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CONSERVATION AND AS30CIATSD EXAMINATION OF A HOMAN CHEST PROVIDE
EVIDENCE FOR WOODWORKING TECHNIQUES

Absﬁruct

The notable find of a Roman chest was made at Bradwell Villa in 1976,
The conservation technigques employed in order to obtain the maximum
informatioﬂ from the remains areudescribed'bolow. Detailed recording and
examination of the iron fittings and associated replaced wood have provided

~evidence for ‘the methods of construction employed, including the use of dovetail

joints.



CONSERVATION AND ASSOCIATED EXAMINATION OF A ROMAN CHEST PROVIDE
EVIDENCE FOR WOODWOuKING TECHNIWUES

Carole Keepax and !'aureen Robson,Ancient Monuments lLaboratory, Department of

the Environment, 2% Savile Row, London W1, England.

The chest was digeovered in 1976 during archaeological excavatiens,directed by
Mr H.S,Green,of the Roman Villa at Bradwell, Milton Keynes, Buckinghamshire..
It was found in the ill of a first/early second century AD ditch which
underlay a circular building of third/fourth century date, and was
recognised by the presence of the iron fittings found in situ although the

original wooden structure had decayed, ( Fig. 1).

It was decided that the find merited X-rudiographic examination to establish

contant,conservation,and detuiled study to permit reconstruction of the cheste

Conservation

The conservation work was divided into five main stages.

1. Protective packing and lifting in the field, Preparation for transport

Careful excavation of the chest had exposed the iron fittings, leaving
them embedded in a so0il block. It was decided to 1lift this in one piece.
Special attention was given to loose or fragile areas. Fissures within
the gorl block at the sites of the iron fittings, and cracks within the iron
structure were reinforced with a cellulose nitrate consolidant (‘H.M.G'adheivo dilka ted

with acetone), All overhangs and corners were filled with crumpled absorbent
tissue and the whole object encased in acid-free tissue paper bound with
masking tape. The sides were reinforced with scrim (an open-weave bandage)
and gaps padded out with tissues. Aluminium foil was moulded round the
block. The chest was 1solated on a soil plinth. A plywood box lined with
aluminium foil was placed over the object and filled with polyurethane foanm,

(Bivbitoane @M 118, frow Bibby Chemicals Ltd ).



i . . | g " . .
hie twie Iayers of slaminuim o, taclittated removal of the foam jacket

in the lavoratory. Jhisel  were jnserted acder the object and rotated 1n

a4 circularhorizonta! pisane to free tue object from its plinth.

7. Removal of the protective packing material

It was then trensported to the laboratory where the reverse of the
packing procedure was carried out after x-radiopgraphy of the block.
The undercuts and fissurces a3 the sites of the 1ron fittings were bridged
with dental wax (whict had been warmed and worked into a putty-like
consistency) to prevent their movement. A 50% solution of methacrylate
ester (Bedacryl in toluene) was used to strengthen the attachment of the

iron straps onto the back of the soil block.

3. Recording and measurement ip gitu of the fittings

A drawing to scale and photographic record were made of the iron
fittings in situ before excavating the soil block. Thiswas carried out in
quadrants , and all the iron fittings were removed.Despite careful examination,

no trace of contents (organic or inorganic) were found.

X-radiographs of all the iron fittings were taken prior to cleaning
to establish their shape, the amount of metal remaining and the location

of nalls obscured oy iron corrosion products and soil.

‘

+. Cleaning, conservation and stabilisation of the iron fittings

501l adhering to the iron corrosion was carefully removed by picking
with a sharpened needle held in a pin vice. The work was carried out under
a microscope at low magnification (x12.5). Iron-replaced wood (Keepax, 1975)
was then revealed on the inner surfaces of the fittings, and detailed

examination was carried out (see below).


http:prevp.nt

A polybuty! methacrylate resin in toluene was used to consolidate the
iron-replaced wood as each area was cleaned. ‘lne otrength of the solution
used was varied from 1-10% according to Lhe state of the remains. Corroslon
products obscuring the shape of the iron fittings were gradually removed

using an air abrasive unit and dental tools.

Stabilisation, involving the removal of all soluble salts (particularly ’
chlorides) was necessary as small pockets of 'active'" ferric chloride had
been observed on the surfaces of the iron fittings. These were placed in
cold distilled water in a thermostatically controlled tank fitted with an
electric stirring device. During the day the water was heated to 60°C and
was circulated through the tank and a deioniser by means of a pump, thus
forming a continuous washing gygfgzs’A?YZQéht the temperature was reduced
to 40°C and the pump was switched off. The conductivity of the wash water was

that of

recorded daily.After ten days,when three consecutive readings had matched'(tho origina]
distilled water,it was felt that a degree of stabilisation had been achieved.The

fittings were then air drisd and immersed in molten microcrystalline wax to

provide some protection against further contamination.

