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The following report outlines the major part of the work being done within Phase 1 of the Sutton 
Hoo Ship Reconstruction Project. The overall phase is concerned with the creation of a digital 
interpretation of the Sutton Hoo ship, based on the available evidence, and subsequent hydrostatic 
testing. It is seen as a critical phase in advance of full-scale building because of the cost-effective 
opportunity that digital modelling affords for exploring challenges to using the original dataset and 
resolving questions of interpretation prior to full-scale construction work. 

Phase 1 Interim Report 1 focused on conducting initial comparative analysis of the three existing 
lines plan interpretations (1939, 1975, 2016) of the ship, and on understanding the nature of the 
surviving archaeological evidence and issues arising from this. 

This report moves to the next, and primary phase of the digital modelling, which focuses on 
interpreting the most likely form of hull structure of the Sutton Hoo ship. As per the decision of the 
Ship’s Company, this work has taken the 2016 lines plan (Handley 2016) as its underlying hull form. 
But, throughout, it has sought to respect the excavated, published, archaeological record of the ship 
(Phillips, 1940a; 1940b; Bruce Mitford, 1975), as far as possible when arriving at a viable 
interpretation of the planking of the Sutton Hoo ship. The nature of the vessel, with its shell-based 
clinker hull, means that the form and disposition of the planking will to a large extent dictate the 
overall form of the vessel’s hull, into which further structural elements, e.g. frames and thwarts are 
then placed. Understanding the vessel’s planking is therefore the main focus of this report. The 
planked hull represents a more detailed interpretation of the ship’s hull form than that provided by a 
lines plan, and there is an inevitable refinement of hull shape as a result of this stage of work. 

With the above in mind, Section 1 of this report sets out the process used to derive the 
interpretation of the Sutton Hoo ship that has been taken forward to full-size digital modelling of a 
minimum reconstruction of the ship, for various component parts and key elements of the vessel; 
rivets, keel, etc. That process itself raised a number of questions that provide the focus for Section 2. 
Throughout, discrepancies with, and between, the different sets of published archaeological data 
(and the published interpretations of that data) are highlighted and resolved where possible. A final 
section contains summary conclusions and the overall interpretation drawings resulting from the 
digital model. A further report, Phase 1 Report 2: Hydrostatics and Propulsion, covers the hydrostatic 
analysis of the modelled hull, and initial interpretation of the vessel’s propulsion. 

1. Digitally Interpreting the Sutton Hoo Ship’s Planking 

As noted above, the underlying hull form used for Phase 1 of the project is the lines plan produced 
by Paul Handley (Handley 2016), which established the viability of the overall hull shape from a naval 
architectural perspective. These lines are to the outside of the hull, by contrast, the archaeological 
record of the excavated impression of the vessel in the burial mound took measurements to the 
inside of the hull’s iron rivets. Nevertheless, the clinker planked nature of the vessel’s original 
construction, and absence of other substantial surviving structural material dictates that the rivet 
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positions are the primary means by which to arrive at a viable interpretation of a possible hull-form 
and so the rivets provide the starting point for reaching the most likely hull form of the ship. 

1.1 Rivet Location  

The first step in using the rivets as a means to reconstruct the hull shape requires them to be located 
in three-dimensions to replicate their disposition when originally recorded. The surviving 
archaeological record provides three pieces of data in relation to the rivet positions: 

1. The Science Museum plan of the ship (Figure 1), produced in 1940 on the basis of the 1939 
excavations. This shows the rivet positions of the ship in plan and profile view, along with 
detailed drawings of the various different rivets recorded during the excavation. 

2. The 1975 British Museum construction plan drawing (Figure 2) shows the positions of the 
rivets in plan and profile view, albeit with some fairing / modification at both ends.  

3. Table 19 from page 354 of The Sutton Hoo Ship-Burial volume 1 (Table 1), showing, in 
inches, the widths of the strakes measured along the line of the frames, at each 
frame-station. 

 

Figure 1. 1940 Science Museum Drawings, based on the 1939 excavation (Bruce-Mitford, 1975: fig. 185). 

 

Figure 2. British Museum reconstruction of the Sutton Hoo ship, (Bruce-Mitford, 1975: fig. 325). 
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 Port Strakes Starboard  

Rib 9 8 7 6 5 4 3 2 1 K 1 2 3 4 5 6 7 8 9 Av. 

