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1pLAB Shape: Longitudinal and Transversal Control
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Floaters don’t really need a shape
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Shape: Longitudinal and Transversal Control

J. Rlchard Steffy Ship Reconstruction
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Shape: Longitudinal and Transversal Control

And if you have really large trees...
=
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h1pLAB Shape: Longitudinal and Transversal Control

Otherwise:

Expanded dugouts are probably the root of all
assembled cratft.

J. Rlchard Steffy Ship Reconstruction Laboratory
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6 Types of water transport

Figure 2.1 A Five stages in the shell sequence of building
a medieval boat. After Crumlin-Pedersen,

1983b: fig 5.

keleton sequence: planking-up on an

y erected framework. (Drawing:

NMM Greenwich.)

This fundamental distinction (Fig. 2.1) has long
been recognised for plank boats (Hasslof, 1963;
1972: 27-72; Greenhill, 1976: 60-88), but it may also
be recognised in boats built mainly of hide and of
bark (McGrail, 1985). Most known examples of hide

boat have been thought of, and built, as a wooden or
bone framework around which a waterproofing
envelope is wrapped (see Hornell, 1946: 111-80), but
the S. American pelota (Hornell, 1941b; 1946: 150-4)
and certain N. American (Adney and Chapelle, 1964:
219-20) and Mongol (Sinor, 1961: 158) boats were
built as a watertight shell of hide (‘a leather bag’)
which was sometimes, but not always, reinforced by
inserted framework. Bark boats conversely, have
generally been built in the shell sequence (Hornell,
1946: 182-6; Greenhill, 1976: 124-8; Birdsell, 1977),
but there is some evidence from Sweden, Siberia and
British Columbia that boats were built there by
sewing or lashing bark to a pre-crected frame
(Brindley, 1919; Humbla and von Post, 1937: 11;
Eskerdd 1956: 71; Hansen and Madsen, 1981: 4-5;
Westerdahl, 1982).

On the other hand, the existence of shell-built
bundle boats (for example, of reed) secems unlikely, as
an outer waterproofing layer has to be applied to the
framework of bundles to turn this form of
construction into a boat — and this is the skeleton
sequence.

These two groups of boats, shell-built and
skeleton-built, may each be subdivided according to
the techniques the builder uses when converting his
material into a boat. If we disregard modern
boat-building materials such as metal, GRP, cement
and the inflatables, the principal materials from which
boats are and have been built arc logs, reeds, hide,
clay, tar and bone/antler. Three main techniques may
be identified, which builders have used to convert
these materials into a boat:

1. Reduction (or subtractive technique). The raw
material is reduced in volume as in the hollowing
of a log to make a logboat or in the fashioning ofa
log to make a keel.

J. Rlchard Steffy Ship Reconstruction Laboratory




BUIE L DENG
SKIN-ON-FRAME

B AN TS

Narrowing of the bottom

Rising of the bottom Ime/ 0

‘ix-—/B:«" ~,__-,—// '
‘wﬂ\‘._r__———f
NS -

L A

Narrowing of the bottom

J. Rlchard Steffy Ship Reconstruction Laboratory



h1pL N3] Shape: Longitudinal and Transversal Control  [PREEeR

3~ﬁ£%ﬁ4wwﬂ%w£%4ﬂ@&
- B o s
| 7

L&‘! oo fle ; Lo Pcr(j/ L . g"é\‘"'ﬁ"“(‘cﬂ?“

From the second half of the 14" century ships were built in Italy based on a small
number of measurements:

length of keel and spring of stem and stern posts,

maximum beam (larghezza in bocca),
depth of hold (puntale),
width of the bottom measured between the bottom stringers (larghezza in fondo),

with of the master frame measured 3 feet above the bottom (trepie), and

S T A

width of the master frame measured 6 feet above the bottom (seipie).

(Andersen 1925; Bellabarba 1993, 1996; Bondioli pers. comm. 2008).

