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The Lisht

mbers:

A Report on Their Significance

by Ch

GLOSSARY

Buttjoint: The joining by abutting of the ends of twe timbers.
Central plank: In ancient Egyptian hull construction, the central
plank was thicker and stronger than others in the hull. It is
analogous in functien to a keel.

Floor timber: A framing member that was centered over the keel
or central plank and whose arms spanned both sides of the
bottom of the hull.

Frame: An assemibly of transverse timbers that supported hull
placking.

Keelson: An internal keel, mounted ou top of flcor tmbers a
above the keel or central plank, that provided additional longs-
udinal strength to the hull.

Lashing: The use of rope ar Woven strips to connect timibers.
Morfise-and-teson Jjoint: A joint between two thinbers m which a
1g mortises i the

tenon was inserted into aligned, correspon
timbers.
Sapwood: The outer part of a tree trunk that contains the iving
cells in the growing tree, Usually there is a distinct difference
in color between the sapwood and heartwood {inner part of a
tree.
Searf A type of joint formed by notching or angling twe tim-
bers so that they interlocked to form a confinuous piece
Seam: ‘The longitudinal line or joint between two planks.
Shell-first construction: A method of hull construction in whic
a planking shell was established before frames were erected.
Side peps: Wooden pegs with a rectangular or square section,
inserted into mortises beside tenons in order o lock them in
place.

Skeleton-first construction: A method of hull censtruction o
which frames were erected on a keel before planking was put on.

o from bow tostern.

Strake: A continvous lineof planks extending

3973

Introduction®™

Forty timbers found during recent Metropolitan Museum of
Art excavasions at Lisht, and more than fifty others fron earlier
Metropolitan Museum excavations, have beenidentified as parts
of a vessel or vessels, broken apart and used as foundations for
roadways and ramps around the Middle Kingdom pyramid of
Senwosret I A frame was included among the timbers found
during 1914 excavations, and a model boat from the mastaba of
Imhotep was excavated that same season and is included in the
evidence considered here. The recording of the timbers, frame,

and model boat permits nautical archacologists, wheo study ail
aspects of ancient watescraft and human exploitation of bodies
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af water, to evaluave hull construction and shipbuiiding technol-

ogy of the mmlc Middle Kingdom. Until about 1000 A.D.,
shipwrights used shell-firse b E%:m rechniques, which relied
Upos mr:% mog, rather .,:;w mrﬁJo to determine a vessel’s
m to shape, with as much as 70
ioted, and fitted together one board
at a rime wacﬁ r?, r w ar center plank up the m.&mm of the hull.
gmm fastenings, whether rnord mu& ~tenon joints or 2 form of
sewing or _mur_x_ﬁ, created a s r Mzwnwﬁuw framewark, and

P b wmwz ally finished chell

ot _53 of ship construction
val period, when shipwrights
backbane and erected frames

mw::nm were ing
to provide support for
can be traced badk o«
began to use the kee! as the
before planks wer m:m;_f@ i _m ks on seech skeleton-first hulls are
?Er@ into shape, rather than carved, 2nd are much thinner than
those on shell-firss ves

Egyptian n?::ﬁ; st began building shell-first wooden
boats at least five thousand years ago. Foreign andd massive ma-
terials used in the construction of ,u:% Cﬁﬁmmn Period royal
tombs show us thatthicancient & ians hadanefficientsystemn
of water rransport, This contribution m@o:omm on ancient Egyp-
tian hull construction through a brief arnanLo: of physical
vemains of vesscls, discusses the Lisht timbers in detail, and
provides illustrations #nd a catalogue of some of the Lisht
timnbers.

:_J\_‘ C'
fL

The Lisht timbers beionged to one or more sturdy, riverine
freight vessels. Beoa ;/5.:_ hoats were built o v LGSEW

v offer a chance to mwmmimwm
sy ptians may have dealt with problems
of stress in seafaring vessels, Such hudls had to be capable of
absorbing the great stress of sea Journeys, and it 1s likely that
w ey shared many features with riverine freighters responsible
QBJ@OHE:Q thous :5@ of kilograms of stone and foodstuffs
rm tength of Bgypt and beyond. Representations of riverine
nd scagoing vessels of ancient Egypt exist, but we do not
know how such vessets were builr, Although the tmbers from
Lisht zre disasserubled, they offer & unigue opportunity to study
construction methods.

The Lisht material is particalarly valuable since Egyptology
has focused attention: on ceremonial procedures and records
associated with burial, and it is almost entirely through this
filter that we are offered a glimpse of daily life. Because life in

K
Egypt centered on the Nile, boats played a crucial role in the

the strai YV CATE
about how the ancieng ¥

r-r !—s-j ~r

B.'}
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APPENDIX: LISHT TIMBERS

transport of food, raw materials, administrators, and royal per-
sons, Reliefs such as those from the causeway of Unas depicting
the transport of grapite columns from Aswan to Saqgara by
freight vessels are rare.??* Most vessels shown in reliefs ars
pleasure or ceremomial types, but we are also blessed with a
number of boatbuilding scenes painted and carved on tomb
walls. 2%

Autobiographics carved in tombs also provide clues to the
construction and use of ancient vessels; for example, during the
Sixth Dynasty, Weni described his voyages to bring architec-
tural elements for the royal pyramid complex and mentioned
how many and what kind of boats he took.226

Hatshepsut’s great temple at Deir el-Bahri provides illus-
trated descriptions of the transport of her two great obelisks;
the construction of these vessels has been a center of controversy
for many years.”” The recent analysis of problems in transport-
Sm the Colossi of Memnon points out the advantages of look-
ng at construction techniques in solving such problems.??8

Other clues can be gleaned from administrative records, Re-
cords of the dockyard workshop of Senwosret 1,229 another
royal dockyard in the New Kingdom, > and Janssen’s interpre-
tation of Ramesside words and prices for ship's parts?? offer
opportunities to investigate both the construction of watercraft
ang their position within Egyptian culture.

Representatdons, written descriptions, and even graves attest
to some of the featares of these ancient boats, but the physical
remains of Egyptian vessels provide us with the best opportu-
nity to evaluate hull construction. Eight ancient vessels are
available for study: the two Cheops hulls of the Fourth Dynasty
that were built, disassembled, and buried in stone pits beside
the pyramid of Cheops at Giza,>*? timbers at Lisht from what
appcar to be freight boats of the carly Twelfth Dynasty (ca.
1650 B.¢.), 2% four (of six} ceremonial vessels of Senwosret 111
(ca. 1840 B.c.) found at Dahshur,>** and the scant remains of a
Hellemstic period beoat from Mataria, a Cairo suburb.

One of the Cheops hulls (Cheops I} has been excavated and
reconstructed; > the other {Cheops 1I) is known solely from
photographs taken during a nondestructive Eﬁwmmwmmos of its
scaled pit. 2 Both vessels are built on a massive scale and made
of imported wood, probably cedar. The smallest hull plank in
the 42 m long Cheops I vessel is more than 7 m long and 10 cm
thick. These two hulls are unique, not only for their great age
and size, but also for their manner of construction. Small mor-
tise-and-tenon joints and rope lashing at strategic points held
the planks together untl] more rope was laced across the inside
of the hull, sewing the planks together.

There are many different types of sewn vessels throughout
the world, but unlike the Cheops hulls, their lines of sewing
tollow plank seams, The Cheops hulls arc held together primar-
ily by rope threaded through V-shaped lashing mortises across
the inner hull, perpendicular to plank seams. Although we do
not know why the Egyptians built the hulls this way, it secms
probable that ease of dismantling played a role. [t is also possible
that cross-hull lashing may be related to construction techniques
used to build papyrus rafts from bundles of reeds lashed to-
gether across the width of the raft.

In the excavated Cheops I hull, we can see the application of

established principles in boatbuilding. Shipwrights determined
a center line, and built up the sides of the hull symmetrically
with intricately shaped planks joined with o cm long tenons
and lashed together with sooo m of rope. The hull is graceful,
and mgjestically proclaims the skill of its designers, shipbuilders
of about 2500 B.C.