5 - - 8 7 7 8.5 - - - - 6 7.5 8.5 9 8.5 7 - - - 7.6 

6 - - - 9 8.5 8 8 7.5 6.5 7 6 7 8 7.5 8 - - - - 7.5 

7 - - - - 9.5 9 9 7.5 6.5 6.5 6.5 8.5 9 9 10 6 - - - 8.3 

8 - - - 7 10 9.5 9 8 6.5 7 7 9 9.5 9.5 10 7.5 8.5 - - 8.4 

9 - - - 11 10 9 8.5 10 7.5 6 8 9.5 11 10.5 11 10 10.5 - - 9.3 

10 - - - 11 9 10 9.5 9 6 - 8 9 10.5 11 10 10 10.5 - - 9.3 

11 - - 10.5 10 10.5 10 - - - - - - - - - 9.5 11 - - 10.1 

12 - - - - 10.5 9 - - - - - - - - - 8 - - - 9.0 

13 - - 10 9.5 10.5 14 - - - - - - - - - - - - - 10.7 

14 - - - 12 10 - - - - - - - - - - 10.5 11 - - 10.7 

15 - - 9.5 11 10.5 10.5 - - - - - - - - - 9 11 - - 10 

16 - - - 12 8.5 11 10 8.5 - - - - - - - 9 11 - - 9.8 

17 - - - - - 10 10 - - - - - - - - 10 10.5 - - 10 

18 - - - - - - 9 9 7 6.5 - - - - 11 10.5 9.5 - - 9.3 

19 - - - - - 8 8.5 8.5 - - 7 9.5 9 9 10 10 9.5 - - 8.9 

20 - - - - - 7.5 8.5 8.5 6 6.5 7.5 9 8.5 8.5 8 8 9 9 - 8.1 

21 - - - - - - 7.5 7 7 6 6.5 8.5 8.5 7 6 - - - - 7.5 

22 - - - - - - 7 5.5 6.5 6.5 6 6.5 8.5 5 - - - - - 6.5 

23 - - - - - - 4 4.5 - - - 4.5 5.5 5.5 5 - - - - 5 

24 - - - - - - - - - - - - 4.5 5 4.5 4.5 - - - 4.5 

25 - - - - - - - - - - - - 4 4.5 4.5 - - - - 4.3 

26 - - - - - - - - - - - - - - - - - - - - 

Av. - - 9.5 10 8.8 9.2 8.6 8.1 6.6 6.5 6.8 8.4 8.1 8.5 9.2 8.9 9.4 9 -  

Table 1.. Transcribed Table 19 from the 1975 publication, providing the widths of the strakes, where visible, at each 
frame-station (Data from Bruce-Mitford, 1975: Table 19). 

From the available data, primarily Figures 1 and 2 above, the three-dimensional position of each 

rivet, frame nail and gunwale spike nail, was plotted in Rhino3D using the width locations from both 

sets of plan drawings, and the height positions from both sets of profile drawings (Figure 3).  

 

 

Figure 3. Example view of the rivets plotted in Rhino3D. The vertical gaps represent the areas where frames were identified 
in the archaeological  excavation, which obscured the rivet positions. 

1.2 Rivet Alignment 

The data dictated that rivets were located on the basis of their internal head position, they were 

then given an initial orientation to suit their location in the hull - perpendicular to the assumed run 

of planks. An illustrative 3D PDF of this process is available for download here. 
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Having established the underlying rivet positions, as archaeologically published in visual form, the 
third source of data was consulted as a means to cross-check the published plan/profile rivet data 
from 1940 and 1975. From Table 19, at Frame 10, the strake widths are listed as 8, 9, 10.5, 11, 10, 
10, and 10.5 inches for strakes 1 to 7 on the starboard side. Figure 4 shows these strake widths in 
black, aligned to the rivet positions on starboard (right) side and they are clearly too narrow to 
match the rivets positioned as per the published construction drawings. The same strake widths 
(from Table 19) were then positioned relative to each other and shown in yellow mirrored to the 
port side for clarity. An additional two strakes are added at 11” widths, for the missing data from 
Table 19, this clearly shows a discrepancy between the potential gunwale height using the strake 
widths from Table 19, and the gunwale height as shown in all three versions (Science Museum 1940, 
British Museum 1967 and Handley 2016) of the reconstructed hull shape. 

 

Figure 4. Frame 10 with plank widths from Table 19. 3D aligned rivet positions are shown in red. Strake widths derived from 
Bruce-Mitford (1975: Table 19) are shown on the right (black) aligned to the rivets. On the left (yellow) they are aligned to 
each other. 

From Table 19, only four strakes survive at frame 13, all on the port side, and recorded as being 14, 
10.5, 9.5 and 10 inches wide for strakes 4 to 7 respectively. Meanwhile, Handley’s 2016 midship 
(Frame 13) girth (from Keel rebate to gunwale) measures 2.581m (8’ 5 5/8”). This interpretation of 
the ship utilised a girth comprised of 9 strakes, with equal widths of 1ft, with 1.3” overlap (Handley, 
2016: 7.2) 

Figure 5 shows the recorded strake widths from Table 19 for strakes 4 – 7 inclusive, with the rivets 
positioned as per the published construction drawings on the left side, and the 9 strakes at 12” wide 
with 1.3” overlap as proposed by Handley. However, neither version reach the gunwale, and a width 
of 12.5” would actually be required for Handley’s method. Furthermore, it is not normal to plank a 
clinker boat with nine uniform width strakes, a point that will be returned to below in the discussion 
of the plank widths (Section 2.1). 

