Issues – In Service 
 
5.4.1. A review of the Lloyd’s Register classification history shows that the shipboard 

safety management system was identified as having failures, which is further 
backed up by the high number of Port State Control deficiencies against the 
vessel’s general condition. A number of these deficiencies relate to the structural 
condition and maintenance of areas such as personnel access (gangways) to the 
vessel and similar.  It can be inferred from this, that the overall implementation and 
management of these tasks in the context of safety management was not sufficient. 

 
5.4.2. Port State Control inspections in Orpington (Aug 2010) and Shoreham (May 2011) 

listed deficiencies including damaged gangway, railings, corroded / cracking decks, 
and incorrect following of procedures.  It is understood that the deficiency relating to 
‘corroded / cracking decks’ relates to the rails for the excavator carriage. 

 
5.4.3. As described in Section 4.2, it is clear that by 2002, substantial areas of localised 

corrosion were evident and by June 2008 the vessel’s structure was already subject 
to substantial corrosion in most of her primary and secondary structural members.  
The most relevant deficiencies listed with regard to the vessel’s structural integrity 
were the poor condition of the hull, main deck and closing appliances. Further, it 
was noted that in October 2006 by LR, that ‘doubler plate’ had been fitted on the 
side shell without record of repair and no evidence that Class was informed. In the 
same remarks, various side shell frames that were in poor condition and damaged 
were not recorded in the vessel’s ISM documentation or any ship staff inspection 
records.  Also worthy of note is that the crew was not able to satisfactorily conduct 
the demonstrations of basic/emergency shipboard operations. 
  

5.4.4. The records from Lloyd’s Register have numerous references to corrosion, holes 
and wastages in the vessels structure.  In 2009, after transfer of Class to INSB, 
there appears to be a ‘stop’ to this type of information and even some clear 
contradictions. 

 
5.4.5. The INSB survey reports for 2009 and 2010 simply refer to the condition of the 

water ballast tanks as “GOOD”.  From our experience, “GOOD” in terms of 
structural condition is used for new and / or very well maintained structures.  With 
regard to the vessel’s structure we do not believe that this can be the case, as 
described above.  Further, the coating in the ballast tanks was repeatedly described 
as “POOR” by the owners of the MV SWANLAND in their 2009 dry-dock report and 
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as uncoated and due for annual inspection by INSB, yet by 2010, the INSB survey 
report refers to it as “FAIR”.   

 
5.4.6. There is no record of any new coatings applied to the ballast tanks in the period 

between these two inspections and hence this is, in our view, a clear contradiction 
of the condition by two Class societies (one IACS, one non-IACS) and the owner’s 
own assessment in 2009. Accordingly, without evidence of any new coatings, the 
reasons for the reported condition following the 2009 surveys are unclear.   

 
5.4.7. MV SWANLAND was classified as a “General Cargo” type ship since her build.  The 

cargoes she carried were in the main, dry bulk as far as the available information 
allows us to determine.  Due to the serious and known issues with bulk carriers, 
corrosion and the more onerous requirements for structural inspection and 
maintenance, officially classified dry bulk carriers are subject to an Enhanced 
Survey Programme (ESP) that is designed to address this issue by providing a 
more comprehensive survey and inspection programme to assist in maintaining the 
vessel to a safe standard (ref. 3).  Given the cargoes being carried, the age and 
known condition of the ship, we consider that subjecting MV SWANLAND to a 
similar level of inspection and survey would have assisted in maintaining the safe 
structural condition of the vessel. 

 
5.4.8. It is not within the scope of this report to provide a full description of the ESP 

requirements and how they compare with the survey regime for general cargo 
ships.  References 3, 11 and 12 document this in detail.  However, the general 
principle is to provide a survey regime with increased focus and attention to key 
areas of bulk carrier structures that are well known to suffer damage and wastage.  
The survey regime is based on two key criteria; the condition of the coating and the 
extent of structural corrosion and provides for the full documentation of the 
inspected areas (themselves increased from the normal survey regime) and the 
associated acceptance criteria.  Further, the ESP regime provides a significantly 
enhanced focus on structures that are found to be substantially wasted or corroded 
(i.e. wastage of between 75% and 100% of the allowable diminution).  

 
5.4.9. The 2008 INSB Rules did not require MV SWANLAND to be subjected to Close-up 

surveys, being classified as a General Cargo ship.  A Close-up survey is defined as 
a close visual inspection by the surveyor, usually within a distance of an arm’s 
length and is applied when substantial corrosion and / or structural defects are 
found.  Typically, this would involve the surveyor making use of ladders and / or 
staging to access areas out of reach. 

 
5.4.10. According to IACS (UR Z, Section 7), as a minimum, General Cargo ships should 

be subjected to Close-up surveys for the lower hold frames, side brackets and lower 
parts of cargo hold bulkheads.  For Bulk Carriers (which, in our opinion, MV 
SWANLAND was operating as), the requirements are more onerous and extend to 
include all hold frames, all transverse bulkheads, all deck plating inside the line of 
openings, all inner bottom plating. 
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5.4.11. In our experience, it is quite possible to observe ship’s structures with no visible 
scale or obvious signs of corrosion, but with local wastage beyond the acceptable 
limits. Therefore, we consider that based on the cargoes carried, previously 
reported structural condition, ship’s age and type of vessel (all of which is 
documented), it would have been prudent to subject MV SWANLAND to Close-up 
surveys of the cargo hold structure.  Since the upper hold frames, brackets and 
under-side of the deck plating and associated stiffeners were approximately 5 
metres above the tank-top plating, it would not be possible to visually inspect these 
areas without a Close-up survey.  

 
5.5. Classification and Regulatory Issues – Design and Construction 
 
5.5.1. The LR 1976 Small Ship Rules require that a loading manual be developed and 

approved13.  It would therefore be required that a copy of the approved loading 
manual should be retained on the vessel and a copy kept in the owners’ office. 

 
5.5.2. Further, the IACS Unified Requirement S1 concerning the provision of loading 

manuals and guidance (rev. 1, 1971) would have required that MV SWANLAND be 
provided with an appropriate loading manual.  We consider that due to her single 
hold and multiple double bottom ballast tanks, she would have had the possibility to 
experience uneven cargo or ballast distributions and thus a loading manual would 
be required.  At the time of the vessel’s build, there is a record of a request being 
made by Lloyd’s Register Headquarters for a copy of the loading manual to be 
forwarded by the local surveyors in the Netherlands. However, no records are 
available to confirm whether this loading manual was provided or approved. Later 
revisions of UR S1 further confirm the requirement for vessels of the size and type 
of MV SWANLAND to be provided with an approved loading manual. 

 
5.5.3. Under the INSB 2008 Rules for the Transfer of Class (Part I, Ch 2, section 3.3 – 

3.7), the minimum technical documentation to be provided included loading 
calculations (Section 3.4.1 (j)) and a loading manual, if applicable (section 3.7.1 
(b)).  No statement regarding when provision of the loading manual is applicable is 
made with the INSB 2008 Rules.  

