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CON;;iERVAT~i:ON AN u A.S:)OCIA'rSD EXAMtNATWN OF A HOlLAN CHEST PROVIDE 

EV l DENCE FOR WOODWORKHlC T~CHUr",UB:;j 

Abstr'uct 

The notable find nl' R Homan r.hest Wafl marie at Bradwell Villa in '976~ 

'!'he conoerva t ioll ter:hniq'..les employed in order to obtain the maxiliuDl 

informat i on from thf ' J' 1: ma.lTl.' i are ' uescrihed hoLo",. Uetailed recording and 

examination of the iron fi. t~ings and as,~ociated replaced wood have provided 

evidence for the rncthvdE.; of construction employed, including the use of dovetail 

joints. 



CONSERVA.TJOll AND AS~OC lATED EXAMINATION OF' A ROMAN CHE5'r PROVIDE 

EVIDENCE FOR WOO DWULt.K IN O TECHNI'-/.UE3 

C· ro l e Keepax Clnd t 'fllln'l ~n Hobso n. Ancient 1·'oliume nt5 Labora tor y J Depa r tment o f 


the Environment , 23 Siiv:ile How, London W1,E;ngland. 


The che .::.,t wa ~i di cc ·wc;reri in ll)76 during archaeological exoavatl.na, cii rected b~ 

!V,r Il. S.Green, o f Llw HomaTi Villa at Bradwell, hilton Keynes, Buckingha mshire. 

1 t WliS f ou nd in th e fill of a first/eady s econd centur y AD ditch which 

underlay a circular buildinf, of third/fourth century date, and was 

recogni sed by t h e pre se nce of the iron fittings found in situ although the 

original wooden st r uct ure had decayed, ( Fig. 1). 

I t was decided that the find meri ted X-r-~ d1 ~gnphic examine tion to est. blish 

cont,;,nt. c onaerva Uon,awi rietlii led etudJ' 1;0 perrnit recons truction of the chest. 

Conservation 


The conservation work was di vided into fi ve main stages. 


1. Protecti ve pac k ing and lifting in the field, t'reparation for transport 

Careful exc a vation of the chest had exposed the iron fittings, leaving 


t hem embedded in a soil block. It was decided to lift this in one pie c e. 


~pe ci.al attent i on was g iven to loose or fragile areas. Fissures within 


th,' ~oil block at t h e sites of the iron fittings, and cracks within t he iron 


I'uc ture were reinfo rce d wi th a cellulose ni t r ate consolidant ('H.M.G'adhesive dlU1Id 

tri. th ac('tone ). All o verha n gs and corners were filled with crumpled absorbent 

ti ssue and t he whole object encased in acid-free tissue paper bound with 

rrlask i lLt!, tape. The sid s were r einfo r ced with scrim (an open-weave bandage) 

and gaps pa dded out wi th tissue o. Aluminium foil was moulded round the 

blork. The che st WQS isolated on a soi l plinth. A plywood box lined wi th 

a l umin ium foil wa s pla ce d o ver the objec t and filled with polyurethane f oam, 

( Eli 'obi tuane aM 118, frol~ Bibby Chemica l s Ltd ). 
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;h ! : 1' : W,l',' i r. :; I ' l't. I ,· 1 ,H, ;ier t h( n tl j e c t and r otated in 

? 	 Remo val of th l' protp. c tiv f! pa .kine; lTlat e rial 

It WiI" then trl1o c port p- d to thl: labo riJtory wher e the reverse of the 

pa c k i ng pro c e dure WiJ::' ;: ;l1'!' Lcd Ollt after x-r'adio j-'; l'aphy of the block. 

The underr:ut~i and fifi~, \irL' S iJj tht~ fiite ~ of the 1ro n fittings were bridged 

with dental wax (whi cI , had been wa rnled and wo rke d jnto a putty-like 

coos istt'!ocy) to prevp.nt. their mo vement. A 5(},,6 solution of methacrylate 

e s ter ( Bedacryl in tolue ne) Wi:ir; u" e rl t o strenl.5then the attachment of the 

iron s trapH onto the back o f the Ha il block. 