It is clear from the discussion above and the initial modelling results that there are discrepancies 
between the recorded strake widths published in 1975 (Bruce-Mitford, 1975: Table 19), the 
published rivet location drawings (Figure 1 and 2), and the faired hull shape as proposed in the 2016 
interpretation. It should be noted here that some discrepancies are within the same datasets, for 
example the width of the keel in the 1975 publication is different in the plan, and in Table 19. 
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Figure 5. Frame 13 with plank widths from Table 19 on left side, and 9 strakes of 12” on right side 

The information available for the rivet positions provides the 3D location of each rivet fastening by 

plotting the plan and height location available from the existing drawings. To begin the process of 

working through the identified discrepancies, each rivet was located in 3D, then orientated 

perpendicular to the assumed face of the plank at that given location; the orientation of each rivet 

varied depending on its position along the strake (Figure 6). A provisional set of strakes were then 

lofted through the initial rivet locations as a temporary reference, and every individual rivet was 

then orientated perpendicular to its adjacent plank surface while maintaining the recorded location 

of the roves as shown on the available drawings. This had the result of moving the outboard ends of 

the rivet heads by as much as 2” (50.8mm) in some cases, but resulted in a set of rivets that 

accorded with the likely faces of the vessels planking. 

 

 

Figure 6. Rivet Orientation. Red rivets are in their original positions with unknown orientations. Black rivets are at the same 
location, but with the head oriented perpendicular to the generically assumed plank run at that location. 

1.3 Planking 

Once the rivets had been positioned and orientated, a revised digital strake was then lofted through 
the rivet positions (Figure 7). These digital strakes were created following a fair curve which passes 
through as many rivets as is possible. 
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Figure 7. View of digital strakes following initial lofting through the located and oriented rivet positions. 

It can be seen from the example shown in Figure 7 that the corrected faired strakes do in fact agree 
with the majority of the rivet locations. There are however a few remaining anomalies, returned to 
below, which have been assessed as being potentially caused by: 

a) Error in initial recorded location. 
b) Localised un-fair region of plank width. 
c) Localised distortions in original hull construction. 
d) Over fairing of original locations during production of published drawings. 

For example, one clear anomaly is the 16 magenta coloured rivets on the sixth strake between 
frames three and six (Figure 8). The blue lines are fair curves passing through the rivets and the 16 
magenta rivets clearly miss this curve. This can only be explained as a draughting error, or some 
unexplainable piece of construction in that section of the vessels hull shape. The former explanation 
seems the most likely. It may also be observed that while the recording of the rivet positions in 1939 
was meticulously done (for an account see Crosley, 1943: 110), the methodology involved (datum 
lines, plumb bobs, etc), over the distances required within the impression of the ship, followed by 
draughting to scale, will inevitably have resulted in a margin of error of some sort.  

Other localised discrepancies are more than likely a result of inaccurate recording of the original 
positions ( Figure 9), or a localised distortion in either the hull shape or plank width. Given the nature 
of the original archaeological remains, and the level of error inherent in the recording methods 
obligatory at the time, discrepancies such as this are probably inevitable. The identification and 
rectification of such clear discrepancies (e.g. Figure 10) was a key part of the process of digitally 
interpreting the rivet data in three-dimensions. 
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Figure 8. Example of a significant anomaly in a group of rivet positions. The blue lines represent fair curves passing through 
the strake lines described by the rivets and the magenta coloured set shown here seem likely to be misplaced due to a 
draughting error.. 

 

Figure 9. Examples of individual irregular rivet positions when compared to probable strake runs, most likely caused by 
recording errors of individual rivet positions.. 

 

Figure 10. Identified discrepancies in plank widths following modelling of rivet positions. In this case the probable line of the 
strake is indicated by the red dotted line, and the discrepancy can probably be attributed to a recording error, draughting 
error, or localised distortion.  
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1.4 Keel 

A major discrepancy exists between the published length of the vessel’s keel. Philips (1940a: 348) 
notes that the minimum length of the keel between the two recorded positions of keel-to-post 
riveted scarph joints is not less than 60 feet. The 1940 Science Museum drawings show a keel length 
of 18.29m (60 feet) between either post rivets. By contrast, the 1975 British Museum drawings 
shows a much shorter keel length of 14.24m (46 feet 8 inches) between both post rivets, with 
Bruce-Mitford (1975: 398) noting that the scarfs should be moved to the alternative position in order 
to provide for a flat keel plank, rather than a rockered one. The imposition of a flat keel during 
reconstruction for display was partially to blame for the incorrectly reconstructed shape of the 
Oseberg ship - with fatal consequences for the subsequent full-scale reconstruction, Dronningen, in 
1987 (see Bishoff, 2012). 