 
5.5.4. The INSB 2001 Rules (Part I, Ch. 2, section 2.2.3.3.1.3) similarly require that 

loading calculations are to be provided and a loading manual where the length of 
the vessel is greater than 120 metres for General Cargo vessels.  Accordingly, we 
consider that the INSB Rules did not require a full loading manual, but as a 
minimum, details of the load cases and calculations, Bending Moment calculations 
and related instructions and documentation should have been provided.  No record 
of such documentation is available. 

 
5.5.5. Under the INSB Rules (Part I, Ch 3, section 1.2.5), the loading guidance and 

stability data should be inspected at the annual in-service survey.  This was 
confirmed as sighted in 2010 but there is no record of it in either 2009 or 2011. 

 

                                                 
13 Lloyds Register of Shipping Rules for the Construction of Steel Ships under 90m in Length, 1976. Para. 110 and Chapter D 

para. #306 pg 10. 
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5.5.6. No record of loading calculations, loading guidance or similar approved 
documentation has been provided either by the owners, managers or has been 
made available by the vessel’s Class Society. 

 
5.5.7. The issues of loading dry bulk cargoes such as requirements for cargo distribution 

in respect of structural strength and trimming of the cargo and the potential 
catastrophic consequences are well established (Ref. 8 & 9).  It would therefore be 
imperative that the crew and loading supervisors / stevedores were aware of the 
vessel’s approved loading plans in order to load the vessel properly, safely and in 
compliance with her abilities / limitations.  For a vessel involved in a trade such as 
that which the MV SWANLAND was, in our experience, it can happen that 
experience is applied by the crew instead of the available approved guidance (or 
manual) and hence complacency is possible, especially given the amount of 
different cargoes that were carried in the last period before the accident. 

 
5.5.8. The LR Small Ship Rules 1976 did not explicitly require the determination of Wave 

Bending Moments in the requirement for minimum section modulus and it appears 
that this is contained within the empirical formulae for the minimum section 
modulus.  In our experience, this approach is common in Classification Society 
Rules as they are designed for ease of use by vessel designers.  Since the LR 
Small Ship Rules 1976 provide a simpler methodology for hull structure design 
compared to the 1976 LR Rules, this approach is to be expected.  However, in 
1976, the rules concerning longitudinal strength might be considered as being in 
their relative infancy with regard to a full understanding of the physical processes in 
hull bending and wave climates to be experienced (compared to the current day).  
Hence it is possible that the rules to which the vessel was designed were unable to 
reflect the operational conditions to which MV SWANLAND was more recently 
subjected. 

 
5.5.9. No calculations concerning the original structural design of MV SWANLAND, such 

as design bending moments and shear force calculations, tank top loading 
assessments and deck plate thickness are available. 

 
 
5.6. Other Similar Cases 
 
5.6.1. The issues described above that have occurred in the case of the MV SWANLAND 

are not new issues in our opinion when considered in the general sense. Since the 
1960’s the marine industry has been aware of the problems associated with the 
carriage of bulk cargoes and considered the increase in failures of bulk carrier hulls 
over the following years, leading to the IMO led Formal Safety Assessment for Bulk 
Carriers (Ref. 10) and ultimately to revised regulations relating to the design, 
construction and operation of Bulk Carriers and the Common Structural Rules for 
Bulk Carriers14.  

 
 
 

                                                 
14 IACS: Common Structural Rules for Bulk Carriers, July 2012.  First edition released in January 2006. 
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5.6.2. To demonstrate the on-going nature of the problem, Table 3 below presents a list of 

similar cases for which the following factors were identified as key causal factors: 
 Corrosion of key hull structure, resulting in the reduction of local and global hull 

strength; 
 A record of poor maintenance by the Owners; 
 A lack of adequate control by the vessel’s Classification Society in ensuring 

compliance with the Rules or “Class-hopping”15. 
 
5.6.3. Similar problems have been put forward in the well known cases for the Tankers 

ERIKA, PRESTIGE and CASTOR. 
 
5.6.4. The data presented in Table 3 is amalgamated from a selection of sources including 

 Global Integrated Shipping Information System (GISIS);http://gisis.imo.org; 
 Center for Tankship Excellence Casualty Database (includes bulk carrier data); 

www.c4tx.org; 
 EQUASIS; www.equasis.org 
 Paris MOU Database; http://www.parismou.org/ and Tokyo MOU Database; 

www.tokyo-mou.org.  
 Braemar’s own database of casualties for which we have been involved on 

behalf of various interests; 
 IMO Formal Safety Assessment on Bulk Carriers (Ref. 10) 

5.6.5. The data in Table 3 is for Bulk Carriers and Combined Bulk / Cargo vessels.  The 
MV SWANLAND was classified as a General Cargo vessel but was primarily 
carrying dry bulk cargoes and hence it is most appropriate in our opinion to 
compare her loss with those of vessels with similar cargoes. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 
15 This is where a vessel may be transferred to a different Classification Society in or to gain the benefit of more relaxed Rules. 

http://gisis.imo.org/�
http://www.c4tx.org/�
http://www.equasis.org/�
http://www.parismou.org/�
http://www.tokyo-mou.org/�
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Vessel Date of 
Casualty 

Casualty 
Type 

Key Causal Factors Cited 

Corrosion Owner 
care 

Class 
Control 

Marine Electric 1983 Hull Failure / 
Sinking Y Y Y 

Alexandre P 1990 Hull Failure / 
Sinking Y Y Y 

Azalea 1990 Hull Failure / 
Sinking Y   

Pythia 1990 Hull Failure Y   

Pankar 
Indomitable 1991 Hull Failure Y   

Atlas Pride 1991 Hull Failure Y Y Y 

Trave Ore 1992 Hull Failure Y Y Y 

Protoklitos 4 1993 Hull Failure / 
Sinking Y   

San Marco 1993 Hull Failure Y Y Y 

Alpha Star 1993 Hull Failure Y Y Y 

Kamari 1994 Hull Failure/ 
Sinking Y Y Y 

Iron Antonis 1994 Hull Failure / 
Sinking Y Y Y 

Trade Daring 1994 Hull Failure Y   

Bluenorth 1996 Hull Failure Y   

Giga 2 1996 Hull Failure Y Y Y 

Leros Strength 1997 Hull Failure / 
Sinking Y Y Y 

Flare 1998 Hull Failure / 
Sinking Y Y Y 

Cape 
Providence 1999 Hull Failure Y   

Iolcos Mariner 1999 Hull Failure Y   

Lassia 1999 Hull Failure Y   

Leader I 2000 Hull Failure / 
Sinking Y Y Y 

Eurobulker X 2000 Hull Failure / 
Sinking Y Y Y 

Setsuyo Star 2006 Hull Failure Y Y Y 

Golden Glory 2007 Hull Failure Y Y Y 

Pine Trader 2009 Hull failure Y Y Y 

Ioannis NK 2009 Hull failure / 
Sinking Y   

Table 3 – Vessels (Bulk Carriers + Combination Cargo) suffering Serious Casualties 
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6. THE STRUCTURAL FAILURE AND SUBSEQUENT LOSS OF MV SWANLAND 
 
6.1. The repairs made to the structure of MV SWANLAND would have increased her 

structural capacity compared to that before the repairs.  However, over time the 
vessel had become a ‘patchwork’ of renewed plates and stiffeners with older or 
original plates in between.  Consequently there would have been some variation in 
thickness and hence discontinuities.  This could have created problems such as 
water traps at the joins, increasing the likelihood of grooving and/or corrosion. 