5. Reconstruction of the chest on a perspex mount

A box was constructed from " perspex to the approximate dimensions of
the chest. Slots were cut to receive the fittings which were attached in

their correct relative positions and held in place by nylon thread.

General description

The chest measured approximately 450mm wide x 370mm deep x 340mm high.
There were eight decorative iron corner clamps. The chest had been partially
bound with two parallel iron straps which passed under the lid, down the
back, across the base and part of the way up the front. These were hinged

#t the top to allow lifting of the lid. Each hinge consisted of two plates



O one strap, eithec side of o cential pote o Lihie top strap and held 1o
place by a pivot, we.a utriap hanpe crieve, 190 ). Tne basce was attached

by eight nails, and eight similar nails were also tound at the sites of the
corner clamps. ln addition, each clamp had been attached by two nails
inserted I'rom the outside and hammered over on the inside. All the nails
were square in cection with @ circular head and tapering shaft. Remains of
wood replaced by iron corrosion products had survived on the upper surfaces
of the lid straps, the inner surfaces of the straps and corner clamps,

and on the nails.

Visual inspection of tne block suggested that the fittings had undergone

slight movement after burial. The ends of the straps at the back were

in a lower position than the front, both from and back straps tilted

backwards and the vertical distance between each palr of corner clamps

was less at the front than at the back of the chest. This suggests that

the back ends of the straps had been pushed slightly downwards, and the

front of the chest had been crushed downwards and inwards. The iron straps

supporting the lid had broken and these were uncovered in their correct

relative positinng pproximately one third of the way down the chest. The vertical

distance between cach base nail and the lowest edge of the adjacent clamp was 30mm at
Loe “vont of the chest and 50 mm at the back. The original distance between

t10 vottom of the chest and the base of the lower corner clamp was thought

o bave been 30 mm (the measurement being larger at the back due to the

sluking of the straps). The space between the clamps was about

120 mm (judging from their relative positions at the back of the chest

where they did not appear to have moved relative to each other), and the

measurement. from the underside of the 1id down to the top of the upper

corner clamp was approxinately 110mm.Bach clamp was 50 mm high.Therefore,

the total height ef the



chest wag 340 wme  This was confirmed vy the heipht of the back strap.

There is no evidence Lo supgest that the top strops were countersunk
into the wood at the back of the chest or the lid although in prectical
terms this was probably necessary to accommodate the 2 mm thickness of the

metal strap.

Examination of the iron-replaced wood revealed further details concerning

the construction of the chest. These are described below.

Iron-replaced wood

Wood buried in contact with an iron object becomes impregnated with
corrosion products from the metal. In most circumstances the original wood
ultimately decays away and its form is often preserved by the iron
corrosion products. This process has been described by Keepax (1975). The
grain direction of these remains is readily recognisable. When two pieces
of wood joined by a nail are buried, replacement will usually occur. The
grains of the two pleces are often visible on the nail so that the actual
position of the join, and hence the thickness of the top piece of wood,

may be determined. All of the wood remains examined were oak (guercus 8ps) «

l.uils attaching corner plates

These were driven through the corner clamps into the boards and hammered

over on the inside, indicating a board thickness of approximately 26 mm

i about 1),

teinforcing nails

cight further nails with replaced wood attached were found,one at the
site of each corner clamp. They were driven through the tails of the
fovetails on the front and the back into the end grain of the side.
sxamination of the nail shafts showed a change in wood grain 26 mm from the

nead, apain representing a board thickness of about 1", Most of these


http:iLlVetai.lf
http:einforcl.ng

nails were partialey covercd by the cornee ciampe. and 1n one instance a nail

wan st1ll attacheo by replaced wooa Lo 1 lo worier clamp.
Li d nai LS

The two tLop wstraps were each attached to the underside of the wooden
lid by three nailu siailar in appearance to the others, but with shorter
shafts. 1The &ix lid niils may well have been sawn to the required length
(ie. thickness of 1id board) prior to attaching the 1lid straps, or may
have been driven in whole and then sawn and hammered flush with the lid
surface. Four nails appeared to show evidence of a spreading of metal
at the ends of the shafts. The length of the nails was approximately 26 mm

which probably represents the original thickness of the 1lid.