Preference in the interpretation presented here is for Phillip’s original dimension. This is seen as 
being founded in greater archaeological certainty through the locating of the scarph fastenings. 
Moreover, from a practical point of view the longer keel results in a shorter stem/stern post. These, 
given their extensive curvature are potentially harder to source and shape if longer, rather than 
shorter in length. The vessel also has a rockered keel, itself critical for manoeuvrability of such a 
relatively long, slender hull. The curvature of the keel-plank itself is likely to be achieved by allowing 
a relatively straight timber to bow under its own weight, because of its relatively shallow moulded 
dimension. 

A further discrepancy was discovered between the vertical positions of the garboard/keel rivets as 
published in 1940 and 1975 and the vertical position of the keel itself, as shown in the construction 
drawings. The original construction drawings, both the 1940 and 1975 versions used a keel profile 
which was straight from frame 6, aft to frame 19 before curving upwards to meet both stem and 
stern posts. The three dimensional positioning of the rivets indicated that the keel in fact had more 
rocker or curvature that originally assumed. Figure 11a shows how the rivets recorded in this area 
from the 1940 and 1975 construction drawings are significantly higher, than the location of the keel 
at the same point. As a result, the digitally modelled keel assumes a higher position, in accordance 
with the recorded rivets (Figure 11b). This results in the flat, or straight, section of the keel being 
between frames 10 to 16, with the curvature beginning at frame 10. The overall rocker in the keel 
has therefore been increased as a result of the correction of the published discrepancy. 

  

Figure 11a. Original flatter keel which does not confirm to recorded rivet locations and can be seen to drop below their 
vertical position. 
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Figure 11b. Bottom: Revised keel profile with additional rocker to match the recorded rivet locations. 

1.5 The Stem/Stern shape 

The located and aligned rivets in the 3D model provided for good results in lofting the majority of the 
strakes, along the majority of the length of the vessel. However, at either end of the hull the 
published rivet positions, when plotted, did not readily lend themselves to feasible lofting - for 
example the plank widths had become so narrow as to prevent them being secured to the posts with 
more than one rivet per plank. 

In relation to the vessel’s ends and with the above in mind, Philips observes (1940a: 348) that the 
complex positions of rivets in both ends of the ship where planking met both stem and stern posts 
made it difficult to determine the exact layout of planking, he offers the further observation (1940a: 
348) that “The management of the planking fore and aft in its relations to the stem and the stern 
posts must be left to experts.” 

Philips suggests a complex reversed or “re-entrant” curve for the gunwale of the ship forward and 
aft, stating it unlikely to be caused by the vessel spreading after burial, but more likely a deliberate 
feature of the design of the ship. He states the Sutton Hoo ship is a much more developed form of a 
ship, and if spreading were the cause it is remarkable that this occurred with such perfect symmetry, 
as the lines of the ship were not faired or idealised, but an actual record of the facts as they occurred 
in the ground.  

Anderson (1942: 83-85) discusses the “unexplained blunt-nosed finish at either end” and suggests 
these are in fact the result of spreading, as it would be both difficult and objectless to construct such 
a shape. Anderson is of the opinion that the Sutton Hoo ship was built with “normal pointed ends” 
based on the ease with which it is possible to correct the lines by continuing the stem and stern 
posts as shown in  Figure 12, and states that such a liberty would be far less serious than introducing 
some sort of blunt nosed finish for which, there is no evidence and which would involve some almost 
impossible juggling with the plank ends. 
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Figure 12. Corrected stem and stern shape proposed by Anderson (Anderson, 1942: p 84). 

Re-excavation of the site in the 1960s was unable to recover any additional information from either 
end of the ship, with 1.76m lost from the stern, and 2.2m from the bow, through a combination or 
natural erosion and human destruction (Bruce-Mitford 1975: 256). Accordingly, it is somewhat 
unclear what data was used to create the refined double-ended shape as illustrated in the published 
drawings of the ship in 1975 (Figure 2). The most likely explanation is that the positions of the rivets 
for both ends were faired and extrapolated by Colin Mudie during his subsequent re-iterations of the 
drawings. 

This view has been further confirmed through recent conversation with Tim Severin, who has had 
several replica vessels designed by Mudie. He noted that Mudie always stated his drawings were 
done to create the overall shape and appearance of the design, but it would be up to the ship builder 
to overcome any of the myriad small decisions, and modifications to actually build the ships.  