About 1950 8.C., one or more sturdily constructed vessels
were broken up to provide tmbers for road and construction
ramp foundations at the Middle Kingdom pyramid of Senwos-
ret I The Lisht timbers, carved of local wood, demonstrate a
previously unknown manner of hull construction using plaited
lashing rather than sewing, intricate scarfing of timbers, and
deep mortise-and-tenon joints. A large frame, designed as an
integral part of the hull, was also found at Lisht and provides
us with more information about the nature of these robust
watercraft.

With the Dahshur boats of about 1850 B.., we return to a
ceremonial type of vessel. Four of six 1o m long beats, exca~
vated in 1894, are available for study today.®¥ Built of cedar
planks and held together by mortise-and-tenon joints, these
hulls retain only vestiges of lashing and some ambiguous dove-
tail fastenings that may not be ancient (see p. 104). Nonetheless,
they clearly remain within Egyptian boatbuilding traditions
shown in both earlier hull remains and representations.

The same boatbuilding traditions are evident in a Greco-
Roman hull discovered during 1987 sewer pipe excavations in
Mataria, a Cairo suburb. Sections of the hull were preserved,
although conservation and recording techniques have obscured
vital features. But it is clear that a new phase of boatbuilding
had entered Egypt. The hull was buile along traditional river-
craft lines, using planks of local wood carved in shapes that may
be traced back to the Cheops hull, but a dramatic change in
fastening methods occurred. Mortise-and-tenon joints werce
locked in place with pegs through the plank thickness, a method
Pharaonic shipwrights had avoided almost entirely.

24 G, Goyon, “Les navires de transport de la chaussée monumentale
d&’Ounas,” BIFAO 69 (1977} 11-41.

#5 For exarnples see D. Kessler, “Zur Bedeutung der Szenen des tiglichen
Lebens i den Privatgribern (I): e Szenen des Schiffsbanes und der Schif~
fahrt,” ZAS 114 (10871 50-88; G. Steindorfl, Das Grab des T¥ (Leiprig,
1913}, pls. 11920,

226 Lachtheim, Ascient Fgyptian Literatre 1, 23—22.

#27 See, for example, G. A. Bailard, “The Egyptian Ubelisk Lighter,”
Mariner’s Mirror 27 (1947): 200-306; and C. V. Solver, “Egyptian Obelisk
Ships,” Mariner’s Mireer 33 (1047): 39-43,

228 ]. V. Wehausen, A. Mansour, M. C. Kimenes, and F Stross, “The
Colossi of Memmon and Egyptian Barges,” Interaational Journal of Nautical
Archacolegy +7 (1988): 295-310.

=22 W K. Simpson, Papyrus Reisner II: Accowrtis of the Dockyard Workehep at
Titds in the Reign of Sespstris I {Boston, 1965).

#0 5. R.K. Glanville, “Records of a Royal Dackyard of the Time of
Tuthmosis Il w»mﬁmu British Museum. {00s6,” Part I, ZAS 66 (To31):
10521 Part I, ZAS 68 (19323 7-41.

LS Tmmvnz Cammodity Prices froni fhe Rasessid Period (Leiden, rovs).

2P Lipke, The Royal Ship of Cheops, British Archaeological Reports
international Series no. 225 (Oxford, 1084); A. M. Abubakr and A. Y,
Mustafa, “The Puncrary Boat of Khufu,” Beindge zur doyptischen Bauforschung
und Altertumskunde 12 (1971): 1-16; M. Z. Nour, Z. Iskander, M. 5. Osman,
and A. Y, Moustafa, The Cheops Boats {Cairo, 1966).

233 . Haldane, “Boat Timbers from El-Lisht: A New Method of Ancient
Egyptian Hull Conseruction, Prelinsinary Report,” Martners Mirvor 74 (1988);
141-52.

24 De Morgan, Dahchour 1, 81-83; C, Haldane, “A Fourth Boat from
Dashur,” AJA 88 (1984): 18g; C. Haldane, “The Dashur Boats,” (M. A
thesis, Texas A&M University, 1084); D. Patch and C. Haldane, The Pharach’s
Boart at The Carnegic (Pittsburgh, 1090).

23% Seen. 232

6 ¥ El-Baz, “Finding a Pharaoh’s Funeral Bark,” Narianal Geographic 173
{1988} s13~33; I Miller, “Riddle of the Pyramid Boats,” National Geagraphic
173 {1988): 534—s50.

237 Seen. 234,
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The Lisht Timbers

Between 1908 and 1934, the Egyptian Expedition of The Met-
ropolitan Museumn of Art uncovered about fifty timbers buried
in the sands surrounding the pyramid of Senwosret I (pls. 106~
8). Arnold’s excavations south of the causeway on the eastern
side of the pyramid and west of the pyramid revealed about
forty timbers in varying states of preservation, now reburied
on site {pls. 102~3). The total number of timbers excavated at
Lisht South is at least ninety; fifteen of these tmbers form the
basis for the discussion of timber and vessel features.

Buried beneath a layer of plaster and limestone chip, the tim-
bers had been used as foundations for a system of roadways and
ramps in the pyramid complex. Inaddition to the causeway area
on the eastern side of the pyramid, timbers are recorded from
the west side of pyramid 3, along the inner western enclosure
wall of the pyramid, and inside and outside the outer court west
and north of the pyramid. Timbers of similar shape have been
recorded at other pyramids and described as quarry roads or
construction ramps, > Atleast two photographs taken at Lahun
show timmbers of similar shape and size to those at Lishe.? In
most cases, three of the four timber faces bear cuttings for
fastenings. The uncut face was uppermost in every case at Lisht,
indicating careful placement of timbers. But while the general
shapes of adjacent timbers seem to fit together, fastening pat-
terns for the causeway timbers prove that the timbers were not
so arranged when they were in use.

TIMBER CHARACTERISTICS

The condition of the timbers varied from extremely poor to
very good. Timber surfaces were generally soft and slightly
eroded, and some checking was present; some timbers were
heavily eroded, however, and had large damaged sections with
cracks or breaks. The timbers range in length from 1. 50~2.60
m, with a fragmentary unlabelled piece only r.01 m long.
Width ranges, on average, from 16--20 cm, but may be as much
as 40 cm or as little as 12 cm. Timbers are from g—15 cm thick,
and have 2 sturdy, squat appearance in €ross section.

When the ancient shipwrights carved these planks from
lengths of tamarisk {Tamarix sp.) or acacia (Acacia sp.}, woods
locally available, they cut the timbers to avoid incorporating
large knots, a potential source of structural weakness. Several
of the imbers bear traces of large knots and the technigues used
to remove them while retaining as much of the imber as possi-
ble. Inall cases, an economy of wood use is evident, particularly
if timber ends are examined. Grain patterns that suggest large
knots beginning just at the ends of timbers are common. Sam-
ples of wooden fastenings and timbers suggest that the same
wood was used tor both.

FASTENINGS

At least two types of fastenings can be seen in these timbers.
Mortise-and-tenon joints are found in regular, but notidentical,
patterns in the edges of timbers. Mortises commonly measure
g-0.5 cm wide, 1-1.5 cm thick, and 12 cm deep. In addition,
there are partial mortises cut into timber ends that measure 5

104

em wide and § cm deep. Similar partial mortises are present in
timber ends from all other ancient Egyptian hulls. No partial
mortises in the Lisht timbers retain tenons, but many tenons
remain in standard mortises. Most of them fit so closely in the
widths of mortises that removal is difficult. Removable tenons
share the same basic shape: tapering from a broken end about
6.5 cm wide at the timber edge to 2 bevelied tip about 4.5 cm
wide (fig. 20). The well-preserved bevel is about 6.5 mm long
on each side of the tenon. All recorded tenons, origmally 20~
28 cm long, are broken at or near the timber edge; their pre-
served lengths range from 10.5-14 cm (pl. 116d).