Base nails

There were eight nails attaching the base of the chest, two on each
side. Most of these displayed a change of grain direction in the iron-
replaced wood at a distance of about 20 mm from the head. This suggested
that the base board was about 20 mm thick - a thinner board than that used to
construct the sides and 1id of the chest - assuming that the nails were

not countersunk.

Replaced wood was found on the inmer surface of the straps at the front,
btk and base of the chest. All observed grain ran in a longitudinal
direction. However, on close examination a slight change in grain direction
was noticed about 20 mm up from the base, corresponding with the thickness of
the base as indicated on the nails. (This suggests that the base nails were
not countersunk). The base was therefore nailed directly on to the bottom
of the chest, so that it was visible from the outside. The longitudinal grain
ran from left to right of the chest. The end grain would have been visible

from the sides.



Corner clampu

[ropn-replaced wooa ot variabre thio ke o (1~2Umm; wad obhsarved ou wwoust of
inner surfaces of the coruer-clampn.  oone areas displayed the end grain ot
the wood, and some longitudinal grain. These were plotted on graph paper

(Figs 29394 and9).

A chest constructed with simple butt joints would display longitudinal
grain only on one side of the corner clawp, while the other side would show
both grains (Fig.0). This was clearly not the case, as both halves of
the clamps from Bradwell Villa usually displayed grain running in two
directions ( Fige 7 ). 1n fact, the end grain areas on one half of each

clamp clearly represented the pin of a through dovetail joint (Fig,8).

It was possible to make various measurements relating to the dovetails

(Fig.9):-

The depth of the dovetails (a) apparently varied between 24 and 28 mm,
with an average of 26 mm. This agrees with the estimated thickness of the

boards obtained from the nails.

Tﬁe slope of the dovetails (along side b) apparently varied between 1 in 2
and 1 in 4.5. The variation may, however, have been exaggerated by slight
inaccuracies inherent in the material and the methods of measurement. The best
‘it penerally seemed to occur with a slope of 1 in 3.5. This is greater than
is oftern recommended for modern woodwork, which may be as little as 1 in 6 for
softwoods and ! in 8 for hardwoods (Brazier and Harris, 1969); although some

modern authors suggest a slope of 1 in 5 (Hayward, 1965).

Projections from available parts of the dovetails indicated that the
narrowest part of each pin (c) was about 12 mm and the widest part (d) 26 mm.
This conforms to the recommended modern practice (Brazier and Harris, 1969) of

naking the wider ends of the pins about the same measurement as the thickness

of the wood.,.

the



kach corner ¢ianp was positioned over 4 pin. Therefore, there 1s no
direct evidence to indicate the height of the tails (iﬁ.the distance between
two pins). Some inferences, however, nay be made from the available data.
At the back of the chest, the original positions of the corner clamps seemed
to have been preserved fairly well, and the 8Space between the top and
bottom clamps was about 100 mm. Various alternatives may therefore be
considered for the number of pins occurring between the corner clamps. There
is obviously insufficient space for four pins. L1f three intermediate pins
are postulated then the height of the tails would be about 27 mm, but this
measurement was at least 32 mm on corner clamp No. 1. It therefore seems

(or possibly none).

most likely that there were only one or two pins between the corner clampsn<

Two intermediate pins were arbitrar:ly selected for the reconstruction.

A number of clamps clearly showed longitudinal grain continuing into the
corner on both sides of the joint, both above the top pin and below the bottom
pin. This indicates that the dovetalls did not continue above and below the

clamps, and that the corners at these points were mitred.

The sugpgested arrengement of the dovetails is superimposed on the drawings
in Figs 2,3,4 and% . In most cases, the observed evidence fits into the
proposed reconstruction very well. There are a few departures from this which
seem to represent errors committed by the original carpenter. For example,
on correr clamp ho. 4 ine space cut to receive the pin is about 5 mm too wide.
The gap was filled with a wedge of wood easily distinguishable as the

growth rings run in different directions in the pin and wedge (see Figh ).

In each case, the direction of the annual rings on the upper corner
clamp differs from that on the clamp below it, suggesting that each board
was flat sawn (Morgan, 1975) from one side of a complete trunk (see Fig,6),

A plank split from the trunk would display parallel growth rings.



Discussior

The discovery of tnis chest i1s ol soume importance, as few Roman examples
have been found in Britain. Isolated metal fittings are fairly common, but there
are few known complete chests. Some are listed by Liversidge (1955), but these are
generally more decoralive than the Bradwell Vilila example, with elaborate bronze
plates. One comparable chiest for which details are published ig from Silchester
(Joyce, 1866). This was a large wooden strong box, built into a house tloof,
and therefore with iron fittings on the 1id only. The Bradwell Villa chest differed
in primary function, as the decorative fittings indicate that it was intended to
be seen. The thickness of the boards used for the Silchester chest was estimated

as 11", but there was no further evidence of the woodworking techniques employed.