With this in mind, and the difficulties in interpreting the ends of the vessel mentioned by Phillips in 
his account of the ship, it is clear that the published interpretations of the rivet locations and 
resulting plank runs at either end of the ship are open to question. On the one hand the 1939/40 
plan (Figure 1) does not seem to take account of the spreading of the plank-ends as the hood-end 
fastenings have degraded. On the other, the 1975 plan could not record data from these areas and 
was forced to produce a faired set of rivets.  

This situation is reflected in Figure 13, which illustrates all of the 1975 published rivet positions. 
From reference to this it is clear that there are large areas of the vessel where the rivet positions are 
subject to uncertainty in the 1975 interpretation. This has implications for our current interpretation 
and reconstruction of the bow and stern of the vessel, and in particular the arrangement of the 
plank hood ends. Understanding these two critical locations at bow and stern is returned to in 
Section 2.2 below, but this serves as a valuable illustration of the potential dangers of taking the 
published data at face value, and of the time consuming work required to subsequently offer a viable 
alternative. 
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Figure 13. Plotted rivet positions. Top: Plan view of whole vessel. Bottom: Perspective view of the starboard bow. Black = 
Recorded in 1939 & 1967; Pink = Recorded in 1939, lost in 1967; Red = Position questionable or No evidence; Cyan = Moved 
in 1967. 

1.6 Internal Structure 

Little of the original internal structures of the vessel survived to be recorded in either of the phases 
of excavation. Frames were present only through the darkened impressions left behind in the soil, 
and via the variety of fastening type recorded in certain areas of the vessel. Much of the emphasis of 
this phase of work has been on the most accurate possible interpretation of the plank runs, partly 
because that is where the archaeological evidence was focused partly because the shell-based 
nature of the vessel’s construction sequence dictates that the frames take their shape from the 
planking that they are placed within.  

With this in mind, an approach of ‘minimal reconstruction’ has been applied to the interior of the 
vessel. Frame dimensions have been modelled according to the information provided by Phillips 
(1940a: 349-350, fig. 1); rectangular in cross-section, 3” moulded and between 3-5” sided. A set of 
26 frames were therefore added to the model, coinciding with the documented frame bolt positions, 
3” moulded and 4” average sided. Unlike Philips rendering of the frames, the heads were left with a 
plain, squared top.  All the frames have been secured at their head with an iron rivet, and with a 
treenail at each strake.  

The published archaeological evidence shows a minimum of 14 pairs of rowing thole pins, seven 

pairs located between frames 3 to 10, and seven pairs between frames 16 to 23. This would allow for 

28 persons rowing the ship. Alternatively, the thole pins may have been removed from the central 

area between frames 10 to 16 to facilitate the construction of the burial chamber, and this area 

could accommodate an additional 6 pairs of rowing thole pins. Such an arrangement allows for an 

extra 12 persons rowing, providing a full complement of 40 rowers. Simple thwarts have then been 

placed across the vessel, resting on each frame at a level corresponding with the foot of the 

gunwhale strake.  
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A significant area of future work is required to understand the exact disposition of the rowing, in 

relation to the overall hydrostatics and performance of the ship, thwart height, oar length, provision 

of space for rowers, etc. Some of this is addressed in Report 3, but is beyond the scope of this initial 

phase of modelling and testing to fully resolve.  

 

No reliable evidence of other internal structures were found - thwart risers, stringers, etc. Although 

it can be readily postulated that they must have existed on a vessel of this size and length, to provide 

it with adequate structural integrity. Phillips reports (1940a: 250) just a single item of internal 

structure: “a continuous trace of something like a side seat about 18in wide which ran all along the 

port side below the gunwhale strake. It tipped slightly downwards towards the ship’s bottom and 

must have passed under the thwarts as it showed no signs of any break in its continuity. Nothing like 

this was seen on the starboard side.” Nothing more is said about this timber, neither is it illustrated 

in any of the published interpretations, it may represent a thwart riser, although it seems overly 

wide, or simply a walkway at the sides of the vessel to facilitate moving fore-and-aft. The potential 

inclusion of a timber such as this, along with other internal structure, is therefore another important 

area of future research and one that is recommended to take place with direct shipwright input prior 

to the building phase. 
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2. Resolving Digital Discrepancies Through Practical Understanding 
The process outlined above allows for a feasible interpretation of the shape of the Sutton Hoo ship, 
based on the available archaeological dataset, to be arrived at; at least in terms of locating and 
orienting the rivets, and lofting fair clinker plank runs on the basis of the rivet locations. But two 
areas of question remain that are now discussed on the basis of practical boatbuilding knowledge as 
a means to resolve them: 

1. The widths of the planks in order to achieve the required girth of the vessel. 
2. The nature of the hood-end plank runs at the bow and the stern where the rivet locations 

are questionable. 