 
6.2. It also creates strong points next to weak points, so as load is applied to the 

structure, the stresses may be transferred to the weak points and so may lead to  
failure. 

 
6.3. In general the repairs made are reasonable for the damage reported, but it would 

have been preferable to have taken a more holistic approach to the structural 
capacity, so rather than simply replace those plates or stiffeners that have 
exceeded class diminution limits or are clearly damaged, a preferable approach 
would be to review surrounding areas at the same time to ensure that after renewal 
it is not creating a strong point immediately next to a weak one.  That is, a repair 
strategy should be developed to provide optimum repair and maintenance to retain 
the vessel’s reacquired structural strength. 

 
6.4. However, the main issue is what was not done.  It is clear that Lloyd’s Register had 

serious concerns about the lack of coating in the ballast tanks.  It may be 
considered that maintenance of the ballast tanks is one of the most important areas 
of keeping the ship structurally sound.  To not coat the tanks internally will allow 
corrosion to prosper and inevitably the structure will eventually fail.  It is not possible 
to say with certainty what the condition of the ballast tank structure was at the time 
of the loss, but it would be reasonable to expect it to be poor.  Figure 1116 below 
presents photographs included in the owner’s own dry-docking report from 2009, 
which (allowing for the poor reproduction of the photographs) shows that the 
structure within the double bottom tanks is in a poor condition pre repair. This can 
be assumed to be indicative of the condition after a period without repairs (the last 
significant repairs to the double bottom structure were in 2006). 

 
6.5. Similarly, there were large areas of plating on the side shell and main deck that had 

significant wastage, within INSB limits, but sufficiently large areas that would 
warrant a plan for replacement and further preventative measures in our opinion.  It 
is our opinion that these were the critical areas with regard to the cause of the 
structural failure and subsequent loss of the vessel. By 2011, it is likely that general 
corrosion and potentially accelerated corrosion due to specific cargoes and a lack of 
hold maintenance would have further reduced the side shell and deck plate 
thickness. 

 
 
 

                                                 
16 It is believed that these photographs are of the condition pre-repair, although it should be noted that no 
location references are provided in the Owner’s dry-dock report. 
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Figure 11 – Various Photos of Double Bottom Tanks Showing Heavy Corrosion and 

Wastage (2009, exact locations unknown) 
 
6.6. As per section 5.1, based on the size of the vessel, it is likely that the side shell and 

main deck plating alone made significant contributions to the midship section 
modulus and hence the longitudinal strength of the vessel.  It would therefore be 
critical to maintain the integrity of these regions.  This would be especially true for 
the main deck plating in the way of the cargo hold hatches due to the low width and 
hence sensitivity to loss of plate thickness as regards contribution to the section 
modulus and buckling resistance.  As shown in Figure A.3(a) – (d) in Appendix A, 
there were clearly areas of side shell and deck plating that had experienced 
substantial reductions in thickness and consequentially the midship section 
modulus was reduced. 
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6.7. As per Section 5.5, it is our interpretation that at the minimum, approved loading 
calculations were required and this would be even more essential given the age and 
condition of the ship and need to ensure loading with Shear Forces and Bending 
Moments within permissible limits.  Any poorly distributed load would amplify the 
problem by increasing the shear forces and bending moments that the already 
corroded deck structure and WBT tanks had to withstand. No copies of approved 
loading calculations, appropriate loading guidance and associated documents 
required for entry to INSB classification are available. 

 
6.8. The vessel initially took a large wave at the bow.  Given the limited fetch of the Irish 

Sea and wind against tide conditions (Ref. 7) resulting in steep waves, it is likely 
that the wavelength was similar to the vessel length.  Consequently, the vessel 
would, being fully loaded, be in a sagging condition. As this large wave moved 
down the ship to midships, then the vessel would thus enter a hogging condition.  
With the impact of the second large wave at the bow, the vessel would return to a 
sagging condition and it is likely that it was at this point that the structural failure 
occurred. There is evidence that the bow rose up relative to the main deck and the 
starboard bulwarks folded outwards, hence it can be concluded that she buckled 
globally in the sagging condition.  It is our opinion that the main deck plate would 
likely have buckled in compression initially, due to decreased buckling resistance 
under compressive loads as a result of reduced plate thickness. 

 
6.9. As the second large wave then passed down the ship towards midships, the vessel 

would then be in the hogging condition, such that the deck plate would be in tension 
with the weight of the bow and stern sections trying to tear the two parts apart.  The 
fracture occurred in way of the Load Line marks at frame 58, close to a join 
between two deck plates at frame 61 (C5/C6). The fracture would likely have 
propagated rapidly down the side shell, allowing massive water ingress to occur 
and the vessel would then sink rapidly. 

 
6.10. Since a large amount of bottom plating was renewed in 2009, it is reasonable to 

consider that the structure remained efficient, which would be consistent with the 
bottom plate remaining intact, as it did, albeit creased due to the folding before 
sinking in the hogging condition. 
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7. CONCLUSIONS 
 
7.1. General 
 
7.1.1. The MV SWANLAND sank in heavy weather on the 27th November 2011 whilst on 

route to Cowes from Llandulas carrying 2,730 tonnes of Type 1 Limestone.  Six of 
her eight crew were lost.   

 
7.1.2. The vessel was struck by a combination of large waves of wavelength similar to the 

length of the vessel, resulting in the bow appearing to rise (relative to the rest of the 
ship), the hatch covers lifting and the starboard bulwark folding outwards.  
Subsequently, as the vessel was turned, water would have entered the holds due to 
large waves breaking onto the deck when beam-on to the seas. 

 
7.1.3. Available ROV footage confirms that the vessel experienced a large structural failure 

in way of the Load Line marks on the port and starboard side of the vessel.  The 
wreck lies upside down and hence it was confirmed that the bottom plating was 
generally intact but with a heavy transverse crease running between the fractures on 
the port and starboard side. 

 
 
7.2. Structural Design 
 
7.2.1. MV SWANLAND was constructed with a transverse framing system, alternating 

between deep and half frames.  Additional deep frames were provided at midships 
and the mid-point of each hatch opening. A cross-deck beam was also situated at 
midships to provide a complete ‘portal’ frame.  These deep frames would have been 
required to resist transverse and racking loads that the vessel would otherwise have 
been susceptible to due to the single open cargo hold. In all respects, her structural 
design was, in our opinion, normal for a vessel of her size, type and trade and 
therefore was not a significant factor in the loss of the vessel. 