J. Rlchard Steffy Ship Reconstruction Laboratory
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. Longitudinal and Transversal Control

Fig. 5. This plate from Vial du Clairbois’ text shows two well worked out body plans of strikingly different
types of ships. While the methods of developing these sectional shapes is dependent on geometric procedures,
they are also subject to predetermation of stability and by hydrostatic analysis.

J. Rlchard Steffy Ship Reconstruction Laboratory
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s JMIWNE]  Construction techniques

Definitions:

Sewn — continuous thread, holes pierced as one
sews (skin craft).

Laced — continuous thread, pre-drilled holes;
possible tightening/untightening (wooden craft).

| ashed — discontinuous thread.

J. Rlchard Steffy Ship Reconstruction Laboratory



Lashed, sewn and laced

Ships with sewn planks have been recorded from the late second millennium BC to
recent time. To lace planks together seems to have been a solution found in many
different places and spread through several regions, from Northern Europe to the
Mediterranean, and on African and Asian coasts, rivers and lakes.

8 &

J. Rlchard Steffy Ship Reconstruction Laboratory



hlpL N3] Construction technigues

A number of ships have been found in the Mediterranean, dating to the Archaic Period,
with some common characteristics: hull planking at least partially sewn, small keels, and
frames with a round section with notches opened on the base to allow the passage of
longitudinal caulking rolls pressed against the seams in the interior side.

Place Jules Verne 9

J. Rlchard Steffy Ship Reconstruction Laboratory
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s JMIWNE]  Construction techniques

Lashed and sewn boat traditions are widely spread through the planet:

* Norway, Sweden, Denmark, Finland, Estonia, and the White Sea area of
the former Soviet Union (Karelia and the Kola peninsula).

* Indian Ocean

Adriatic Sea and Po Valley

India

Sri Lanka

Southern Arabian Peninsula

Persian Gulf

Red Sea

East Africa

J. Rlchard Steffy Ship Reconstruction Laboratory



s JMIWNE]  Construction techniques

Accounts of lashed boats are abundant in historic
documents and ethnological studies:

Sometime in the 9th century BC, Homer refers in the Iliad that after nine years of
siege 1in Troy the Greek fleet was 1n a very poor condition: the ship’s strakes were
rotten, and their lashes distended.

Both Varro (1st century BC) and Pliny the Elder (1st century AD) seem to have
understood what Homer meant.

There 1s archaeological evidence suggesting that Greek ship’s strakes were laced
(Pabuc Burnu).

For historic references see Pomey...

J. Rlchard Steffy Ship Reconstruction Laboratory



Boats being sewn in the inner Finnish area, from a woodcut in Olaus Magnus
(1539, 1555).
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h1pLAB Construction techniques

Basic principles:

1. Hull planks laced,;

2. Shear stresses absorbed by dowels;

3. Caulking secured by lacing over the seems;
4,

Frames lashed.

J. Rlchard Steffy Ship Reconstruction Laboratory
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- - - g —[;9:— !
Basic principles: | "

1. Triangular holes;
2. Caulking holes with conic pegs.

Saami tradii
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s JMIWNE]  Construction techniques

Basic Stresses:
General:
Torque,;

Sagging;
Hogging.

Local:
Tenslle stress;
Compressive stress;
Shear stress.

J. Rlchard Steffy Ship Reconstruction Laboratory
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Compressive stress
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Torsion >

Fig. 7

J. Rlchard Steffy Ship Reconstruction Laboratory



NN  Construction techniques

Sagging

Reconstruction of boat 1, North Ferriby.

J. Rlchard Steffy Ship Reconstruction Laboratory



h1pLAB Construction techniques

Hogging

Reconstruction of boat 1, North Ferriby.

J. Rlchard Steffy Ship Reconstruction Laboratory



s JMIWNE]  Construction techniques

Basil Greenhill’s three examples:

 Laced plank boats from the Bronze Age (Ferriby);
 Laced logboats (Bay of Bengal);
 Laced plank boats of the Saamish (Lapland).