3. 	 Hecor d ing and measur e ment 10 6itu o f the fittings 

A drawing to Bcal e and photogra phic re cord were made of the iron 

fittings in situ before exc avtl.ting the soil blo ck. Th:iswas carried out in 

q ult&drant a ,and all t.he iron fittin gs were removed. Despite careful examination, 

no t r a ce of con t ent s (orgolnic or inorg«.nic) were found. 

X-radL o v,raph s of all the iron fitt i ngs were taken prior to cleaning 

to e stabli s h treir shape I the a mount of metal r emaining and the location 

of nail s obscure d by iron corrosion products and soil. 

-'. ~'i .~Fuli ng. c o ns e r vation and s tabil isat ion of the iron fittings 

Jail ~ dh er i ng t o the iron corroBion was carefully removed by picking 

with a s ha rpened ne e dl e hel d in a pin vi ce. The wor k was carried out under 

a mi c rosco pe at low magnif i cation (x1 2. 5). Iron-replaced wood (Keepax, 1975) 

wa s then revealed on the inner surfaces of the fi ttings, and detailed 

eX i:i ml nation was carrie d out ( see below). 
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A polybut y l m(~ Ull\ . r yl f.l t r('~irl in tolllf.'ne Wfif; llij ed to conso l i date the 

iron-re pl aced woOd n:; CLic h dreu '-"at> ( 1 '-:fHtf'd. TnE: "U'erwth of the solution 

used wab varied from 1-1~ according to Uw titC1t.e of the re mains. Corrosion 

products obscur ing the shape of the iron fittings were gradually removed 

using an air abrasive unit and dental tools. 

Stubilisation, involvinr; the removal of all soluble salts (particularly 

chlorides) was nece65ary [j,6 small pockeU; of "active" ferric chloride had 

been obs e rved OIl the surfaceo of the iron fittings. These were placed in 

cold distilled water ~n F.I thermostatically controlled tank fitted with an 

electric stirr i ng device. Uuring the day the wate r was heated to 6o°c and 

was ci r cula ted through the tank and a deioniser by means of a pump, thus 

( Cross,lQ7')).
f ormi ng a continuous wBshing cyc e~ At ~!ght the temperature was reduced 

to 400 C and the pump was switched off. The conductivity of the wash water was 
that of 

re corded daily.Aft~r ten day~,when three consecutive readings had matched~the original 

d~ eti l Ie d w& t er, it Wii.S felt tha t a. degree of stabilisation b.adbeen .achleved.'Ihe 

fi t ti ngs we re then air dried and ilIlnerfjed in mol ten microcrystalline wax to 

provi de some protecti on a ga i nst further cont.min.tion. 

5. Re construc tion of t he chest on a perspex mount 

A box was const ructed from ~'r perspex to the approximate dimensions of 

the chest. '::; l ots were cut to re ceive the fittings which were attached in 

t he, tr correct rela tive posi tion6 and held in place by nylon thread. 

General description 

The ches t measured appr oximately 45 0mm wide x 370mm deep x 34Dmm high. 

'rhere were eigh l decorative i ro n corner clamps. The chest had been partially 

bound with two parallel iron straps which passed under the lid, down the 

back, d c r Of;S the bas e and part of the way up the front. These were hinged 

Itt the lop to a llow lifting of th e lid. Each hinge consisted of two plates 
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by eight na il ti t a nd eight s i mi l a r Tl ed.l!'> were u1 80 found at the Bite s o f the 


COr'Iler t:lClIlIP:,. I n udditiofl, each r:li' mp had beer, :iI.!.uched by two nails 


inht.' r tt.:d 1"r'llrTi Ih\~ outtildn And hammer·e(t (lv"r un the inside. All the nails 


we n: :..;quurl: ir, ;~ec ti , >n wii.h i , Clrculdr h ei:itl i trl l i tapering Bhaft. Hemains of 


\oIo o d replaced by i rOf! CO ITO fi lon produ c t t: had survi veu on the upper surfaces 


of the lid f) trapb, the inn!~r surfnct-:!: of th0 s trap ,·; and corner clamps, 


anll on the nail s . 