 
7.2.2. However, her design of having a single cargo hold and two hatch covers forward and 

aft of a small cross-deck beam resulted in large openings at main deck level and 
consequently relatively little main deck plating in the midship section to contribute to 
the overall hull girder strength.  This meant that the deck plating either side of the 
hatch opening at midships (frame 58) and the under-deck longitudinal stiffening was 
critical to the maintenance of sufficient strength in the deck to resist hull bending 
moments.  Adequate maintenance of these areas would have been of paramount 
importance to ensure sufficient strength of the deck structure. 

 
7.2.3. It is believed that MV SWANLAND was constructed according to the LR Small Ship 

Rules 1976, although it has not been possible to fully confirm this. These Rules 
provided for minimum longitudinal strength requirements based on empirical formulae 
(as was and is common practice) according to a simpler methodology than the 
equivalent ‘large’ ship rules (for vessels greater than 90 metres in length).  Due to the 
relative infancy of the technical development of Class Society rules at this time, we 
consider it possible that the LR Small Ship Rules 1976 may not have provided a 
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minimum longitudinal strength representative of the operational conditions to which 
MV SWANLAND was subsequently subjected in her later service life. 

 
7.2.4. The addition of the self-discharging conveyor system in 2003 did not in itself provide 

any detrimental effect to the structural capacity of the vessel.  On the contrary, it 
required the scantlings of the transverse frames to be increased and thus it likely had 
an overall beneficial effect in structural strength terms.  However, the installation of 
the rails on either side of the hatch coamings created a water ‘trap’ between the stays 
and hence an area where corrosion would have been able to develop and propagate 
unless a diligent approach to cleaning and maintenance was applied.  See Figure 12 
below which demonstrates the problem of water and dirt trapped between the stays. 

 

 
Figure 12 – Water and Dirt Trap Area between Hatch Coaming Stays 

 
7.3. Classification, Registry, Surveys and Repairs 
 
7.3.1. As is common, MV SWANLAND was entered into various different classification 

societies and registered under different maritime administrations during her service 
life.  Of note is the transfer to INSB in 2009, which is the first time she was entered 
with a non-IACS classification society. At the same time, she was transferred to the 
Cook Islands flag state, which was on the Paris MOU Grey list of flag states at the 
time (and close to the Black list limit)17. Her registry and Classification remained the 
same until the time of the accident. 

 
7.3.2. MV SWANLAND was subjected to a full survey and inspection regime, including 

Special Surveys every 5 years and Annual / Intermediate Surveys in the intervening 
times.  Due to the age of the vessel and existing Memoranda of Class with regard to 
the double bottom tanks, the scope of the Intermediate surveys was effectively the 
same as Special Surveys, to include ultra-sonic thickness measurements. The 2009 
survey completed by INSB at the time of transfer from Lloyd’s Register was classified 
as an Intermediate and Dry-Docking Survey. 

 
7.3.3. MV SWANLAND was regularly inspected by Port State Control officers.  Since 2009, 

she had been detained for serious deficiencies two times and had 41 defects 
registered, including a number for structural damage and / or corrosion.  The PSC 

                                                 
17 The ‘Grey’ List, together with the While and Black Lists are published under the Paris Memorandum of Understanding on Port 
State Control (Paris MOU) to summarise the overall risk factor for a particular flag state; Black being poor quality flags with high 
detention records, White representing ‘quality’ flags with a low detention record and Grey representing average performance.  
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inspection reports do not document the defect in any detail and it is not known how 
many of these defects were outstanding at the time of the accident. 

  
7.3.4. MV SWANLAND underwent a considerable amount of structural repairs during her 

life, including virtually all of her cargo hold and double-bottom structure at various 
times.  For a vessel of her age, type and trade, this is not an unexpected situation.  
However of particular note are regular repairs to the cargo hold transverse frames 
due to wastage and mechanical damage, side shell plating, cracks in bottom 
longitudinals, deck plating and under-deck stiffeners, tank top plating due to heavy 
corrosion, cracked and corroded welds and various localised cracks. 

 
7.3.5. Examining the nature of the voyages that MV SWANLAND was engaged in, it is our 

opinion that full and proper hold cleaning, coating and maintenance would have been 
difficult to have carried out due to time constraints.  Based on the record of cargoes 
carried, she rarely operated on ballast voyages and carried varying cargoes between 
ports often within 1 day of discharge of the previous cargo.  Combined with 
mechanical damage due to the discharge method (grabs and excavators), there 
would potentially have been regular and significant damage and / or corrosion to the 
vessel’s cargo hold structure. 

 
7.3.6. We therefore consider that the MV SWANLAND was likely to have been in a 

weakened structural condition for much of her latter service life.  Periodic repairs 
would have regained structural strength but because these appear to have been 
‘piecemeal’ and re-active, the overall effect would have been that the original 
structural strength would potentially never have been regained. 

 
7.3.7. Based on the available survey records from Bureau Veritas (1987-1997) and Lloyd’s 

Register (1976-1987, 1997-2009), we believe that up until 2000 the vessel’s structure 
was generally in a sound condition, following extensive steel renewals and an 
apparently diligent and extensive survey regime.  In 2000, the Double Bottom tanks 
are first reported by Lloyd’s Register to be in a FAIR condition and extensive and 
repeated reports of repairs to the vessel’s primary structure (cargo hold, main deck 
area, side shell, tank top and double bottom structure) are given, including cracking 
of bottom longitudinals.  In October 2006, a serious ISM non-conformity was reported 
by LR, relating to the non-reporting of structural defects and repairs carried out 
without notification of the Classification Society. 

 
7.3.8. Following the Lloyd’s Register survey in 2000, there are repeated reports of the poor 

condition of the double bottom structure in way of the seawater ballast tanks.  It is 
assumed that the original coating in these tanks had broken down and these were 
therefore free to corrode.  There are no references from this survey to the time of the 
accident of any plans to re-coat, or of actual coating of the double bottom ballast 
tanks.  We would consider that upon the report of FAIR condition for this structure, it 
would have been prudent to implement a plan for improving the condition of the 
ballast tanks. 
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7.4. Corrosion of the Vessel’s Primary Structure 
 
7.4.1. Records exist for the cargoes carried by MV SWANLAND from 2003.  From this time, 

she was primarily engaged in carrying dry bulk cargoes including a number of 
potentially corrosive cargoes such as Furnace Ash, Potash, Clinker and Salt.  She 
also carried abrasive cargoes such as Limestone, Asphalt and various aggregates.   

 
7.4.2. Between the beginning of 2009 and the time of the accident, she carried road salt for 

a total of 105 days, often in periods of poor weather.  Of particular note is a period of 
carrying exclusively road salt in the winter of 2010 at a time when local authorities in 
England had high demand for road salt due to the heavy snow and icy conditions.  It 
is our opinion, that this period of operation (plus the other equivalent periods in 2009 
and 2011) would likely have resulted in significant corrosion to the vessel’s structure 
due to the moisture likely to have been present in the cargo, residual moisture (from 
snow / ice) in the vessel and a probable lack of hold cleaning and preparation due to 
the short voyage, turnaround times and high demand. 