J. Rlchard Steffy Ship Reconstruction Laboratory



s JMIWNE]  Construction techniques

1. Laced plank boats from the Bronze Age (Ferriby);

Remains of three boats;

Dating to about 1300 BC;

~lat bottomed (3 strakes) w/ 2 side strakes;

Ends closed with transoms

The most complete thought to have been 15.35 m long;

J. Rlchard Steffy Ship Reconstruction Laboratory
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h1pLAB Construction techniques

2. Laced logboats (Bay of Bengal);

Still in use In the 1950s:

Round bottomed (logboat base) w/ 1 or 2 side strakes;
Ends closed with transoms or stem and sternposts;
The largest around 11 m long w/ 2 m beam.

J. Rlchard Steffy Ship Reconstruction Laboratory
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2. Laced logboats (Bay of Bengal);

J. Rlchard Steffy Ship Reconstruction Laboratory
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h1pL AB Construction techniques

3. Laced plank boats of the Saamish
(Lapland).

Earliest is Hjortspring (41 c. BC);

Still in use in the 1950s;

Keel and posts; light ribs;

V-bottomed with Hard chine;

The largest around 8 m long.

sewing material roots of some trees, like
spruce or pine

J. Rlchard Steffy Ship Reconstruction Laboratory
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Mortise and tenon construction

Laced ships are mentioned and have been
found around the Mediterranean in the
archaic period: Egyptians, Etruscans and
Greeks laced the planks of their vessels

together.

J. Rlchard Steffy Ship Reconstruction Laboratory
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Romans, however, used a different technique to join the planks of
their ships.

J. Rlchard Steffy Ship Reconstruction Laboratory
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They called it “Phoenician joints”.

PHOEMNICIAN TEHNOWN
IOINT

Figure 1030, Schewatic reconstraction of Cato's oil-press disk (orbks olearium ) seith
“Phoenician joimts” (courtesy A. W, Slessmyk)

J. Rlchard Steffy Ship Reconstruction Laboratory



h1pLAB Construction techniques

This type of joinery has been
found in the Middle East, on
a table dating to around
1700 BC.

Figure 10.28. Wood table constructed with pegged mortise-and-tenon joinery found in Tomb H
at Jericho (Middle Bronze [1B): (A) top; (B) underside; (C) elevation of end; (D) section; (E)
reconstruction of underside (from Kenyon 1960: 462 fig. 198; courtesy British School of

Archaeology, Jerusalem)

J. Rlchard Steffy Ship Reconstruction Laboratory



h1pL VY] Construction techniques

Figure 10.29. Detail of pegged mortise-and-tenon joints connecting frame to table (from
Ricketts 1960: 530 fig. 229: 1; courtesy British School of Archaeology, Jerusalem)

J. Rlchard Steffy Ship Reconstruction Laboratory
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And has been consistently used in the Mediterranean throughout the
Roman period, from the 4th century BC to the 7th century AD.

Caligula’s barges.

J. Rlchard Steffy Ship Reconstruction Laboratory



hlpL N3] Construction technigues

It consists of a labor-intensive, extremely sturdy and versatile method
to edge-join the ship’s hull planks with pegged tenons inserted in
mortises opened on plank’s edges..

J. Rlchard Steffy Ship Reconstruction Laboratory
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The earliest archaeological example
dates to the 14t century BC. A small
portion of the hull of a merchant ship

fount at Uluburun, Turkey, showed
that the garboards were connected to
the keel and second strake planks
with mortise and tenon joints.

J. Rlchard Steffy Ship Reconstruction Laboratory
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F1G. 3-31. Cross section of the Kyrenia ship’s hull at amidships.

J. Rlchard Steffy Ship Reconstruction Laboratory



Epave de la Bourse de Marseille (c. 200 BC)
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Iberian Ships

The oceangoing ships of the Iberian Peninsula seem to be Mediterranean
ships with North Atlantic reinforcements.