Many tenons do not completely fill the mortise width. In
many cases, spaces about T em on a side can be seen (fig. 20).
Other mortises preserve not only the tenon, but a wooden peg
or pegs, which are about 1 cm square, parallel to the tenon’s
cdge. Mortises with empty spaces of similar dimensions prob-
ably once held pegs as well. Pegs are found placed on cither side
of the tepon or on only one side. When the pegs are on only
one side, all mortises on the plank edge have the pegs inserted
on the same side. Pegs probably served to wedge tenons firmly
in place, achieving the same result as that sought by Mediter-
ranean style shipbuilders, who secured tenons by driving pegs
perpendicularty through planks and tenons.

The Lisht timbers were also lashed together. Lashing mortises
6.5--9 cm wide, 5 cm deep, and slightly more than 1t cm thick
are present on one face and both edges of most of the recorded
timbers. Mortises meet at a go degree angle (fig. 21) between
a wide face and an edge, but never pass through both wide
faces. Lashing miortises tend to be slightly wider on the timber
face than onits edge, possibly because the tension of the lashing
material caused wear on mortise edges. The placement of these
fastentings at strategic scarfs and near timber ends is very similar
to lashing patterns on the excavated Cheops hull and to the
pattern of dovetait fastenings on the Dahshur vessels. >

More than half of the lashing mortises retain a flat, plaited
strip woven from about fifteen strands (fig. 21). Willeke Wen-
drich has tentatively identified the material as a grass, probably
halfa. As shown in plate 116a-c, lashing strips were deliberately
cut apart at timber edges.

SCARFS

All of the timbers, except timber C, have scarf cuts on their
edges. Scarfs help to maintain the integrity of the planking
shell, and the positioning of each scarf is determined by the
characteristics and shape of adjacent planks. Lisht timbers usu-
ally have scarfs on both edges. Scarf cuts on the same edge of
a timber angle towards each other, and if an edge has only onc
cut, it is angled away from the nearby end. Scarf cuts exhibit 2
remarkable consistency in their angles. Most cuts were made at
angles of 120 degrees and are 2.2-2. 5 ¢ deep. Other cuts vary
only a few degrees in angle, except those found on timbers <
and 7, where the cuts vary from roc—115 degrees.

The scarf cuts were sawn, as shown by saw marks both or

2% Arnold, Building i1 Egypt, 79-98.

239 Perrie, Lalun IT (London, 1923), pl. XVa—c; Arnold, Building in Egypt
fig. 3.44.

240 My study of the dovetail fastenings on the Dahshur boats suggests tha
these fastenings may not be original. It is possible that Dahshur planks wer
once lashed together; continued research into this question will be publishe
when it is completed.
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Fig. 20. Schematic plan and section through mortise-and-
tenon joint between two timbers.

the facc and at the base of cuts. Saw marks across scarf faces are
very faint and 1 mm apart; thosc at scarf bases are vertical and
2~4 mm deep.

Mortise-and-tenon joints pass through many scarfs, and a
few also include lashing mortises (see pls. 118-19, 121-32).
Scarfs were placed to avoid knots.

CONSTRUCTION ERRORS
AND REPAIRS

Several mortises, including examples of both lashing and mor-
tise-and-tenon joints, were placed mcorrectly during construe-
tion processes. In one casc, a mortise was begun, but abandoned
when the chiseler ran into a knot. Pairs of morttises, virtually
atop one another but with only one mortise actually used as a
fastening, suggest miscalculations of mortise placement.

The only evidence of repair occurs on tiinber 9, where a
trapezoidal peg was used to lock a tenon in place. The peg (2.8
x 2 x 1.8 cm) fits snugly in a mortise cut only 3 cm (to its center)
from the plank edge. The peg passes through the inner face of
the plank and into the tenon, but it does not pass through the
tenon into the outer planking face. This repair may have oc-
curred at anty time in the vessel’s history, from its construction
to just prior to its disassembly, bat the repair was probably
prompted by a loosening of the tenon within the joint, possibly
as a result of wear.

TOOL MARKS

Reconstructing the tool assemblage used to build a hull is pos-
sible by studying the tool marks remaining on the timbers.
Despite damage caused by erosion and insects, the Lisht timbers
provide good evidence for several types of tools. Chisel, axe or
adze, and saw marks predominate.

Mortises in plank edges were cut by chisels with blades about

Fig. 21. Schematic section through lashing mortises.

2 cm long and shafts about 6 mm wide. In several cases, the
mortise cutter “leaned back” on the chise! handle as one side of
the mortise was cut, probably when the chisel was used to pry
out the wood from within the mortise. These lean-backs ocour
on many of the timbers, appearing as small depressions 6 mm
wide on one end of the mortise. When it was possible to observe
several maortises with this feature on the same plank, each mem-
ber of the group had the lean-back on the same end of the
mortise, supporting the idea that a mortise cutter worked along
the plank edge in a single direction. Mortises on plank edges in
the Dahshur boat in the Carnegie Musceum of Natural History
also have a 6 mm wide lean-back.

Timbers 8 and ¢ bear deep hatch marks on their edges. The
marks are up to 6 mm deep, and resemble marks made by axe
or adze blades. Minimum blade length is provided by a single
mark 5 cm long. Similar deep blade marks are present on the
edges of some of the Carnegie ahshur boat planks. The marks
on both the Lisht and Dahshur planks have no discernible con-
nection to plank shaping.

Saw marks make up the largest set of recorded marks on
Lisht timbers, which is interesting since most scholars who
study ships consider the adze to be the principal shaping tool of
ancient Egyptian shipwrights. Saw cuts are present on faces and
at the bases of scarfs, on timber ends and wide faces, and on
timbers 9 and B at large knots.

The serics of cats on timbers ¢ and B demonstrate some of
the shaping methods used by the ancient shipwrights and re-
inforce the impression of frugal wood use. Several deep saw
cuts made with a blade held perpendicular to the plank edge can
be seen on either side of the knot’s center. The entire area of the
knot is also covered with saw marks made by a blade held
parallel to the plank face, suggesting that shipwrights cut verti-
cally into a branch stub to remove sections of it before the plank
face was evencd out with a saw blade held parallel to it

The ends of three tenons on timber s bear saw marks. One
tenon is cleanly sawn off 2.5 cm from the plank edge, but the
other twa are only partially sawn through, then broken on the
edge towards face B (pl. 125). | interpret these tool marks and
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break indications as the result of breaking timbers apart. In this
case, tepons appear to have been partially sawn through from
the inside of the planking surface with a blade, after which the
timmber was pulled away from the outside of the huli.

The other recorded tool tmark was a score line which proba-
bly marked a butt joint in timbers above an edge of timber s.

THE FRAME

Deseription: During the 1914 excavations, the Lisht frame was
found with a group of timbers beyond the outer court on the
west side of the pyramid complex (pls. 106, 115¢, 133). The
following description of the frame 1s derived from photographs
and drawings provided to me by Dieter Arnold from the Egyp-
tian Department archives. The frame is m the Egyptian Mu-
seumm, Cairo (Jd'E 60271).

The frame is built of three timbers: two upper timbers, each
about 1 m long, fastened to a 2.40 m long curved floor timber
by mortise-and-tenon joints and lashing. Mortise dimensions
are similar to those from Lisht planks recorded by the author.

The floor timber measured about 12 cm molded (vertical
dimension) and 22 cm sided (horizontal dimension), Twelve
slightly triangular notches are present on its outer face and
measure, on average, 10 cm deep and 5 cm wide at the base.
Three cylindrical hioles 8 cm deep and 6 ¢m in diameter are
present in the outer face. One is located directly i the center of
the floor timber; the other two are about 8o cm away on cither
side of the central hole. No other recorded information is avail-
able for this feature of the frame.

The upper timbers are about 15 cm molded and 20 cm sided
near the inboard ends. Outboard ends are notched like the lower
face of the floor timber and continue its curvature for 40 cm on
one side and about 25 ¢m on the other. A gap of 50 cm separates
the inboard ends of the timbers; this opening corresponds to a
1 cm deep notch on the inner face of the floor timber.