Vil.iual infjpectioTi of" Lm~ bJo c; k suggested that the fittings had undergone 

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

in a lower po~>itiur : than th e front, both frort and back straps tilted 

backwnrd ~ and the ver ti cal d istance between ea c h pair of corner clamps 

wa:, l e I' :'" Ed . the fr on t than ut the ba c k of the chest. This sugge sts that 

thn back enos of the litr i1pS had been pushed. slightly downwards, and the 

f"rQnt of the chest h ad been crushed downwards and inwards. The iron straps 

;;upporting th~ Lid had broken and these were unc o vered in their correct 

relative po.slti'lns,pproximately one third of the way down the chest . The vertical 

dl.Lj liln C' ~ betv: r; erl ,::ar,h ba se nail and the lowest edge of the a.djllcent clamp was }0nID a~ 

'-(Ie 	 " J'iI Ilj' rh. , chc:.;t a nd ')0 mm at the bac k. The or iginal distance between 

: .J' (lot L O lli 'I f th e Ghent a nd the base of the lower cor ner clamp was thought 

t. o hHVC h ~ en 50 mm ~ the measu r ement being larger at the back due to the 


~ .i nk lnr; of" th p strapt=;). The ap.ce between the clamps was about 


1~)() mrn ~ judg i ng from their relative posi tions at the back of the chest 


where t he y did not app e ar to have moved relative to each other), and t h e 


rnca~;Ul'p rr.e n'. f r o m the unders i de of the lid d o wn to the top of the upper 


corner 	olamp WQ3 a p proxinately 11Ornm.Each c l amp was 50 rom high.The refore, 


the to tal height er the 
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There i~j ltO c Vl de )l<: p. lO ~l.. gr;(! :; t. Ulilt th e t.o p .<;t raps were coun te rsunk 

into the wood at the back of the cIWfjl or the lid although in practical 

ter ms t his was probAbly ne cessary to accommodate the ;: ITIm thickness of the 

meta.l s trap . 

I::xami nation of the iron-replaced woor! revealed further details concerning 

t he construction of the chest. These are described below. 

Iron-replace d wood 

\~ood buried in contact wi th Fln i ron object becomes impregna ted wi th 

corrosion products from the metal. In most c ircumstances the original wood 

~ltimately decays away and its form is often preserved by the iron 

corr os i on products. This process has been described by Keepax (1975) . The 

grain di r ection of these remains is readily recognisable. When two pieces 

of wood joined by a nail are buried. replFlcement will usua.lly occur. The 

~rai ns of the two pieces are often visibl e on the nail 60 that the actual 

f~:,iti on of the j oin. and hence the thickness of the top piece of wood. 

may be determined. All of the wood remains examined were oak (Quercus sp.). 

[;"i1s a tt aching corner plates 

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

() '. " !" o n the in[jide, indicating a board thickness of approximately 26 rom 

\ ;~ 00 u l 1 t1 ) • 

li einforcl. ng nails 

i i ght fu r ther nails with replaced wood attached were found,o ne at t he 

:; i t e of e a ch corner clamp. They we r e drive n through the tails of the 

iLlVetai.l f; on the front and the- back into the end grain of the side • 

.~ X3m l ll'll ion of the nail shafts showed a change in wood grain 26 mOl fro m the 

: d'<I , cll~;'l.1 n r epresenting !l. board thickness of abou t 1". Mos t of these 
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Lid nuils 

'rhe two lop ; ; trap ~; were each attach(:d to the underside of the woo den 

lid by three nai i:; l a nll l;,r in i-.J.ppearan"e to the otherG, but with shorter 

fiha fts . Th e ei x lid. n ; , ll:; may well hHVP oeerl :.;<;.!rt to the required leng th 

( i.e. thicknes~, of j io bOCird) prior to attaching the lid straps, or may 

have be e n dri ve n in whole ;.U1d then sawn and hammered flush with the lid 

sur face. Four nai l s appeared. t o show evidence of a spreading of metal 

Ott the ends of the s haft s . The length of the nails was approximately 26 mm 

which probably repre se nts the original thickness of the lid. 