J. Rlchard Steffy Ship Reconstruction Laboratory



Medieval Ships: Baltic and North Atlantic

J. Rlchard Steffy Ship Reconstruction Laboratory



h1pL N3] Medieval Ships: Baltic and North Atlantic

-

" Zwammerdam 3

Lapstrake Construction

Al - _f'ﬂ'—

One of the types of boatbuilding that developed from
extended dugout construction was lapstrake building.

Zwammerdam 3

J. Rlchard Steffy Ship Reconstruction Laboratory



hlpL AB Medieval Ships: Baltic and North Atlantic

One of the earliest examples of
an assembled boat built with
overlapping planks is the 4%
century BCE Hjortspring Boat,
which has two lapstrake planks
laced per side.

J. Rlchard Steffy Ship Reconstruction Laboratory



Discovered in Denmark 1921

Deposited after 350-300 BC (an offering):
war vessel?

13 x 2.1 m (16 w/ bow and stern
projections)

Paddled

10 paddlers on each side
Bottom plank

Bent hazel branches for frames
2 strakes on each side

Sheer strake includes the caprail
Stanchions and crossbeams

J. Rlchard Steffy Ship Reconstruction
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h1pL JiV8] Medieval Ships: Baltic and North Atlantic

Definitions

Clinker-built: shipbuilding method in which the
strakes overlap and are fastened together with
rivets or clenched nails bent over metal washers
called roves (Viking ships).

Lapstrake: shipbuilding method in which the strakes
o f overlap and are fastened together with clenched or
mememmamer | double-clenched nails (Cogs).

e Land: the surface of the plank overlapped by the
plank above it.

before inserting the nails

Fig 4. In Medieval West Slavic ships the overlapping planks
are normally held together by “ti Is", small d
pegs with a conic head on the outside and a wedge on the
inside of the planking. The seam is made watertight by
placing moss or a mixture of wool and moss as luting in a
groove before inserting the treenails.

J. Rlchard Steffy Ship Reconstruction Laboratory



h1pL N3] Medieval Ships: Baltic and North Atlantic

Some scholars, like Basil Greennhill, suggested that the use of cleft planking —
widespread in the North of Europe — made lapstrake building almost a
natural solution because untrimmed cleft planks are triangular in section.

CLINKER CONSTRUCTION

Laps are usually
beveled.

asteners lock each plank to
its neighbor.

J. Rlchard Steffy Ship Reconstruction Laboratory
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There is a consistent evolution in this shipbuilding tradition, shown in a number of
shipwrecks, all rowed (there is scarce evidence for the use of sails in northern
Europe before the 8™ century):

Hjortspring (4" century BC)
Bjorke boat (c. AD 100)

Nydam oak boat (c. AD 320)
Gredstedbro boat (AD 650-650)
Sutton Hoo ship (AD 600-625)
Kvalsund (c. AD 700)
Graveney boat (c. AD 900)

J. Rlchard Steffy Ship Reconstruction Laboratory



| hlpL AB Medieval Ships: Baltic and North Atlantic

The boats of Nydam, Gredstedbro, and Sutton Hoo may represent variations of
the boatbuilding traditions of the peoples who invaded Brltaln from North
Germany and Denmark from AD 400 to AD 600. |
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Discovered in Denmark 1863; Nydam Oak Boat ™

h1pL JiN8] Medieval Ships: Baltic and North Atlantic

Built AD 310-320;

Deposited after 350 AD (an offering): war vessel,
30 x 3 x1.3 (deep) m;

Not sailed: there was no mast step;

15 rowers on each side,

Keel strake tapering at ends, where it meets the
POSts;

11 strakes, all 1 solid plank of oak;
Sheer strake includes the capraill;
Frames lashed, resting on cleats;

007 NYDAM

Quarter rudder not fixed to the hull, small tiller
stanchions and crossbeams.