2.1 Plank Widths 
It is not possible to say with any certainty how an Anglo Saxon boatbuilder set-out the planking of 
the ship (for discussion of possible Viking-Age methods see Dhoop and Olaberria, 2015). However, 
the layout of the planks is the most important aspect in the appearance of a clinker-built boat or 
ship, apart from the basic shape of the hull. If the planking is lined-off well, the vessel looks correct 
and fine. If not, it can ruin the appearance of the boat. No written method can take account of the 
many variations in hull shape, and any measured or calculated method is usually “checked by eye” 
using battens prior to cutting any planking. The goal should be a planking pattern that gives a fair 
and natural progression from the midsection (widest girth) into the ends, with each strake tapering 
evenly and proportioned properly in relation to the others. 

In traditional boatbuilding, once the number of strakes per side is decided, in the case of Sutton Hoo 
nine per side, the next question is the proportional width of each strake. The garboard and next 
strake or two tend to be the widest, with narrower strakes around the turn of the bilge and the 
topsides. 

Topside strakes tend to be about 75% of the width of the garboard strake but vary according to hull 
form. With high deadrise and slack bilges the strakes can be more even in width at about 80 or 85%. 
Meanwhile a broad bottomed vessel, and tight or firm bilges tends to result in narrower topside 
strakes, sometimes as low as 65% the garboard strake width. The second or next strake out from the 
garboard strake, the “broadstrake”, is the same width as the garboard, at the midsection, followed 
by one or two strakes of intermediate width before the bilge and top strakes. 

On the Sutton Hoo ship, the midsection girth based on the available drawings is 2.7m (106.3 inches). 
A typical midsection strake proportions with nine strakes might therefore be 12.5%, 12.5%, 11%, 
11%, 10.62%, 10.62%, 10.62%, 10.62%, 10.62%, of the midsection girth. The garboard will 
provisionally be the same percentage of the girth at each station, however in the forebody area, and 
afterbody in the case of a double ended vessel, it is advisable to reduce the width of the garboards 
as far as it will comfortably go, so as to reduce any tendency for the strakes above to get squeezed 
too narrow as the girth rapidly diminishes towards the ends of the vessel. 

The sheer strake and the garboard are the two most important strakes; the sheer strake is visually 
important in defining the fair curve of the vessel, while the garboard provides the important 
foundation for lining off the remaining strakes above it. On a larger vessel, such as the Sutton Hoo 
ship, the sheer strake would typically be slightly deeper amidships and tapered slightly towards the 
ends, creating a lower edge somewhere between a line parallel to the sheer curve and a fully 
tapered plank. A typical sheerstrake may be virtually parallel to the sheer curve for a short distance 
amidships, gradually tapering towards the ends. The goal is for a fair line bearing a close 
resemblance to the sheer curve along its length, while not appearing too parallel, nor too sharply 
tapered. A typical width would be about 75-80% of the midsection width for the ends, perhaps 
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increasing to 85-90% for beamier boats, and tapering more sharply to about 65-70% for longer 
leaner hulls. 

If these planking proportions are applied to the Sutton Hoo ship, with a midsection girth of 2.7m or 
106.3 inches, the garboard and 2nd or broadstrake would be 13.3 inches (1’-1⅜” or 337.6mm), strakes 
3 and 4 would be 11.69 inches (11⅝” or 296.9mm) and the remaining five strakes would be 11.29 
inches (11⅜” or 286.8mm) The fore and aft ends would be between 7⅞” (200mm) and 9 inches 
(229mm) wide. A comparison between the available data, the proposed strake widths, and the 
dimensions eventually modelled, is set out in Table 2 and Table 3 below. 

Strake 
Number 

Width from Table 
19 @ Frame 13 

Rivet Spacing from 
Construction 

Drawing 

Strake Width 1967 2018 Project 
(Projected) 

2018 Project  
(Actual) 

1 N/A 12 ¼” 9 ⅛” 13 ⅜” 13 ⅜” 

2 N/A 11 “ 9 ⅛” 13 ⅜” 13 ⅜” 

3 N/A 11 ⅜” 10 ⅝” 11 ⅝” 11 ⅞” 

4 14” 10 ⅜” 11 ⅛” 11 ⅝” 11 ¾”  

5 10.5” 10 ¾” 9 ⅞” 11 ⅜” 12 ⅝”  

6 9.5” 10 ⅛” 11 ⅞” 11 ⅜” 12 ⅝” 

7 10” 12 ⅛” 12 ⅝” 11 ⅜” 12 ⅝” 

8 N/A 11 ⅜” 11 ¼” 11 ⅜” 12 ⅝” 

9 N/A - 12 ¾” 11 ⅜” 12 ⅝” 

Table 2. Comparative strake widths at midsection (Frame 13). 