Ba~c na ilfi 

The re were eight nuil s attaching the base of the chest, two on each 

side. ~ ; ost of these displayed a change of grain direction in the iron­

r e pliiced wood at (l distance of about 20 mm from the head. This suggested 

that the haf'e board wa s about 20 DIm thick - a thinner boa r d than that used to 

"OIlGtruc t the Gide~> and lid of the chest - assuming that the nails wer e 

not counLersunk . 

St r a ps 

Rep l aced wood was found on the inner surface of t h e straps at the fron t , 

b;b ~ l<: :lnd base or t.he chest. All observed grain ran in a longitudinal 

ilu' c c tion. Howe ve r, on close examination a slight change in grain direction 

was noticed about 20 mm up f rom the base, corre sponding with the thioknesB o f 

th p. boop. as indi c a te d on the nails. (This suggests that the base nails were 

not countersunk). 'rhe base was therefore nailed directly on to the bottom 

of t h e chest, so t ha t it was vi s ible from the outside. The longitudinal grain 

r a n from le ft to right of t he chest. The end grain would have been visible 

f ro m t h f' s ides. 
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CO l' r ll ~ l' CLln'l-n ; 

Irnn-rep l ,Jt:. !d ".O(l (l , >t' v :,r.l.i>\)11 11.;, \{ J, " :; ( l'-"'}lJJl~ ) WiLl ut .'I! rved. Ou If)o;.;t o f t.he 

Lhe wood, unci. some lon~.lluJlnd i~rHl n. TheGe were plutted on graph paper 

(1"1 P;8 2,3, I.. and 5 ) • 

A cheE;l \~ ont;tru c t('rl wllh si mple butt .ioi(lt; ; woul d display longitudi nal 

grain o nly on one side of the corner c larl1p, while the other side would show 

both grains (Fi g. 6 ). This was clearly not the case, 6S both halves of 

the clamps from Bradwell Villa usually displayed grain running in two 

dire ctions ( Fig. 7 ). In fact, the end grain areas on one half of each 

clump cleurly repr esented the pin of a through dovetail joint (Fig,B). 

It was possible to make variou s measurements relating to the dovetails 

(Fi g. 9) :­

The depth of the novet a il s ( a) apparently varied between 24 and 28 aim, 

with an average of 26 mm. This agrees with the estimated thickness of the 

board s obtained fr om the nails. 

The 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 

in r\(:c ura c ie inhere nt in the material iind the methods of measurement. The best 

! ~ t 1r,f'nerl1l1y seemed to o ccur with a slope of 1 in 3.5. This is greater than 

if; oft en re commended for moder n wood·.lOrk, which may be as l ittle as 1 in 6 for 

soft woods and) in 8 for hardwoods (Brazier and Harris, 1969) i although some 

mo der n authort; suggest a slope of 1 in 5 (Hayward, 1965). 

Pro j ec tions f rom available parts of the dove tails indicated that the 

niir r ow e st part of each 'Pin (c) was about 12 mm and the widest part Cd) 26 moo. 

'['hi s c onfo rms to the recommended modern practice (Brazier a nd Harris, 1969) of 

n:aki ng the wi der end s of the pi ns about the same measurement as the t h ickness 

ot' the wood . 
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~ it ch cur'l lel' , ' J: tnJp wali po:..;it.iOCItod ove r "" pin. Theref ore, there is no 

uireet evi de nce t o lIHiic ate t he height of th (' t.iti 15 (i.e. thf: distance bet wee n 

two pinE.» . !,ome illfl:rpnc c [" however I mily be made from the available data. 