These three timbers are fastened rogether with a complex
systemn of mortise-and-tenon joints, lashings, and mortises that
pass through the thickness of the timbers. Each of the upper
timbers has one three-way lashing joint (see B-B on pl. 133).
Lashing mortises and mortise-and-tenon joints are present in
the upper edge of the upper timbers. The lower faces of the
upper timbers are joined to the floor timber by both lashing
and mortise-and-tenon joints, providing a complex and secure
frame assembly.

Analysis: The complete frame found in the 1914 excavations at
Lisht is one of the site’s most extraordinary finds from a ship
scholar’s point of view. The excavated Cheops vessel had six-
teen frames for its 42 m length, but the frames do not seem to
have been designied to lend structural integrity to the hull. The
Dahshur bulls had no frames, but relied on beams laid across
the hull and through planking edges to tie the vessels together.
Photographs of the much later Mataria vessel show faint im-
pressicns of frames, but none remained within the hull. The
earliest recorded frames in the entire Mediterranean outside
Eeypt postdate the Pharaonic peried, so the Lisht frame is
important not only for what it reveals about Egyptian boat-
building technology, but for what it can suggest about the level
of technology available to Bronze Age shipwrights throughout
the eastern Mediterranean.

While the frame provides new evidence for technigues used
to reinforce working vessels, it also exhibits features whose
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purpase can be only partially ascertained. The mortises that
pass completely through the thickness of each piece of the
frame provide no clue as to their function, but it is possible that
they held tenons or lashing that bound the frame to others of
similar construction. Lashing mottises and mortise-and-tenon
joints on the upper edges of the upper timbers suggest that these
timbers were once attached to others, perhaps deck beams or
other reinforcing lateral hull members.

Three-way lashing mortises ncar the squared ends of the
upper timbers are similar to three-way mortises in a timber
from Tarkhan dating to the First Dynasty.?! The Tarkhan tim-
ber is curved at one end and square at the other, and it re-
sembles the upper timbers of the Lisht frame. Two three-way
fashing mortises are present in the Tarkhan example, and the
only other fastenings are two L-shaped mortises in the curved
end. Timbers from Tarkhan are evaluated i a recent work by
8. Vinson,#%?

Other features of the frame whose function can only be
gucssed at include notches and cylindrical holes on the lower
face of the floor timber and the broad recessed area on its upper
face, which corresponds to the gap between the upper timbers.
if the notches parallel those on single-piece frames from the
Cheops vessel, they would have been located over plank seams.
Notches in the Cheops frames seem designed to fit over battens
that covered plank seams; no traces of battens remain on Lisht
planks. The purpose of the cylindrical holes cannot be known
with certainty, but their form and location suggest that they
may once have been filled by pegs that connected the frame to
the hull. The broad and recessed arca on the upper face of the
same timber probably was designed to receive a longitudinal
strengthening timber such as the shelf and stringer system that
supported the deck beams of the Cheops vessel. Such stringers,
located so near the bottom of the hull, would function as keel-
sons in addition to creating a lower center of gravity for the
vessel.

THE MODEL BOAT FROM
THE MASTABA OF IMHOTEP

Description: The Egyptian Expedition of the Metropolitan Mu~
seum discovered a pair of boat medels outside the southern
enclosare wall of the mastaba of Imhotep in 1914, The larger
of the models measured 2.75 m, and was carved from a solid
piece of wood with an added fimal, also of wood; traces of red
paint remained on the gunwale. The model was in excellent
condition and is now in the Metropolitan Museum. 2%

The smaller model, constructed of planking, was uncovered,
left unexcavated because of its poor condition, and reburied (pl.
117a-b). In 1986 the boat model was reexcavated, recorded,
and subsequently reburied.?* The reason for the extremely
poor condition of this 1.95 m long moedel was apparent: no
wood used i the model was thicker than 1 cm. Tentative mea-
surements of maximum dimensions suggest that it reached a

2§ M. E Petrie, G A, Wainwright, and A. H. Gardiner, Tarkhan I and
Memphis V (London, 1913}, pl. [X.

2 8. Vinson, “Boats of Egypt Before the Old Kingdom,” (M. A. thesis,
Texas A&M University, 1987), 36—81.

23 BMMA 10 (1915), supp., 10—11, fig. 7 MMA 14.3.23.

44 For the archaeological context of the find see Dorothea Arnold, The
South Cemeteries of Lisht: The Muastaba of Imhotep, forthcoming.
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width of 40.7 em with a depth of a least 11 cm. The central
plank was 12 cm wide; other planks were about 7-10 ¢m at
their widest point. The wood remaining is severely checked,
and shrinkage is evident from seams, scarf lines, and joints
preserved only in the natural molds of mud, plaster, and paint
that remain in the boat pit. In many cases, 1 cm separates plank
seams and 2—3 cm separate butt joints.

The planks of the model were connected with mortise-atid-
tenon joints. Several tenons were visible, and measured approx-
imately 4 cm wideand 6 cm long. No mortises could be seen.

In its burial site, the meodel tilts slightly towards the south.
The upper strake and its plaster on the southern side have com-
pletely disappeared. The eastern end of the boat is better pre-
served than the western end; the lower end of the finial at the
eastern end is well preserved. The upper part of this findal may
be present as well, but it is certain that at least a cast of it remains
in the mud brick above it.

Paint fragments visible in the sand are green on the lower hull
with red and blue stripes present on what seems to be the
gunwale. Other details of decoraton are obscured by plaster
and wood from the model.

Analysis: The boat model from Lisht is the first known example
of an ancient Egyptian hoat model built plank by plank and
joined with mortise-and-ter:on joints. In many ways, the boat
maodel recalls the Dahshur boats discovered outside the pyramid
enclosure of Senwosret 111745 The planking plan for the model
and for the Dahshur boats in the Carnegie Museum of Natural
History, Pittsburgh and the Field Museum of Natural History,
Chicago are strikingly similar. The number of strakes on either
side of a central strake, which is thicker than those around it, is
the same for both the Lisht model and the Dahshur boats. The
number of planks within strakes also coincides. In addition,
plank shapes, and the apparent hull shape of the model boat
from Lisht, are virtually identical to those shown by the Dah-
shur hulls.

PLANKS

Analysis: The dmbers from Lisht represent planks from one or
more vessels. The timbers are identified as hull members
pramarily on the basis of their shape and curvature and secon-
darily on the basis of the fastening technigues and patterns used.
[n addition, the presence of a frame supports tie idea that these
timbers came from watercraft,

Comparison of the Lisht tmbers with the Dabshur and
Cheops vessels shows similarities in plank shape, fastening pat-
terns, tool usage, and scarfing techniques. Of particular interest
is the avoidance in the [Dahshur and Cheops hulls of mortises
which pass completely through the thickness of planks, a trait
shared by the Lisht material. This common trait enables uncut
faces of planks to be designated as the outer faces.

As scen in the Cheops and possibly in the Dahshur vessels,
lashing is present in strategic locations; as in the Dahshur hulls,
deep mortise-and-tenon joints are the main method of fastening
the planks. The presence of both lashing and deep mostise-and-
tenon joints on the Lisht planks, which are as thick or thicker
than those from the Cheops and Dahshur boats, suggests a
more sturdily constructed vessel than any of these examples.
Mortise-and-tenon joints in the Lisht timbers are twice as deep
as those in the Cheops ship, which relied pzimarily on lashing
for strength, but are the same depth as those in the Dahshur

boats, which did not have lashings. The Prahshur hulls and the
Lisht timbers both made use of a technique of joining plank
ends that relied on partial mortises: the ends of two abutting
planks each received half of the mortise while the adjacent plank
held the tenon in 2 complete mortise.