J. Rlchard Steffy Ship Reconstruction Laboratory




Sutton Hoo

Discovered in England 1939;

Deposited around AD 650 (a burial);

27 x4.5x1.5 (deep) m;

Had a keel plank - not sailed - no maststep;
20 rowers on each side;

Keel plank riveted to the posts;

9 strakes of oak;

Frames treenailed to the planks, resting on
cleats;

Caprall independent from upper strake;
Quarter rudder not fixed to the hull, small tiller.

Tl

J. Rlchard Steffy Ship Reconstruction Laboratory



h1pL JiN8] Medieval Ships: Baltic and North Atlantic

Both the Kvalsund and Barset boats have remains of
lashing and lacing:

The Kvalsund boats (18 m and 9.56 m) have the frames
lashed to the lower strakes’ cleats (to the upper strakes
with treenails and iron spikes); [c. AD 700]

The Barset boat has the upper strake laced to the strake

g:’/ 5 s & = -
below. [c. AD 825] s 1 f
7 A
i S ==
i 4 :
&5 - [;.‘2;'}' = 2
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The Kvalsund boats (18 m and 9.56 m long) have the frames lashed to the lower
strakes’ cleats (to the upper strakes with treenails and iron spikes):

J. Rlchard Steffy Ship Reconstruction Laboratory



h1pL YNl Medieval Ships: Baltic and North Atlantic

Kvalsund Il

Discovered in Norway;
Deposited around AD 700 (an offering);
18.3 x3 m;

Had a deep keel - could have been sailed:
there was no maststep;

10 rowers on each side;:
T-shaped keel;

8 strakes of oak;

Sheer strake includes the capraill;

Bite (cross-beams);

Quarter rudder not fixed to the hull, small
tiller.

J. Rlchard Steffy Ship Reconstruction Laboratory
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s WY  Medieval Ships: Baltic and North Atlantic

The Barset boat (c. AD 825) has the upper strake laced to the strake below.
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The Barset boat has the upper strake laced to the strake below.
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“Uh-uh-uh-uh-uh, ... Question. Can anyone here tell me
what Hanson there is doing wrong with his elbows?”

J. Rlchard Steffy Ship Reconstruction Laboratory



http://home.online.no/~joeolavl/viking/
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fingerprints
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‘Everyone can just put down their loot and plunder, and
ven {Were- yes, old Sven. who was in charge of reading
the tide chart—has something to say to us all.”

J. Rlchard Steffy Ship Reconstruction Laboratory



Viking Ships
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c. 35 men
s00-950

©.22 % 3.2 % 1.0 m

Skuldelev S c. 26 men c. 16 men

e. 1000 17.4 3% 2.6 3 1.1 m <. 1100 10.3 x 2.4 x 1.0 m

e. 1000

Hedeby 1 c. S0 men

11eh century . 30 % 3.0 x 1.6 m

Fig 6. Silhouettes of warships of the 10th and 11th centuries
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Viking Ships

1-Cargo
2 —War
3 —Cargo
5—-War

6 - Fishing
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approx. 15 knots

Helge Ask *
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By 1400 it seems that most typologies sailing in the Baltic and North Atlantic worlds
belonged to two shipbuilding families: shell-based lapstrakes (hulks?), and bottom-
based cogs.
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Two-masted ships are mentioned in the North of Europe for the first
time in 1410 (England).

Early in the 15" century (England), first mention in England and
designated karague (an Arab word).

It seems that the larger two-masted cocche were called carracks in the
north, after 1410.

England.
Four-masted
ship, Warwick
Roll, c. 1485.

J. Rlchard Steffy Ship Reconstruction

England. Battle between carracks. Warwick Roll, c. 1485.

Laboratory



Strake
(composite planking)
e

masted ships seem to have been lapstrake built .
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1400s — Northern Europe
Archaeological record: the Newport Ship, 1469.

J. Rlchard Steffy Ship Reconstruction Laboratory



Large Merchantmen

Questions?
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