At. the back of' trw cheht, th e ori,,~in ;j l pucitions of the corner clamps see med 

to have been pre :;t"rvpr} fuirly weLL, i:llid the space between the top and 

bot tom cIampa WilD auout "100 mm. Varioilli 111 ternatives may therefore be 

cOllsidert~d fo r the nurnbf: r of pinfi occurrinp; between the corner clamp6. There 

is obviously i nbu ffic i ent ~;pa ce for four pins. I f three interaaediate pins 

are postulated then the height of the t.ailG would be about 27 1DIl, but this 

measurement wus a t lCUtjt 32 mm on corner clamp no. 1. It therefore 8eems 
(or pos.lbly none ) . 

mo st l ikely that ther ~ were only onp or t wo pin s between the corner clamps,! 

Two intermediate pinoS we re al'bi tr;u'lly se lected for the reconstruction. 

A number of cli:imp~; c le ·3rly shovled longi tudinal grain continuing into thf! 

c orner on bo th sidOR of' the joint, both ubove the top pin and below the bottom 

pin. This i.ndi cator; lh.'l.t thc dov etCl ilti did not continue above and below the 

clamps , and. that. the cu rner s at these points were mitred. 

The sugge s tf~ d an ,-.' nv,c menl of the dovetails is superimposed on the drawings 

a.nd 5. In most ca sen , the observed evidence fits into the 

propo tied r econstruct.ion very well. There are a few departures from this which 

f;p.e m t o r e pre sent error" ~; commi t ted by the original carpenter. For example, 

on corr:p.r c lump :.0. 4 I. ne space c ut to receive the pin is about 5 mm too wide . 

The I'~.,p ""a s fi ll d with <1 wedge of wood easily distinguishable as the 

grow h rings run in differ en t. di rections in the pin and wedge ( see Fig.5 ). 

In each case, the direction of the annual rings on the upper corner 

clamp dif fers from that on the clamp below it, suggesting that each board 

was flat sawn ( Horgan , 1975) from one side of a complete trunk (se6 Fig . 6) . 

A plank spli t fr om the trunk would display parallel growth rings. 
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1) i. fi(" 11 [ ; ! , 1 0 r, 

The disc overy 0 (' trll:.> c he :, i i s 0 1· /jD :lle i fIIpDr' l a nc ~, atl few Roman examples 

have been fo und in llri Laln. I so LaLe u metal fittings are fairl y common, but there 

are f80/ known compl ete chests • .some are Listed by Live rs idge (1955), but these a re 

general ly more decorat ive than the Bradwell Vi lla example, with elaborate bronze 

pla t e6 . One comparable chest for which details are published is from Silchester 

( J oyce. 1866 ), This was a large wooden strong box, built iDto a house floor, 

and therefore with i ron fi tting6 on the lid only. The Bradwell Villa chest dirtered 

in primary func t ion, as the decorative fitti ngs indicate that it was i nt ended to 

be seen. The thickness of the boards u6ed for the Silcheater cheat was estimated 

8S 1i", but there was no further evidence of the woodworking techniques employed. 

Fortunately, examination of the iron fittings and associated replaced wood of 

th e Bradwell Villa chest has allowed many details of its const r uction to be 

deduced, producing a fairly accurate reconstruction (see Fig.1d. A number of 

point s of special i nt erest ari6e from this, and are worthy of further discussion. 

The pres enc e c;4" l arge nails at the sites of the corner cIampa has stimulated 

Borne discussi on (Musty and Hanning, forthcoming). The use of such nails on a 

chest of this type may seem puzzling , possibly Buggesting that they were secondary. 