The discovery of square or rectangular pegs placed on either
side of tenons in the edges of Lisht timbers provides an explana-
tion for a previously perplexing problem in ancient Egyptian
hull construction. Because the Cheops vessels were disassem-
bled and the Dahshar hulls had been taken apart and reassem-
bled with modern tenons, it had not been possible to study
tenons in place. No pegs perpendicular to tenons have been
recorded from ancient Egyptian hulls, with the exception of the
repair to timber ¢ {pl. 120), though carpenters frequently used
this type of fastening on other objects. Sarcophagi, furniture,
and a sledge found with the Dahshur boats all have perpendicu-
larly pegged mortise-and-tenon joints. Even the cabin on the
Cheops vessel used such pegs. In other words, the Egyptians
seem to have avoided pegging mortise-and-tenon joints perpen-
dicularly, in the well-known manner evidenced by the hulls of

. many Greek and Roman ships, if such joints would be below

the waterline of a hull. Wachsmann has pointed out that a
representation in the late Nineteenth Dynasty tomb of Qaha at
Deir el-Medina depicts the construction of a hull with pegs
passing through plank thicknesses.?*® These pegs, the first
examples of their kind, probably fastened frames to the plank-
mg shell and do not represent tenon pegs.

{ashing material in the Lisht timbers differs noticeably from
that used in the Cheops ship. Rope was used to lash planks
together on the Cheops ship; the rope measured 1, 1.5, and 2
cm thick at the time of excavation. The plaited strip of twisted
grass fibers used to fasten the Lisht tmbers together would have
caused less wear to mortise edges by spreading forces along its
width.

Drespite the temptation to assume that alt of the Lisht tmbers
originated from a single vessel, none of the recorded timbers
seem to fit together; planking shapes can be matched to suggest
the appearance of the planked shell, but it is not possible to
reconstruct a single vessel frorn the Lisht material. Consistency
in meortise size, patterning, and scarf angles and dimensions
would also support the supposition that all of the timbers are
from a single hull. However, these features are simifar enough
to those used in the Fourth Dynasty Cheops hulls and the 1Dah-
shur beats of the later Middle Kingdom to suggest that ship-
building tradition may be the source of consistency. Further
study is required before deciding this issue. Other areas of con-
tinued research include exploring whether there are any reguiar
indications of wear on one edge of lashing mortises, which can
be used to define timber orientation, and whether the angle of
plank edges can be used to reconstruct the position of planks
withir the hull.

Conclusions

The planks, frame, and model boat from Lisht offer new per-
spectives on ancient Egyptian shipbuilding techniques. The hull

245 Seen. 234.
246 S, Wachsmann, “Seagoing Ships and Seamanship in the Late Bronze
Age Levant,” {(Ph.D. diss., Hebrew Umiversity, Jerusalemn, 1980), 169,
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planking demonstrates a previously unrecorded manner of hull
construction vsing plaited lashing, intricate scarfing of timbers,
and deep mortise-and-tenon foints secured by pegs within the
Joint itself. Each of these features 15 present in some form on
either the Cheops or Dahshur vessels, but their combination is
anique and offers insight into a controversial passage in Herod-
otus (2.06.1-2) describing ancient Egyptian shipbuilding. %7
The passage has been interpreted as saying that the Egyptians
caulked the seams of their vessels from nside with papyrus. No
trace of caulking has been found in any ancient Egyptian hull,
however, and we have no other evidence for the practice. When
the passage is evaluated from both lexicographical and ship
construction viewpoints, it is clear that Herodotus was describ-
ing plank seams bound or fastened from inside with papyrus,
a practice which corresponds to evidence of construction tech-
niques provided by the Lishe timbers.

In addition o providing ship scholars with a new form of
construction, the Lisht timbers are the first remains of what was
probably a working boat to be studied. Both the Cheops and
the Dahshur hulls are from ceremonial contexts, and may reflect
different construction practices. Because the Lisht planks are so
sturdy and fastened together so securely, it is likely that they
once belonged 1o a freight vessel. The technology used to com-
bat strain and stress caused by the transport of great weights
may be similar to that used in the construction of seagoing
vessels, another point of contention among ship scholars. At
the very least, studying the Lisht timbers informs us further
about what was possible for ancient Egyptian shipwrights.

The frame found at Lisht is another unique find. Frames on
the Cheops ship are single timbers, notched to pass over bateens
covering planking seams, but with no top timbers or other
fastenings indicated. The heavy construction and ngid fastening
of the Lisht frame provides evidence in support of the hvpoth-
esis that these timbers belonged to a working freight vessel.
Because the Lisht frame contains mortises which pass through
its sides, T believe that it may have been attached to similar
frames on either side. Alternadvely, these mortises may have
held lashing which was wrapped around the frame, but thisidea
finds no support in any known details of ancent Egyptian hull
construction. Mortise-and-tenon joints and lashing mortises on
the apper surface of the upper frame components strongly sug-
gest that another timber may have been fastened to the upper-
most surface of the frame.

The broad recessed area on the upper face of the floor imber
suggests that it once held a longitudinal timber at least 50 cm
wide and 30 cm high. This hypothetical tmber could have
served as a keelson, supported deck beams, or may have served
as the internal support for a steering post or mast.

The planked model boat from Lisht is valuable to ship schol-
ars not only for its unusual method of construction, but because
it is practically a 1:5 scale model of either the Carnegie or Field
Muscum Dahshur boats. The small size of the two Lisht mod-
cls, buried near the mastaba of a high priest, shows that the six
ro m long cedar boats of Senwosret Il were indeed a kingly
display of wealth and power, a point questioned by some who
refer to the Dahshur bulls as “wretched. 2%

As more finds of andient hull remains are recorded and
studied, our knowledge of Egyptian shipbuilding techrology
will increase. Ships and boats were some of the most complex
and highly engineered machines of the ancient world, and un-
derstanding both the technological level and philosophical prin-
ciples that limited and guided shipwrights contributes to our
understanding of the culture in which they lived. The study of
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the Lisht imbers, frame, and boat model is a continuing one
designed to explore not only technological, but econoric anc
cultural aspects of shipbuilding in ancent Egypt.

Catalogue of the Lisht Timbers

ABBREVIATIONS

LR Length remaining
MaxW  Maximumn width
MinW Minimum width
MaxTh Maximum thickness
MinTh Minimum thickness

Timber A (pl. 118)

The timber is in good condition, but the ends are croded anc
there are several large cracks along the grain. Few knots are ir
the body, but grain patterns suggest that large knots were prob-
ably present just past the timber ends. One end has part of ¢
knet 30 cm i diameter.

Dirnensions: LR 212 cm; MaxW 22.5 cm; MinW 18.5 an
MaxTh 13.5 om; MinTh 11.5 cm

Tasienings: Lashing mortises are present on face A and edges C
and IJ; mortise-and-tenon joints are present on edges C and D.
Fragments of plaited lashing remain in two mortises {(edge D).
Thirteen mortises retain tenon fragments.

All tenons are broken off on their lower edges. One whick
was removed measured 11.5 cm long, 4.5 cm wide atits bevelec
tip, and 6.2 cm wide at its broadest point.

Several mottises with tenons also contain pegs about 1.§ ar
square on either side of the tenons. Other mortises withows
preserved pegs have spaces of this dimension preserved on cact
side of the tenon.

Scarfs: The scarf on edge Cis 165 cm long; the scarf on edge ©
is 72 cm long. The scarf'ends are cut at 120 degrees and the max
imum preserved depth is 2.2 cm. Several of the scarf cuts are
covered with a very thin layer of 2 black substance.

Tool Marks: Adze or chisel blade marks are found at the base of
scarf cats. Chisel marks (2 mm deep, 2 cm long, and about
1-1.5 ¢m apart) are in the crudely cut lashing mortise D on edge
C.

Marking: A single-line graffito is present on face A berweer
lashing mortises C and ID. The line describes a full curve, anc
the ink or paintused closely resembles that used to mark mortise
placermnents on the Dahshar boat i the Carnegie Museum of
Natural History.

Timber B {pls. 1152, 119)

Timber B is well preserved, except at the ends, which suffered
heavy erosion. The shape of timber follows the grain; small
knots are present.

247 The passage reads, “They bind in the seams from within with papyrus,’
(see C. Maldane and C. W, Shelmerdine, “Herodotus 2.96.1—2 Again,” Clas
sical Quunrterly 400 $35-30)

48 B, Landstedm, Ships of the Pharaohs (New York, 1970, 90-03.
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Dimensions: LR 215 om; MaxW 26 coy MinW 22 em: MaxTh
13 cm; MinTh 1z cm

Fastenings: There are no lashing mortises. Twenty mottise-and-
tenon joints, mostly paired, are present. Fifteen tenon frag-
ments are preserved.