 
7.4.3. Based on considerations of predicted corrosion rates and applying Classification 

Society rates for ‘general’ corrosion together with specific rates available for salt 
corrosion, we believe that it is possible for the relevant parts of the vessel’s structure 
(Cargo hold plating, tank top, transverse web frames, underside of main deck 
structure) to have been corroded close to the Classification Society limits for 
diminution by 2011.  Any structure identified as having diminution over 15% at 2009 
has the potential to have reached diminutions greater than 75% of the INSB limits 
(i.e. 22.5% of original) by 2011, thus requiring further thickness measurements 
testing and therefore, further possible renewals as appropriate.  This result does not 
account for corrosion due to any other cargoes, abrasion due to mechanical impact 
and / or damage or pitting / grooving corrosion that may occur through other sources 
and hence we believe this to be a reasonable and conservative conclusion. 

 
7.4.4. Extensive areas of the vessel’s primary structure have been identified from the 2009 

UTM and Survey reports as having diminutions greater than 15% of the original 
thickness (see Figure A.3 in Appendix A).  Significant material loss had occurred on 
the bottom plating, side shell plating, main-deck plating, tank top plating (virtually in 
its entirety), Double Bottom longitudinal, traverse water-tight bulkheads and various 
transverse web frames in the cargo hold. 

 
7.4.5. The 2009 UTM report included a serious miscalculation of the tank top diminutions as 

it used the wrong original plate thickness (14mm instead of 17mm), based on a 
construction drawing for MV SWANLAND’s sister vessel, CAREBEKA VIII, thereby 
significantly under calculating the percentage diminution from the measured values. 

 
7.4.6. A detailed examination of the condition of the midships section area (fr58) in 2009 

(post-repair) and the estimated condition in November 2011 has been carried out.  
From this, we believe that the Midships Section Modulus would likely have been 
reduced by nearly 20% from the original ‘as-built’ value by November 2011.  In 2009 
(post-repair), the reduction compared to the ‘as-built’ value was 11.5%.   
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7.5. Management of Structural Integrity 
 
7.5.1. Based on examination of the Classification survey history and Port State Control 

records, it is clear that there were a high number of structural defects, deficiencies 
and failures in the Safety Management System.  As well as the general poor 
condition noted in various inspections and reports, there is evidence of repairs being 
carried out without notifying the Classification Society and of repairs and known 
areas of damage to key structural members not being recorded in the ISM records. 

 
7.5.2. Poor management and maintenance of the vessel’s structure was also highlighted by 

the P&I insurers of the MV SWANLAND in 2002, following the vessel’s annual 
condition survey. This noted the lack of a Planned Maintenance System and a strong 
recommendation was issued to the Managers for a maintenance programme to be 
implemented for the hull structure.  The ISM Code (Section 10) requires that 
inspections are held regularly and any non-conformity be reported and documented. 

 
7.5.3. Prior to 2009, there are numerous reports in the survey records of corrosion, defects, 

structural damage and repairs carried out.  From 2009, after transfer of Classification 
to INSB, there is very little information on the actual condition of the vessel’s structure 
in the INSB survey reports.  The reports from INSB are, in our opinion, cursory in 
content and do not detail the condition of individual structural members or areas of 
structure.  They only provide a simple grading of the structure, such as in the 2009 
survey report, the report on the Double Bottom ballast tanks is limited to a statement 
of “Uncoated all Ballast Tanks.  In Good Condition”. 

 
7.5.4. It is our understanding the INSB 2008 Rules did not require MV SWANLAND to be 

subjected to Close-up surveys.  We consider that based on the cargoes carried, 
previously reported structural condition, age and type of vessel (all of which is 
documented), it would have been prudent to subject MV SWANLAND to Close-up 
surveys of the cargo hold structure. This may have assisted in maintaining adequate 
structural integrity. 

 
7.5.5. Further, there are clear contradictions in the rating of key structural members (double 

bottom water ballast tanks) by the INSB surveyor in 2010 and the previous survey in 
2009 and the owner’s own assessment of the condition of the tanks, despite no 
improvements having been made. 
 

7.5.6. As described in Sections 4.3.12 and 5.2.29, MV SWANLAND was issued with a 
Memoranda of Class requiring the double bottom ballast tanks to be inspected at 
each survey and thickness gauged “to the surveyor’s satisfaction’.  At the 2009 dry-
docking, significant repairs to the ballast tank structure were undertaken, although 
the ballast tanks were rated as “IN GOOD CONDITION” and “UNCOATED” in the 
INSB survey report. Following the repairs in 2009, the ballast tanks were rated to be 
“IN GOOD CONDITION” with “FAIR COATINGS” by 2010, despite there being no 
evidence of repairs or coating after the 2009 dry-docking.  The available photographs 
of the tanks before the repairs in 2009, (see Figure 11) clearly show them to be in a 
very poor condition and we believe that this is indicative of their condition after a 
period without maintenance.  Whilst the bottom structure remained intact during the 
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sinking, the likely wastage would have resulted in a reduction in the Section Modulus 
of the vessel and in our opinion, indicates a lack of focus and oversight on the 
management of the condition of the vessel. 

 
7.5.7. It is our interpretation that MV SWANLAND was required to carry ‘loading guidance 

and stability data’ (INSB 2008 Rules; Part I, Ch. 3, Section 1.2.5) which would 
provide guidance on loading weights and distribution to ensure shear forces and 
bending moments are maintained within permissible limits. No record of such a 
document has been provided and it appears that no such information either existed 
(after 2009) or was used onboard, indicating a degree of complacency over the 
loading of the vessel and its effect on the vessel’s structure and stability. 

 
7.5.8. The various repairs carried out are believed to be reasonable for the reported 

defects, however they appear to be focussing solely on the immediate area of 
damage and have not considered the adjacent structure.  In many cases this was 
also significantly corroded, albeit within the INSB limits.  In our opinion, a rigorous 
approach to the structural integrity would have included consideration of these areas 
and plans for condition improvement taking into account the overall strength, not just 
the localised area requiring immediate repair. 

 
7.5.9. It is our view that significant areas of the vessel’s critical structure with regard to hull 

girder strength had been corroded to the point where she did not have sufficient 
longitudinal strength to resist the large bending moments and stresses that she would 
have experienced on the voyage from Llandulas on 26th November 2011. 

 
7.6. Summary 
 
7.6.1. In summary, based on the available evidence provided and our review of the 

structural history of MV SWANLAND, the major contributing factors to the structural 
failure were, in our opinion: 

 
(a) Corrosion of the critical areas of the structure of the vessel that provided her 

longitudinal strength (main deck area, side shell, transverse web frames, tank 
top, double bottom structure), resulting in a lack of material and strength in the 
key structural members and thus stresses due to hull girder bending that 
exceeded the capacity of the structure and resulted in the structural failure of the 
main deck area. 