Strake 
Number 

Width from Table 
19 @ Frame 5 

Rivet Spacing from 
Construction 

Drawing 

Strake Width at 
Stem 1967 

Strake Widths at 
Stem 2018 
(Projected) 

1 6” 9 ⅝” ? ” 9 ⅜” 

2 7 ½” 8 ¼” 30 ⅜” 9 ⅜” 

3 8 ½”  9” 14 ½” 8 ⅛” 

4 9” 8 ⅞” 12 ½” 8 ⅛” 

5 8 ½” 6 ⅝” 5 ½” 7 ⅞” 

6 7” 7 ½” 5” 7 ⅞” 

7 N/A 6 ½” 3 ⅛” 7 ⅞” 

8 N/A 6 ¾” 3 ⅛” 7 ⅞” 

9 N/A - 4 ⅞” 7 ⅞” 

Table 3. Comparative strake widths at the forward end. 

The plank widths listed above show deviation in width at individual frame stations. Such difference in 
the internal plank widths is consistent with the findings of existing research into the variability of 
internal plank widths in clinker built vessels (see Dhoop and Olaberria 2015). That research 
highlighted the rules of thumb that could be identified through careful examination of the 
archaeological remains of the 11th century Skuldelev 1 and 3 vessels, and the apparent division of 
the plank widths into three zones - bottom, bilges and sides - with each zone comprised of planks of 
similar widths (Dhoop and Olaberria, 2015: 104). The relative proportions of plank widths within 
these zones were found to be consistent along the hull of the vessel, and not restricted just to the 
amidships section (Dhoop and Olaberria, 2015: 105-6). It is proposed that a similar zoned 
arrangement of plank widths is therefore applied to the interpretation of the Sutton Hoo vessel, with 
proportions applied as outlined above. This is seen as a better fit with the archaeological record than 
simply dividing the vessel girth into equal proportions.  

Application of these projected strake widths to the midships area of the Sutton Hoo ship revealed 
areas for further analysis (shown in Figure 14)  in the three zones of bottom, bilges and sides as 
follows:  

● In the bottom of the vessel a discrepancy was found in the published garboard and 
broadstrake rivet locations and the proposed plank widths.  Reference to Figure 13 
illustrates this area with missing data, and close inspection of the plotted rivet positions 
revealed that the strake fair-line had been straightened to run parallel to the keel along the 
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central area, with the effect of moving the rivet locations inboard, thereby narrowing the 
planks. This was altered to provide a fair-run to the strakes, and in doing so moved the rivets 
outboard, thereby correlating with the projected strake widths.  

● Around the turn of the bilge there was a very close correlation between the projected plank 
widths and the plotted rivet positions. 

● At the sides of the vessel the projected top strakes were found to be slightly too narrow 
when compared to the widths recorded in 1939 and so were widened accordingly. 

Reconstruction of the topstrake (gunwhale strake) also raised an important question about its 
thickness. The 1939 excavation recorded the iron spikes used to attached the thole pins into the top 
edge of the gunwhale strake. These spikes had a diameter of ¾-1” implying a plank width of at least 
2” along its top edge to avoid splitting when driving the spikes into the edge of the plank. This 
contrasts with the rivets used in the plank overlaps which imply a plank thickness across the rest of 
the vessel of 1”. The gunwhale strake therefore appears to have been formed of a significantly 
thicker plank, and as such acted as as a true wale, helping to maintain the structural integrity of the 
vessel. 

 

Figure 14. Cross section of interpreted plank widths and rivet locations amidships (frame 13). Red indicates originally 
published rivet location, blue shows the rivet location following digital lofting and fairing of the strakes. The main alteration 
is in the bottom planking where the rivets have moved outboard. The additional thickness of the gunwhale strake is also 
visible.  

2.2 Hood Ends 

The nature of the plank hood ends (the point at which the plank ends are attached to the stem/stern 
post) provides a further area for discussion when considering the digital interpretation of the vessel. 
This comes in part because of the difficulty in discerning the exact nature of the plank runs from the 
published rivet positions. Published plans of the ship (Figure 1 and 2) have tended to run the lower 
strakes a very long way up the stem/stern posts, resulting in a crowded set of very narrow planks 
higher up. This can also be seen in the initial digital lofting of planks shown in Figure 7, and none of 
these planks match with the plank width ratios proposed in Section 2.1. 
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Later ship finds built in a Nordic clinker tradition, in areas as diverse as Denmark, Ireland and 
Norway, employed a ‘stepped’ stem/stern post to provide the hood ends with a vertical junction to 
the vessel ends (e.g. Skuldelev 1, 2, 3, 5 in Crumlin-Pedersen and Olsen, 2002). Meanwhile, the 
3rd/4th century AD Nydam ship has a more recognisable (to modern eyes) set of hood ends where 
the run of planks is tapered naturally into the stem/stern post, a practice repeated on the 9th 
century vessels from Oseberg and Gokstad. 