Scarfs: On edge C there are two scarf cuts with depths of 2.5
cm at angles of 117 and 120 degrees.

Toel Marks: Mortise 6 {edge C} has a step cut 6 mm wide in one
edge, with a 6 mm widc lean-back on the chisel.

Face A has an interesting set of three parallel lines placed at
92, 100, and 107 cm from the left end. These lines are about 4
mm wide and 2 mm deep; they appear to have been made by
a saw held perpendicular to the timber face, perhaps to cut off
a branch stub whose knot remains between 92 and 100 cm from
the left end. Other saw marks spaced 1 mm apart were made
by a saw held parallel to the dmber and are present on the timber
tace from 85 to 115 cm from its left end.

Timber C (pl. 120)

Timber C is fairly heavily eroded and damaged by insects, with
several areas eroded within knots; edge preservation is poor.
Llnlike other timbers from the site, this timber is relatively
straight. [t has no fastenings, scarfs, or tool marks.

Dimensions: LR 24§ cm; MaxW 25 cm; MmW 22 cm; MaxTh
18 cm; MinTh 17 cm

Timber 1 (pl. 121)

The aimber is in fair to poor condition. Several areas with large
kizots have suffered erosion. Falf of the left end of edge C has
split away, as has most of the so cm of the left end of face B.
The shape follows the grain, and its design owes much to the
presence of a knot more than 20 cm in diameter (see edge D).
The ends arc not clearly defined due to erosion and breakage;
it is possible that the timber continued on one or both ends.

Dimensions: LR zoo cm; MaxW 39. 5 cm; MinW 17 cm; MaxTh
15 cmy MinTh 11,5 em

Fastenings: There are no lashing mortises. Eleven mortise-and-
enon joints, one of which is paired, remain; tenon fragments
are preserved in three mortises. There is also an unusually wide
rectangular mortise ¢ cm deep on the sloping portion of edge C.
Searfs: This timber has a complex and unusual arrangement of
sawed scart cuts. Scarfs are numbered from left to righe.

1. A sawed cut 2 cm deep, which extends over half of edge
Z; there are clear saw marks about 3 mm deep at the base of the
H

2. A box 7.5 cm deep on one side with a rising flat leading
‘0 a straight rise of 11 cm on the other side.

3. An eroded area that may have been a simple step scarf.

4. An angled cut 9 cm long with a slight step up on the
ypposite side.

The lower edges of sides A and B are not scarfed; erosion of
1 knot makes the drawings appear to indicate a scarf.

The scarfing of this timber is complicated, and some of the
:uts, particularly scarf 2, may have served functions other than
oining plank cdges together. The boxy appearance of scarf 2 15
eminiscent of notches cur in Dahshur boat hulls to receive
>eamn ends; it may also be the remaing of an ancient repair.
Iool marks: Scarf cuts include saw cuts 2—4 mm deep at their
sases. Mortises 7 and 10 on edge C have depressions ¢ mm
wide at one end, where the mortise cutter leaned on his chisel
randle.

Timber 2 {pl. 122)

Timber 2 is in very good condition, with only small arcas of
slight erosion. The grain runs along the shape of the piece; only
small knots are present in the center of the timber, but indica-
tions of very large knots begin to appear at the ends.

Dimensions: LR 182 cm; MaxW 29, 5 oy MinW 18 cm; MaxTh
t7cm; MinTh 15 cm

Fastenings: Five lashing mortises are present on face A and edges
C and I3; one of these scems to be an ancient correction of
mortise placement. Lashing mortise C, located 3.5 cm from
edge D on face A, is in the common position for lashing mor-
tises, Mortise E, 7.5 cm from the edge, meets mortise C mside
the plank (see discussion p. 105).

Seventeen mortise-and-tencn joints are present, fourteen of
which are paired. Partial mortises are present in each end. Tenon
fragments remain in twelve mortises, and most of these mor-
tises show evidence of degraded square pegs on either side of
the tenon.

The tenon from mortise 11 was removed, Tenon dimensions
were: LR 14.3 e W, remaining at wide edge 6.2 cm; W at tip
7 ey, The 1 em. The tip of the tenon is a sharply pointed bevel
made with 2 chisel blade 2.2 cm wide.

Mortise 9 is noteworthy for its location at the peak between
scarfs on edge C.

Scarfs: Edge C retains a long scarf broken by a peak in plank
shape; edge D has a shorter scarf in the middle of the plank.
The four scarf cuts are sawn atangles of 118 to 124 degrees with
depths of 2—4 ¢m.

Tool Marks: Tenon 11 bears chisel blade marks 2.2 cm wide.,
Other faces do not retain original surface due to erosion and
atternpts to coat the surface with polyviny! acetate.

Timber 3 {pl. 123)

A fairly well preserved timber, with one very solid end retaining
grain patterns indicative of sapwood. There is, however, a great
deal of checking on the edges of face B, and the scarf area is
crushed (see tool marks below). The pointed end of face B
suffers from dry rot as does face A. A large section of the
“blade” end of face A has sutfered surface damage. There are
many smatl knots throughout the piece, with a heavy concen-
tration at the tip, which has suffered enough erosion on its edges
to make fastenings difficult to locate.

Dimensions: TR 268 cm; MaxW 35 om; MinW 14 cm; MaxTh
18 ey MinTh 16 em
Fastenings: There ave three lashing mortises on face A and edges
C and D. Lashing remains are also found in mortise C.
Twenty mortise-and-renon joints and one partial joint, in the
squared end, are preserved. Mortises in this timber are narrower
than usuat; most are §—9 mum, as opposed to the typical mortise
thickness of 1.4~1.7cmn. They are also somewhat longer, 10-12
cm rather than 8~10 cm. Tenons remain in fifteen mortises.
The tenon from maortise 4 was removed and examined. Tts
tip had curled inward upon itself due to the force with which
it had been inserted.
Seayfs: Three scarf cuts at angles of 120 degrees are present. A
cut 2. $ cm deep on edge D is located near the squared end. Edge
C has a short scarf only 1.5 cm deep {probably eroded); the
large sawn cut measures 20. 5 cm in length.
Tool marks: Saw marks 2—4 mm deep are located at the basc of
the large scarf on edge C. Mortises 12 and B have a 6 mm wide

109




APPENDIX: LISHT TIMBERS

lean-back on the right end of the mortise,

The “blade” of face B is somewhat crushed. A rope impres-
sion, 1.5 cm wide and 14 cm long with strands 2 mm wide,
crosses the crushed area, indicating that the tmber was dam-
aged in antiquity.

Timber 4 (pl. 124)

Timber 4 is much eroded and broken: the thickness varies
greatty throughout, with one end quite eroded and curved and
the other scarcely present. Poor condition of the timber pre-
vented examination of face A.

Dimensions: LR 237 cm; MaxW 26. 5 cam; MinW undetermined;
MaxTh 14 cm; MinTh 6 cm

Fastenings: There are no lashing mortises. Of the eleven mortise-
and-tenon joints, only mortise 4 has a tenon remaining. This
mortise 15 8 cm wide and I. 5 cm thick. The tenon within it is
arcctanguiar block with no taper; itis 1.2 cm thick throughout.
Scarfs: One scazf cut, 1.5 cm deep and cut ata 120 degree angte,
is present on edge C. No other cuts are clearly visible.

Timber 5 {pl. 125)

Timber 5 is in fair to poor condition. The timber is broken
within a very large knot visible on edge C near mortises 10 and
11, and a section about 4 cm wide and 47 cm long is missing
from the squared end. There is good surface preservation in the
central area, probably due to the presence of a knot. The shape
follows the grain.

Dimensions: LR 186 cm: MaxW 21,5 cm; MinW 1.5 em (tip);
MaxTh 9 cm; MinTh 8§ em

Fastenings: Three lashing mortises are found on tace A and on
edges C and I; lashing remains are preserved in mortises A and
C. Lashing mortise B is probable, but its location on edge C
cannot be precisely determined.