(b) An apparent lack of focus on the management and maintenance of the structural 
integrity of the vessel that allowed her primary structure to degrade over time 
resulting in a critical reduction in longitudinal strength.  

(c) An apparent lack of focus by the Classification survey and inspection regime 
from 2009 onwards that resulted in errors in the survey and grading of the 
structural condition of the vessel, potentially allowing key areas of vessel 
structure, that were already requiring attention in 2009, to continue to be 
corroded to close to the relevant Classification Society limits.  Surveys 
conducted after 2009 do not appear to have identified the likely continuing 
diminution of the same structural members in order to prevent a critical loss of 
hull structural strength. 
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7.6.2. The three primary conclusions listed above are not new issues within the shipping 

industry. As outlined, in Table 3 of Section 5.6.2, these factors have been indentified 
numerous times for vessels lost or damaged due to structural failures. 
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GLOSSARY  
Abbreviations 
 
The abbreviations used in this report are listed here in order of appearance in the main body. 

Ch.:    Chapter 
ps / PS / P:  Port 
stbd / STBD / S: Starboard 
fr:  Frame number (Frames are numbered forward from 0 at the aft 

perpendicular) 
FPT:    Fore-Peak Tank 
Horiz.:    Horizontal 
Long’l:    Longitudinal 
CL:    Centre-line 
Assoc’d:  Associated 
SW:    Salt Water 
iwo:    in way of 
Var.:    Various 
DBT:    Double Bottom Tank 
FO:    Fuel Oil 
DB:    Double Bottom 
Fwd:    Forward 
UTM:    Ultrasonic Thickness Measurement 
Trans.:    Transverse 
WT:    Watertight 
Vert.:    Vertical 
APT:    Aft-Peak Tank 
WBT:    Water Ballast Tank 
FBA:    Furnace Bottom Ash 
RAP:     Reclaimed Asphalt Pavement 
ISM:   International Safety Management Code (IMO Resolution A.741(18) as 

amended) 
 
Plate Numbering System 
 
Figure I below shows how the shell plating is referenced in this report.  For ease of reference, 
it is the same system used in the Classification Society survey reports and UTM reports. 
Plates are identified as follows: 
- Each plate has a two digit reference consisting of a letter and a number e.g. A1. 
- Letters are used to identify the plate position around the girth of the hull (strake) for the 

shell expansion plan (starting with K for keel, then A upwards moving from keel to main 
deck level) or transversely for the main deck and tank top (starting with A on the centre-
line and then B, C etc moving outboard port and starboard). 

- Numbers are used to identify the plate position longitudinally from 1 upwards (1 being the 
furthest aft). 

So plate E6 on the side shell identifies the plate at strake E, just above the turn of bilge on 
the side shell near to midships (frame 58).   
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Figure I – Schematic of MV SWANLAND Shell Expansion Numbering Scheme (Not to Scale) 
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APPENDIX A 
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Figure A.1 – MV SWANLAND General Arrangement 
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Figure A.2(a) – Areas in way of Cargo Hold and Double Bottom Repaired in 2009 (Kaliningrad) 

KEY: 
For all figures in A.2:  
- Plating repairs/renewals are shown as cross-hatched 

areas, e.g:  
 
- Repairs and renewals to frames, stiffeners or 

bulkheads are shown as a bold line, e.g.  
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Figure A.2(b) – Areas in way of Cargo Hold and Double Bottom Repaired in 2008 (Great Yarmouth) 
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Figure A.2(c) – Areas in way of Cargo Hold and Double Bottom Repaired in 2007 (Warrenpoint) 
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Figure A.2(d) – Areas in way of Cargo Hold and Double Bottom Repaired in 2006 (Leipaja) 
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Figure A.2(e) – Areas in way of Cargo Hold and Double Bottom Repaired in 2005 (Great Yarmouth) 
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Figure A.2(f) – Areas in way of Cargo Hold and Double Bottom Repaired in 2003 (Reimerswaal) Nb. Only repairs shown, not modifications. 
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Figure A.2(g) – Areas in way of Cargo Hold and Double Bottom Repaired in 2002 (Bijela)  
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Figure A.2(h) – Areas in way of Cargo Hold and Double Bottom Repaired in 2000 (Leith)  

Various Hold side frames 
cropped and renewed. 
Frames not specified 
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Figure A.2(i) – Areas in way of Cargo Hold and Double Bottom Repaired in 1997 (Hull) and Prior Years to 1988 (1987 excluded as repairs due to grounding) 

1994 / 1992: Various Hold 
side frames cropped and 
renewed. Frames not 
specified 

KEY: 
Yellow:  1997, Hull 
Grey:  1994, Unknown 
Magenta: 1993, Unknown 
Green: 1992, Piraeus 
Blue 1988, Vlissingen 
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Figure A.2(j) – Areas in way of Frame 56 Repaired between 1988 and 2009 

Frame 56 
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Figure A.2(k) – Areas in way of Midships (frame 58) Repaired between 1988 and 2009 
 

Frame 58 
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Figure A.2(l) – Areas in way of Frame 60 Repaired between 1988 and 2009 

Frame 60 
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Figure A.3(a) – Side Shell and Bottom Areas Renewed at 2009 Dry-docking and Areas of Diminution Greater than 15% (Starboard) 

 
 

 
Figure A.3(b) – Side Shell and Bottom Plating Areas Renewed at 2009 Dry-docking and Areas of Diminution Greater than 15% (Port) 

 
KEY: 
 Areas of Structure Replaced in 2009. 
 Areas of Structure with Diminution Greater than 15%. 
 Areas of Structure with Diminution Greater than 75% of Class Limit (22.5%), Requiring Additional UTM and Potential Renewal but not done in 2009.  
 Areas of Structure with Diminution Greater than Class Limit (30%), but not replaced in 2009. 
 Stiffeners 
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Figure A.3(c) – Main Deck Plating Areas Renewed at 2009 Dry-docking and Areas of Diminution Greater than 15% 

 

    
Figure A.3(d) – Tank Top Plating Areas Renewed at 2009 Dry-docking and Areas of Diminution Greater than 15% 
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Figure A.4 – Diminution Values Used in Derivation of the Midship Section Modulus (fr 58) at Build, 2009 (post-repair) and at Time of Loss  

(% at 2009 / % at Nov’ 2011) 
Notes: - The 2009 figures are post-repair, although since very little repairs were undertaken at fr58, there is little difference between the pre-and post-repair condition. 

- Although not contributing to longitudinal strength, it is noted that the Port and Starboard side frames at Frame 58 were measured with 53% and 2% diminutions 
respectively; the former was repaired. 