This explanation , however, presents some difficulties as the nails apparently 

underlie Bome of the corner clamps. Therefore (unless the clamps were also 

sec ondary) pl acing o f t he nails would have entailed temporary removal of the 

clamps . A far simpler expl anation is that the nails were used to secure the 

j oints at t he t i me o f const ruc t ion . Cutting of the dovetails was not particularl, 

accurate (suggested by the presenc e of extra wedges of wood in aoae jOints): 

t herefore, they may have required tighteni ng by addition of the nails. Goo~ 

(1977) states that thi s is • device somet imes used by modern carpenter s, and is 

known in the woodworking trade 88 "Chi nese dovetails". 
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'l'he presence 0 f' dove tail joints is part icu larl y i nteresting. These wer e 

known to t he classical worl d, when they were ref rred to as t he "little axe-head" 

~Aldre., 1957) , but actual exaaples are 

relatively rare. Box joints were used on t.he "Queen'6 88rcophagus" of tbe 

Earl y Hellenist ic per i od 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 reinforc ed. in this case with wooden pins. A cotfin from 

Khersones of 2nd-4 th century AD date (SoKol'skii, 1969) display. true dovetail 

j o i nts and a mitred joint above the upper dovetail comparable to that deduced for 

the Bradwell Vi lla chest. There is little evidenc e for early dovetails joints in 

Britain. The most common examples are the planks with these joints sometimes u.ed 

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

(Schaaf, 1976). 

Another interest ing fea ture of the chest is apparent in the reconstruct ion 

drawing (rig. 10 ). The overall appearance of the chest seems to be unbalanced. 

with a large 'empty' area above the top bracket. One possible explanation fo r 

this is proposed by Goodman (1977):­

"What I find rather strange is the suggested position of the tvo ranges ot 

corner clamps. When you are making a chest or coffer of this type the first sta, e 

is to joint the four sides toge ther and fix the bottom on. wnen this is done, the 

l ower half of the box isabou t as rigid as it can be. If you then propose to 

strengthen the upper (open ) hal f , the obvious thing to do is to put one set of 
tbr ..-mpl. ,ij.K.S~O. 1974,Pl.IV ) 

cl amps as near the top as possible and the second 80mevhere near the .iddl~ This 

may have been what was int ended originally, but after putting the aides together 

t he craftsman fi tt ed the corner clamps in the required posit i on before putt i nc 

tbe bottom on. He then may have t aken a day or tvo ott (Sat urnalia 1), but 

eventua~ coming back to hia vork and not feeling too good, i netead of putting the 

bottom on the bottom he put it on the top by mist ake (? )M 
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This explanation i t> Ilppe a l lflg 111 its s i mpliCil y. Other alterna tives i nclude 

the possi bili ty l ilt:lt l nt: upp t'r' pArt. of the cheb l WU o decorat ed in some way. 

There is no evidence to ioJJcate the method o f secur i ng the chest . Tho 

possible use of a penshable fastening cannot be completely discounted, although 

this would seem unlike l y. Perhaps t.be lock was acc identally lost at some stage, 

or was deliberately r emov ed. Musty and Hanning (forthcoming) suggest that aft 

elaborate lock might have been removed because of its value. 

The ches t,because of its special interest, was exhibited in the Ha,. 1977 

ballot of the Societ y of Antiquaries and is accordingly described and briefl,. 

di scussed by Musty and Hanning (forthcomi ng ). Full details of the li fting of the 

soi l block and basic measurement data are given by Robson and Farrell (1977). 
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Captions for Figures • 

..
Fig. 1 The Bradwell 'lIla cheat fi tt i ngs in the Boil blOCk 

Figs 2-5 Inner surfaces of corner clamps indicating the diatribution ot iron­

replaced wood 

Key 1­*-i: end grain ( .... di rection of growth rings, II ray_) 
end gra i n (di rec t i on of growth rings indistinct)=long! t udinal grain 

»~ direc t i on of grain unclear 
~ frao tured iro. 

Unahaded areaa-no wood surviving 

Fi g. 6 Simple butt joint 

Key 1­

·.;::\1.:"direction of growth rings 


~ Fig.7 Inner surface of a corner clamp display i ng remaill8 of a dovetail pin on 

one side (left) 

Fig.8 Through doveta i l joint ( key a8 in Fig. 6) 

Fig.9 Pin of • dove tai l wi t h measurements indicated 

Fig.10 Isome t r ic reconstruc tion dr awing of the cheat 

·Crown Copyright ieaerved 
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