At Sutton Hoo, the surviving rivet positions, although difficult to interpret at the extreme ends, show 
no evidence for stepped hood ends, in the manner of later nordic vessels, towards the lower ends of 
the stem or stern posts. Likewise, the comparative evidence, although not directly contemporary, 
suggests that the hood ends on Sutton Hoo were probably similar in form to those seen at Nydam, 
rather than the later stepped examples. With this in mind, it is notable how low down the stem post 
the garboard strake hood ends are located on the Nydam ship (Figure 15), especially when compared 
to their positions in the published plank runs for Sutton Hoo (Figure 1 and 2). 

 

Figure 15. The Nydam Ship on display. The relatively low position of the garboard plank hood-end at the stern of the vessel 

can be clearly appreciated (Image: Per Àkesson). 

This lower positioning gave some clue as to how to resolve the crowded nature of the hood ends on 
the digital interpretation of Sutton Hoo. A cluster of rivets located relatively low down in the ship 
provide a likely position for the garboard hood ends, much lower than those proposed in 1939 and 
1975, but comparable to that at Nydam. A further cluster provides a likely location for the hood ends 
of strake 2 (‘the broadstrake’), again, much lower down than previously reconstructed. This in turn 
frees up more space along the rest of the stem post for the hood ends of the remaining planks to be 
of appreciably greater width, as might be expected, and to allow them to be secured by at least two 
nails to each plank, into the stem. A visualisation of this proposed revised plank run at the ends of 
the vessel is shown in Figure 16. 

Finally, some thought must be given to the nature of the stem/stern post above the sheerline. It 
seems likely that this protruded above the topstrake hood end for at least some distance (e.g. Figure 
1) and is one of the features that gives the vessel is distinctive visual appearance in subsequent 
reconstructions. But, as noted by the excavators of the site in 1939 (Phillips, 1940b: 183, 187), the 
stem and stern posts were completely rotted and therefore missing. The most appropriate 
comparative material for the potential length of the protruding part of the vessel’s posts seems to 
be the Nydam Ship (Figure 15). The published drawings of that vessel indicate that the stem post 
protrudes above the sheer-line, as a proportion, 30% of the distance from the top of the garboard 
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hood-end, to the sheer-strake/stem-post junction. The corresponding proportion at the stern is 32%. 
This offers a potential guide for any comparable stem/stern protrusion on the eventual full-scale 
build of Sutton Hoo, and is a clear area for future discussion because of the important visual impact 
of this area of the vessel.  

 

Figure 16. Revised, digitally lofted planks, providing a general overview looking from the starboard bow. In particular, 

attention may be paid to the hood end arrangement which has a much more even distribution of wider strakes, than in 

previous interpretations. 

3. Conclusion 

The process described above outlines how Phase 1 of the project has worked through the available 
evidence to allow a digital interpretation of the Sutton Hoo ship’s hull to be created. The main 
outputs of this are presented below in the form of overall plan, profile and cross-sectional views of 
the vessel (Figures 17-19). A formal construction and lines plan for the minimal reconstruction of the 
vessel can be found here. Areas for future investigation have been highlighted throughout this 
report that should be addressed prior to full-scale construction. This is seen as an inevitable part of 
the process of consultation inherent in the project, and comprising an important part of the overall 
process of Experimental Boat and Ship Archaeology.  

Moreover, it is the author’s belief that the process of review and appraisal of the available records of 
the ship has improved its interpretation by resolving a number of different discrepancies, variously 
present in both the 1940 and 1975 records. This has resulted in a fairer planking-run, more practical 
strake widths, greater rocker to the keel, and revised hood-ends. Finally, it is our belief that while 
the digital modelling undertaken in Phase 1 has been of immense value to the Project, the 
understanding of the vessel could be further and critically improved through physical 
scale-modelling as a means to test features of the proposed design - e.g. overall plank runs. This 
would provide the logical link between digital interpretation and full-scale construction. If situated 
within the Longshed it would have added value through the provision of  additional public 
engagement. 
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Figure 17. Plan and profile view, tholes in central area for which there was no original evidence are shown in red. 

 

 

 

 

Figure 18. Overhead view from the port bow, showing the minimal reconstruction of the hull with frames only, and no 
tholes in the central area. 
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Figure 19. Midship sections. Top: Internal, looking forward. Bottom: External, looking forward.  
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