18% / 20% 
11% / 20% 

16% / 23% 
15% / 23% 

2%/ 6% 2% / 6% 

15% / 25% 
16% / 25% 

13% / 16% 14% / 16% 

7% / 13% 7% / 13% 14% / 16% 

neg / 6% 

neg / 20% 

DB stiffeners / girders (P/S): 
6% / 20% 

21% / 27% 
21% / 27% 

Note: % Diminution values were 
determined from UTM report 
(2009 figures) and extrapolation of 
these with Classification Society 
standard corrosion rates for 
different structural members and 
cargo specific corrosion rates 
where relevant (2011 figures) 



Annex E

MS Carabeka IX Capacity Plan









Annex F

Extracts from ‘The LR Rules and Regulations for the Construction and Classification of Steel Ships 
1976’ (“full” LR 1976 Rules)
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Annex G

Extracts from the ‘Small Ships Rules for the Hull Construction 
 of Steel Ships under 90m in Length 1976’ (1976 Small Ship Rules)
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Annex H

As-built Midships Section drawing for Hull 352 (Carabeka VIII)









Annex I

Extract from ‘IACS General Cargo Ships Guidelines for Survey, Assessment and Repair of Hull  
Structure’









Annex J

Comparison of survey requirements between IACS UR Z7.1, the 2008 INSB Rules and the 2011 
ESP Code
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 c
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 r
e
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u
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e
n
d
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e
d
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h
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o
g

n
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d
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a

n
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o

n
, 

s
h

o
u
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 b

e
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s
s
u

e
d
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o
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h
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n

e
r 
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n
d

 p
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c
e
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n
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o
a
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o
r 
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c
e
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t 
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u
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s
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u

s
p
e
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t 
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s

2
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d

e
n
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fi
e

d
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t 
p
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v
io

u
s
 

s
u

rv
e

y
s
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o
 b

e
 e

x
a

m
in

e
d
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a

n
d
 

th
ic

k
n

e
s
s
 m

e
a
s
u
re

m
e

n
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a
k
e

n
 o

f 
a

re
a
s
 

o
f 

s
u

b
s
ta

n
ti
a

l 
c
o

rr
o
s
io

n
3
. 
F

o
r 

a
 v

e
s
s
e
l 

o
v
e

r 
1

5
 y

e
a
rs

 o
f 

a
g

e
, 

a
n
 o

v
e

ra
ll 

s
u

rv
e

y
 

o
f 

a
ll 

c
a
rg

o
 h

o
ld
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p
a

c
e
s
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s
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o
 b

e
 

u
n
d

e
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a
k
e

n
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T

h
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s
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o
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n
c
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d
e
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 c
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s
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-
u
p

4
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x
a

m
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a
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o
n
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a
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u
m

 o
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2
5
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o
f 
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e
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 f
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m
e
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, 
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e
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s
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b
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h
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e
 c
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n
d
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c
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d

 t
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e
 f
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m
e
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n
d

 a
tt
a

c
h
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h
e
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 l
e
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o
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s
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y
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s
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 c
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c
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 b
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, 
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s
 d
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e
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c
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 c
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 c
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 c
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c
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 c
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 c
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c
e

s
s
a
ry

 b
y
 t

h
e
 s

u
rv

e
y
o

r,
 i
n

 p
a

rt
ic

u
la

r 
w

h
e
re

 e
x
te

n
s
iv

e
 c
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c
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c
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 d
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 d
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p
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c
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c
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 c
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u
c
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a
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g
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x
c
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a
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b

u
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w
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c
c
e
p
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b
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 l
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s
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v
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5
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f 
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e
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q

u
ir
e

m
e

n
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o
r 
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e
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n

te
rm

e
d
ia

te
 

s
u

rv
e

y
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h
e
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a
m

e
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s
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p
p
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d
 d
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g
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c
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v
e
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v
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1

0
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f 
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g
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a
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e

x
a

m
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a
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o
n

 o
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t 

s
p
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s
 i
s
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o
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e
 c

a
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d
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u
t.
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h
e
re

 
s
u

c
h
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n
 e

x
a

m
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a
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o
n
 r

e
v
e

a
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 n
o
 v

is
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s
tr

u
c
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ra
l 
d

e
fe

c
ts

, 
th

e
 e

x
a

m
in

a
ti
o
n

 m
a

y
 

b
e
 l
im

it
e

d
 t
o

 v
e

ri
fi
c
a

ti
o
n
 o

f 
th

e
 e

ff
ic

ie
n
c
y
 

o
f 

th
e
 p

ro
te

c
ti
v
e

 c
o

a
ti
n
g
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H

o
w

e
v
e
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f 

th
e
 

p
ro

te
c
ti
v
e

 c
o

a
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n

g
 i
n

 a
 s

a
lt
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a
te

r 
D

B
 

b
o
tt

o
m

 t
a

n
k
 i
s
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o
u
n

d
 t
o

 b
e
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n
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p
o
o
r”

 
c
o

n
d

it
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n
 a

n
d

 i
s
 n

o
t 
re

n
e
w

e
d
, 

a
n
n

u
a

l 
in

te
rn

a
l 
e

x
a

m
in

a
ti
o
n

s
 o

f 
th

e
 t

a
n
k
s
 m

a
y
 

b
e
 r

e
q

u
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e
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s
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e
a
s
u

re
m

e
n
ts

 
a
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 n

o
t 
re

q
u

ir
e

d
 d

u
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n

g
 t
h

e
s
e

 a
n

n
u
a

l 
s
u

rv
e

y
s
, 

u
n
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e
 f
o

r 
o

th
e
r 

b
a
lla

s
t 

ta
n
k
s
. 

T
h

e
 r

u
le

s
 n

o
te

 t
h

a
t 
“W

h
e
n

 e
x
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n
s
iv

e
 

c
o
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o
s
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n
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 f
o

u
n

d
, 
th
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k
n
e

s
s
 

m
e

a
s
u

re
m

e
n
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 m
a

y
 b

e
 r

e
q
u

ir
e

d
.”

 f
o
r 

b
a
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s
t 

ta
n
k
s
. 
T

h
e
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u
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s
 d
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o
t 
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d
e

 a
 

d
e
fi
n
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n
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x
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n
s
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e
 c

o
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o
s
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”.
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r 

v
e
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1

0
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a

g
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, 
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 b
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n
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s
 i
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y
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a
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 b
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s
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. 
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s
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 c

a
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d
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fo

r 
v
e

s
s
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 o
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1
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y
e
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 o
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v
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5
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e
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 f
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h
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y
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TABLE I

TABLE OF THE MINIMUM REQUIREMENTS FOR CLOSE-UP SURVEY AT HULL
SPECIAL SURVEYS OF GENERAL DRY CARGO SHIPS

Special Survey No.1
Age ≤ 5

Special Survey No.2
5 < Age ≤ 10

Special Survey No. 3
10 < Age ≤ 15

Special Survey
 No. 4

 and Subsequent
Age > 15

(A) Selected shell frames
in one forward and one
aft cargo hold and
associated tween deck
spaces.

(B) One selected cargo
hold transverse
bulkhead.