Fortunately, examination of the iron fittings and associated replaced wood of
the Bradwell Villa chest has allowed many details of its construction to be
deduced, producing a fairly accurate reconstruction (see Fig,10. A number of

points of special interest arise from this, and are worthy of further discussion.

The presencedf large nails at the sites of the corner clamps has stimulated
some discussion (Musty and Manning, forthcoming). The use of such nails on a
chest 6f this type may seem puzzling, possibly suggesting that they were secondary.
This explanation, however, presents some difficulties as the nails apparently
underlie some of the corner clamps. Therefore (unless the clampalwere also
secondary) placing of the nails would have entailed temporary removal of the
clamps. A far simpler explanation is that the nails were used to secure the
joints at the time of construction. Cutting of the dovetails was not particularly
accurate (suggested by the presence of extra wedges of wood in some jointas):
therefore, they may have required tightening by addition of the nails. Goodman
(1977) states that this is a device sometimes used by modern carpenters, and is

known in the woodworking trade as "Chinese dovetails".



The presence of dovetail joints 1s particularly interesting. These were

known to the classical world, when they were referred to as the "little axe-~head"
W it metins e - ~ (Aldred, 1957), but actual examples are

relatively rare. Box joints were used on the "Queen's sarcophagus" of the

Early Hellenistic period from Kul-Oba (Sokol'skii, 1969). These were square,
however, and therefore not true dovetails. It is interesting to note that these
joints were also reinforced, in this case with wooden pina. A coffin from ‘
Khersones of 2nd-4th century AD date (Sokol'skii, 1969) displays true dovetail
joints and a mitred joint above the upper dovetail comparable to that deduced for
the Bradwell Villa chest. There is little evidence for early dovetails joints in
Britain. The most common examples are the planks with these joints sometimes used

for well linings, for example at Wickford (Wilson, 1970) and Southwark

(Schaaf, 1976),

Another interesting feature of the chest is apparent in the reconstruction
drawing (¥ig. 10 ). The overall appearance of the chest seems to be unbalanced,
with a large 'empty' area above the top bracket. One possible explanation for

this is proposed by Goodman (1977):-

"What I find rather strange is the suggested position of the two ranges of
corner clamps. When you are making a chest or coffer of this type the first atage
is to joint the four sides together and fix the bottom on. When fhia is done, the
lower half of the box issout as rigid as it can be., If you then propose to
strengthen the upper (open) half, the obvious thing to do is to put one set of

for example,§.M.5,0. 1974,P1. IV )
clamps as near the top as possible and the second somewhere near the niddl,‘ This
may have been what was intended originally, but after putting the sides together
the craftsman fitted the corner clamps in the required position before putting
the bottom on. He then may have taken a day or two off (Saturnalia ?), but

eventually coming back to his work and not feeling too good, instead of putting the

bottom on the bottom he put it on the top by mistake (?)"

10
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This explanation is appealing in its simplicity. Other alternatives include

the possibility that tne upper part of the chest was decorated in some way.

There 1s no evidence to iLadicate the method of securing the chest. The
possible use of a perishable fastening cannot be completely discounted, although
this would seem unlikely. Perhaps the lock was accidentally lost at aome ﬁtaga,
or was deliberately removed. Musty and Manning (forthcoming) suggest that an

elaborate lock might have been removed because of its value.

The chest,because of its special interest, was exhibited in the May 1977
ballot of the Society of Antiquaries and 1s accordingly described and briefly
discussed by Musty and Manning (forthcoming). Full details of the lifting of the

soil block and basic measurement data are given by Robson and Farrell (1977).

1"
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Captions for Figures.

*Fig.1 The Bradwell Villa chest fittings in the soil black

Figs 2~5 Inner surfaces of corner clamps indicating the distribution of iron-
replaced wood

Key -
4. end grain Enu direction of growth rings, || rlys)
end grain (direction of growth rings indistinct)
— longitudinal grain
#. direction of grain unclear
S fractured iroa
Unshaded areas-no wood surviving

Fig.6 Simple butt joint

Key:-
"0\ direction of growth rings

* FigeT7 Inner surface of & corner clamp displaying remains of a dovetail pin on
one side (left)

Pig.8 Through dovetail joint (key as in Fig. 6)
Fig.9 Pin of a dovetail with measurements indicated
Fig.10 Isometric reconstruction drawing of the chest

*¥Crown Copyright Reserved
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