Fourteen mortise-and-tenon joiuts are present, inclading a
shallow pair of mortises on edge I at the pointed tp, and a
very narrow mortise (9) located at a knot on edge ID. Erosion
has caused mortises 3 and 7 to appear to pass through the tim-
ber, but they did not originally do so. Mortise 11 was placed
much closer to the edge (2 cm) than usual, probably to avoid
the large knot.

Tenons remain in nine mortises and degraded peg remains
can be seen in mottises 3, §, 7, and 14. Most mortises on this
timber are 912 cm thick, with many under 1 cm thick. Average
mortise thickness for other timbers is 1.5 ¢, Peg spaces are
also slightly smaller on this timber; 1.5 cm square is typical for
other pieces, but pegs from this timber fill spaces 1 emsquare,
Searfs; There are two scarf cuts, one 2.5 cn deep near the
squared end on edge D ar a 110 degree angle, the other, with
only 1.5 cm remaining, at an angle of 112 degrees near the tip
on edge C.

Tool marks: Surface erosion obscures most of the original sur-
face, but faint saw marks are present at the central knot area on
face B.

Tenons 8, 14, and 15 alf bear saw marks. Tenon 8 is cleanly
sawn off 2. 5 em from the plank edge, but tenons 14 and 15 are
only partially sawn through, then broken on the edge towards
face B. I interpret these tool marks and break indications to
result from the ancient means of breaking timbers apart. In this
case, tenons appear to have been partiatly sawn through with a
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blade from the inside of the planking surface, then the timber
was pulled away from the outside of the hull.

A score mark 4 mm deep is tocated on edge C between mor-
tises 7 and 10.

Timber 6 (pls. 1252, 126)

The timber is in good condition, but it is split along face A,
which is also checked in the area between mortises 12 and §-6.
Small knots remain; the timber is fairly straight grained.

This piece has substantial areas of dry rot, indicated by a dark
color with white patches, and minute checking along edges C
and D.

Dimensions: LR 166 cm; MaxW 21,5 cm; MinW 17,5 omg
MaxTh 14 cm; MinTh 12.5 cmn
Fastenings: Three lashing mortises are on face A and edges C
and 1. Lashing remains in mortise A are covered with white
plaster from the roadway; lashing remains also fill mortise C.
There are sixteen mortise-and-tenon joints, all of which are
paired and have tenons remaining. Indications of side pegs were
found on both sides of mortises in spaces 1 cm square on edge
C; edge D mortises have single pegs, which are always on the
same side. Side pegs in mortises on edge 1D are rectangular anc
measure 2. 1 ¥ 9 cim. Most mortises are only 1 cm thick,
Mortises 1 and 2 are partial mortises in the timber end.
Scarfs: There are three scarf cuts of 120 degrees, which are 23
cm deep. Edge C has two cuts angled toward each other; edge
D has one cut near lashing mortise C.

Timber 7 {pl. 127)

An unusually shaped piece with small- to medium-sized knots.
The surfaces are fairly good although checked and slightly
eroded near the edges, There is a break on face A, begimning at
the edge of the large knot that runs diagonally from between
mortises 1 and 4 on edge D to near mortise 8 on edge C; the
knot has also caused a great deal of distortion of nearby wood.
A section about 40 em long is split away frem face B atedge C.

Sapwood is present on the squared end, slightly above the
center towards edge C, and zalso at a deep scarf cut on edge D,
where it is in the corner of the piece.

Diimensions: LR 158 cm; MaxW 25 cm; MinW 8 cm at tp;
MaxTh 14.5 co; MinTh 11,5 cm

Fastenings: Two lashing mortises, both with lashings, remain on
face A and edges C and D.

There are ten mortise-and-tenon joints, eight with tenons

remaining; none are paired. Mottise ¢ runs diagenally through
the amber tip.
Scarfs: Edge C has a single scarf, cut at an angle of 100 degrees,
which is 2.5 cm deep. Edge I has a scarf cut at an angle of 11¢
degrees, which is 2 cm deep at mortise 3, and a 7 cm deep et
at an angle of 110 degrees between mortises 7 and B.

Timber 8 (pl. 128)

The timber is in fair to poor condition. A fow arcas of origina
stirface remain, but timber ends have suffered heavy damage ic
the form of deep cracks. Much of the timber end near mortisc
161s split away, and some arcas are so eroded thatir s impossible
to determine mortise placement. The piece is cur along the
curving grain, and a few medinm-sized knots are present.
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Dimensions: LR 179 om; MaxW 21.6 om; MinW 15.2 cmy
MaxThirsom, MinTh 11 cm
Fastenings: Four lashing mortises are present: A and I near
timber ends on face A and edge C; B and C within the scarf in
the central part of the imber on {ace A and edge ID. Mortise DD
lacks lashing remains; its placement on edge Cis also uncertain,
The remains of sixteen mortise~and-tenon joints, including
partial mortise 1 1 one end of the timber, can be secen on plank
edges. Tenons remain in 3, 5, 9, 11, 12, 14, and 16. Side pegs
are present beside tenons 3 and ¢; spaces for side pegs can be
seen in mortises 11 and 12.
Scarfs: Edge D has two scarf cuts, one of which is very eroded,
angled toward cach other at 120 degrees. The well-preserved
cut between mortises 6 and 8 measures 2.4 ¢m in length. Edge
C bears a single scarf cut at mortise 15, which retains no original
dimensions due to damage and erosion.
Tool Marks: The only recorded tool marks for timber 8 are
present near the center of edge D, where deep hatch marks up
to s ¢m long and 6 mm deep cross the grain of the timber. Onc
end of mortise 8 bears traces of the handle of the chisel used to
cut it; a lean-back 6 mm wide is present.

Timber 9 {pl. 12¢)

Although the timber has good structural integrity, nearly the
entire surface of face Bis eroded. Only the edges and ends retain
the original surface. The selection of timber shape coincides
beautifully with the grain pattern. One end of the timber has a
bladelike tip; the other comes to a point.

Although few knots are present in the timber, ene very large
knot near mortises 1 and A on edge D gave the ancient ship-
wrights some difficulty (sce tool marks below).

Dimenszions: LR 191 cm; MaxW 24 cm; MinW 6 cm at tip;
MaxFh 17 em; MinTh 10 em
Fastenings: There are six lashing mortises with wetl-preserved
lashing remains, especially m mortse A, which is filled. Erosion
of edge ID and face B have caused lashing moruse D to appear
to exit on face B, though it originally was cut very near edge C.

The timber has ten mordse-and-tenon joints. ln edge D,
mortises 3, 6, and 10 have both tenon and side peg remains
while mortises 1 and 8 have tenon remains. Mortises 2 and 7
on edge C contain tenon remains and have spaces for side pegs.

Mortise measurements on edge 12 are smaller than usual, but
this is because the surface is so heavily eroded that only part of
the mortise’s depth has been preserved.
Scarfs: Four scarf cuts are recorded for this timber. Edge D has
a single 120 degree angle cut 2.2 cm deep between lashing
mortise A and mortise 1. Edge C has three cuss, all ar 120 de-
grees, one of which is severely eroded {between lashing mortise
C and mortisc y).

The scarf at mortise 4 18 2.4 cm deep; the scarf between
mortises 9 and FFis 4 cm deep.
Repair: Timber ¢ includes an interesting repair on face A at
mortise 8. A trapezoidal peg (2.8 x 2 x 1.8 cm) fits snugly in a
mortise cut 3 cm {to 1ts centery from edge D. The peg passes
through face A and into tenon 8, but it does not pass through
the tenon.
Toel Marks: Eroded surfaces do not preserve tool marks well,
but several saw marks 3 mm deep are present at the base of the
scarf cut on edge C between mortises 9 and E

Saw marks are also present at the large knot on face B near
mortises 1 and A. Several deep saw cuts made with a blade held
perpendicular to the plank edge can be seen on esther side of the

knot’s center. The entire area of the knot is alse covered with
saw marks made by a blade held parallel to the plank face,
suggesting that shipwrights cut vertically into 2 branch stub to
remove sections of it before the plank face was evened out with
a saw blade held parallel to it.