(D) All cargo hold hatch
covers and coamings
(plating and stiffeners).

(A) Selected shell frames
in all cargo holds and
tween deck spaces.

(B) One transverse
bulkhead in each cargo
hold.

(B) Forward and aft
transverse bulkhead in
one side ballast tank,
including stiffening
system.

(C) One transverse web
with associated plating
and framing in two
representative water
ballast tanks of each
type (i.e. topside,
hopper side, side tank
or double bottom tank).

(D) All cargo hold hatch
covers and coamings
(plating and stiffeners).

(E) Selected areas of all
deck plating and
underdeck structure
inside line of hatch
openings between
cargo hold hatches.

(F) Selected areas of inner
bottom plating.

(A) All shell frames in the
forward lower cargo hold
and 25% frames in each
of the remaining cargo
holds and tween deck
spaces including upper
and lower end
attachments and
adjacent shell plating.

(B) All cargo hold transverse
bulkheads.

(B) All transverse bulkheads
in ballast tanks, including
stiffening system.

(C) All transverse webs with
associated plating and
framing in each water
ballast tank.

(D) All cargo hold hatch
covers and coamings
(plating and stiffeners).

(E) All deck plating and
underdeck structure
inside line of hatch
openings between cargo
hold hatches.

(F) All areas of inner bottom
     plating.

(A) All shell frames in all
cargo holds and tween
deck spaces including
upper and lower end
attachments and
adjacent shell plating.

Areas (B –F) as for Special
Survey No. 3.

(A) Cargo hold transverse frames.
(B) Cargo hold transverse bulkhead plating, stiffeners and girders.
(C) Transverse web frame or watertight transverse bulkhead in water ballast tanks.
(D) Cargo hold hatch covers and coamings.
(E) Deck plating and underdeck structure inside line of hatch openings between cargo hold hatches.
(F) Inner bottom plating.

See Figs 1 and 2 for the areas corresponding to (A), (B), (C), (D), (E) and (F) .

Note: Close-up survey of cargo hold transverse bulkheads to carried out at the following levels:

- Immediately above the inner bottom and immediately above the tween decks, as applicable.
- Mid-height of the bulkheads for holds without tween decks.
- Immediately below the main deck plating and tween deck plating.
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TABLE II

TABLE OF MINIMUM REQUIREMENTS FOR THE THICKNESS MEASUREMENT AT
HULL SPECIAL SURVEYS OF GENERAL DRY CARGO SHIPS

Special Survey No. 1

 Age ≤ 5

Special Survey No. 2

 5 < Age ≤ 10

Special Survey No. 3

 10 < Age ≤ 15

Special Survey No. 4
and Subsequent

 Age >15
1. Suspect areas. 1. Suspect areas.

2. One transverse section
of deck plating in way of
a cargo space within the
amidships 0.5L.

3. Measurement for general
assessment and
recording of corrosion
pattern of those
structural members
subject to close-up
survey according to
Table I.

1. Suspect areas.

2. Two transverse sections
within the amidships 0.5L
in way of two different
cargo spaces.

3. Measurement for general
assessment and recording
of corrosion pattern of
those structural members
subject to close-up survey
according to Table I.

4. Within the cargo length
area, each deck plate
outside line of cargo hatch
openings.

5. All wind and water strakes
within the cargo length
area.

6.  Selected wind and water
strakes outside the cargo
length area.

1. Suspect areas.

2. Within the cargo length
area:

a) A minimum of three
transverse sections
within the amidships
0.5L.

b) each deck plate
outside line of cargo
hatch openings.

c) Each bottom plate,
including lower turn
of bilge.

d) Duct keel or pipe
tunnel plating and
internals.

3. Measurement for general
assessment and
recording of corrosion
pattern of those
structural members
subject to close-up
survey according to
Table I.

4.  All wind and water
     strakes full length

Notes:
1. Thickness measurement locations should be selected to provide the best representative

sampling of areas likely to be most exposed to corrosion, considering cargo and ballast
history and arrangement and condition of protective coatings.

2. For ships less than 100 metres in length, the number of transverse sections required at
Special survey No. 3 may be reduced to one and the number of transverse sections at
Special Survey No. 4 and subsequent surveys may be reduced to two.
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Table A    Thickness measurements during Special Surveys  

 

Special Survey I 

Age of ship ≤≤≤≤ 5 years 

 

Special Survey II 

Age of ship >>>> 5,  ≤≤≤≤ 10 years 

Special Survey III 

Age of ship >>>> 10,  ≤≤≤≤ 15 years 

Special Survey IV  

Age of ship > 15 years 

Main structural parts, plates 

and stiffeners showing signs 

of tear and wear 

 

Main structural parts, plates 

and stiffeners showing signs of 

tear and wear 

Main structural parts, plates 

and stiffeners showing signs of 

tear and wear 

Main structural parts, plates 

and stiffeners showing signs of 

tear and wear 

 Within the cargo length area or 

0.5L amidships: 

− Selected deck plates 

− 1 transverse section 

− Selected tank top plates 

− Selected bottom plates 

− Selected wind and water 

strakes 

 

Within the cargo length area or 

0.5L amidships: 

− Each deck plate 

− 2 transverse sections 

− Selected tank top plates 

− Selected bottom plates 

− All wind and water strakes 

 

Within the cargo length area or 

0.5L amidships: 

− Each deck plate 

− 3 transverse sections 

− Each tank top plate 

− Each bottom plate 

− All wind and water strakes 

 

 Outside the cargo length area 

or 0.5L amidships: 

− Selected deck plates 

− Selected wind and water 

strakes 

− Selected bottom plates 

 

Outside the cargo length area 

or 0.5L amidships: 

− Selected deck plates 

− Selected wind and water 

strakes 

− Selected bottom plates 

 

Outside the cargo length area 

or 0.5L amidships: 

− Each deck plate 

− All wind and water strakes 

− Each bottom plate 

 

 The two first cargo hold hatch 

covers and coamings (plates 

and stiffeners) 

 

All cargo hold hatch covers 

and coamings (plates and 

stiffeners) 

All cargo hold hatch covers 

and coamings (plates and 

stiffeners) 

 Collision bulkhead, forward 

machinery space bulkhead, aft 

peak bulkhead 

Collision bulkhead, forward 

machinery space bulkhead, aft 

peak bulkhead, selected cargo 

hold transverse and 

longitudinal bulkheads (plates 

and stiffeners) 

 

All transverse and longitudinal 

bulkheads (plates and 

stiffeners) 

  Selected internal structural 

members such as floors and 

longitudinals, transverse 

frames, web frames, deck 

beams, tweendecks, girders, 

etc. 

 

As for Special Survey III. 

Number of measurements may 

be increased as deemed 

necessary by the Surveyor 
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Annex K

Diagram showing a typical top side and hopper tank arrangement on a bulk carrier









Annex L

Technical data provided by CEMEX UK Materials Limited Legal Department for MOT Type 1  
Limestone









Annex M

IMSBC Code datasheet for Limestone 