A series of deep hatch marks (47 mm), probably made by
an axe, is present between mortises 3 and 6 on edge . The
marks do not seem to be related to timber shaping. Similar
unexplained deep hatch marks were recorded on the edges of
sorne planks from the Dahshur boat in the Carnegie Museum
of Natural History.

Mortises 1 and 6 on edge D retain marks made when the
mortise cutter leaned back on the chisel 25 the cuts were made.
Both lean-backs are on the end of the mortise closest to the
pointed end of the timber.

Like adjacent timber 8, tunber ¢ has several deep scratches
perpendicular to plank edges on face B, which was found facing

up.

Timber 10 (pl. 130)

Timber 10 1s i fair to poor condition, One end of the tmber
has suffered major damage and is heavily eroded. Few knots are
present, and the grain runs along the length of the piece.

Dimensions: LR 176 cm; MaxW 19.8 cm; MinW 15 cm (at end);
MaxTh 9.8 cm; MinTh 8.5 cm

Fastenings: Three lashing mortises are present, all with bits of
lashing remaining. The location of mortise C on edge D may
be inaccurate as only the corner of the L-shaped cut remains in
a heavily eroded depression.

Twelve mortise-and-tenon joints remain, including partial

mortise 12 {6 cm wide and 1 cm thick) in the eroded end of the
timber. Tenon fragments are present in mortises 6 and 9 on edge
D and in mortises 7 and 8 on edge C. Mortise 6 has a single
side peg; the other three tenons have pegs on each side. Mortises
1 and 10 are unusually wide at 9.25 cm; most of the other
mortises are 7, 58 cm wide.
Scarfs: Edge 1D has scarf cuts at angles of 120 degrees at either
end of the piece. Near mortise 11, the cutis 2.5 cm deep; at the
opposite end, the heavily eroded cut is 7.5 mm deep. Edge C
has a scarf cur at mortise 8 that is 3.5 cm deep and at an angle
of 115 degrees; the cut near mortise 4 is 5 cm deep and at an
angle of 120 degrees.

Timber 20 (pls. 115b, 131)

Most surfaces of this timber are in poor condition, but several
areas near knots are fairly well preserved. Timber ends are
eroded and cracked, and the body of the timber is heavily
eroded on face B and along edge C. Despite the timber’s rather
unusual shape, it was cut to take advantage of the strength
offered by following the grain lines,

Dimensions: LR 180 cm; MaxW 28.8 cm; MinW 14 cm; MaxTh
13.3 ¢m; MinTh 11,2 ¢m

Fastenings: Four lashing mortises are present; all but mortise A
retain fashing material. Mortises A and D pass through scarfs
on edge D and into face A; mortises B and C are located at scarfs
on edge C and exat into face A.

Twelve, or possibly thirteen, mortise-and-tenon jeints, in-
cluding partial mortise 1 at one end of the timber, are present
in the edges of timber zo. The eroded and cracked surfaces
sometimes make it difficule to determine mortise dimensions
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and locations. The mortise marked with a question mark could
not be definitively plotted because of the degree of cracking in
the arca. Tenons remain in mortises 2, 3, §, 6, and 7; only a side
peg remains in mortise 9. Side pegs are also found beside tenons
in mortises 3 and 5.

Scarfs: Edge C has two scarf cuts near lashing mortises B and
C. The cuts face toward each other near the timber’s center; the
one near mortise C is almost nonexdstent. The cut at mortise B
was made to produce a 120 degree angle; the scart face is 2.2
cm long. Edge I also has two cuts at 120 degrees, one at cach
end of the timber, but rather than being in a straight line, the
sweep of the timber between cuts rises to a sharp peak. The
scarf at mortise A is 2 cm long; that at mortise D has been
eroded to only 1.6 cm long,.

Tool marks: Despite the poor condition of much of the timber’s
surface, several areas with a number of small to medium knots
have preserved the original surface of the timber. Three of these
areas preserved saw marks made by a blade held parallel to the
plank surface. Marks are @ mm apart and very shallow.

Unlabelled Timber {pl. 132)

This timber was found outside the outer enclosure wall west of
the pyramid of Senwosret I in an area where a construction
ramp might have been located. It is in fair to poor condition,
but a 30 cm wide section of plaster, tinged pink from wood
pigments, preserved the ongmal surface.

Dimensions: LR 101 cm; MaxW 17.§ cm; MinW 12 em; MaxTh
15 cm; MinTh 12 cm (eroded)
Fastenings: Three lashing mortises are on face A and edge C;
only mortise A is of the typical 7. s-8. § cm length. Mortises B
and C measure 3 cm wide and 2.5 em thick. Vertically aligned,
the mortises are 6.5 cm deep and are cut diagonally into the
plank so that chey meet in a “V.” Similar lashing mortises have
been recorded on the Cheops hull on the outer planking surface,
though these mortises appear on what is probably the inner
surface.

There are seven mortise-and-tenon joints, including partial
mortise 7 (s cm wide and § cm deep), in the squared end of the
timber.

The Frame (pls. 106, 115¢, 133)
Jd’E 60271+

The frame is constructed of three separate timbers joined by
both lashing and mortise-and-tenon joints. Timbers B and C
rest on the curved floar timber, whosc lower face bears a series
of uneven notches. Their ends do not abut, but mstead are
separated by a 50 cm gap that corresponds to a broad recessed
arez on the upper face of the floor timber. The cutboard end of
one of the timbers was broken off before it was excavated.
When discovered, the Lisht frame was in excellent condition.

irz2

Dimensions: LR 289 cm
MaxW: 22.5 cm {lower umber); 22.7, 21 cm (up-
per timbers)
MinW: 7.5 em (lower timber at end); 15 com (upper
timbers)
Th. of all imbers 12 ¢m

Fastenings: Four or possibly five kinds of fastenings are present
on the frame. Six mortises (3, 5,8-11) pass completely through
the frame, three m the floor timber and one each in the upper
timbers. Cylindrical holes on the lower face of the floor tim-
ber may have once received pegs, but there is no evidence for
or against this supposition. Mortise-and-tenon joints and L~
shaped lashing mortises are present, and each of the upper tim-
bers retains a single three-way set of lashing mortises (2 and 6;
see B-Bonpl 133).

Fastening patterns are regular. Lashing fastenmg 4 at the
squared end of timber B and fashing 7 near the pointed end of
timber C are on one face of the frame; the other contains lashing
mortise 24 near the squared end of timber C and lashing mortise
20 near the curved end of timber B. This arrangement provides
a complex interlocking system that joins the timbers without
weakening frame structure,

The lower faces of timbers B and C are also joined to the
upper face of floor timber A by tenons in mortises 19, 21-23,
25, and 26. The fastening pattern on the upper face of timber
A is an alternating one of tenons (1) and lashing (L): T-L-T-L-T,
the recessed area, then T-L-T-L-T again.

Both lashing mortises and mortise-and-tenon joints can be
seen on the upper faces of tmbers B and C. No mortises are
present in the squared ends of B or C.

The Model Boat from the Mastaba of Imhotep (pl. 177a-b)

The boat model was in poor condition when excavated n 1614
and again in 1986 when it was recorded. The wood is fragmen-
tary and has undergone severe shrinkage and checking, but a
naturai mold of the boat and its planking pattern existed in the
surrounding earth.

This boat model was constructed of individual planks held
together by mortise-and-tenon joints. Four strakes rose on
either side of a thicker central plank, and boat ends were capped
by papyriform finals,

The wood, tentatively identified as tamarisk, had been coated
with plaster betore it was painted, and fragments of these mate-
rials remain. The lower part of the hull was painted green and
the gunwale retained red and blue stripes,

Dimensions: LR 195 cm; MaxW ca. 40 cm; D 11 cm
Fastenings: Tenons 4 cm wide and 6-8 cm long held the plank
edges together. The original thickness was probably close to
the maximuwm remaining plank thickness of only 1 am. No
mottises were preserved, and no trace of lashing was visible,
Scarfs: The four strakes above the central plank are shaped and
scarfed like those in the Dahshur boats.






