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1. INTRODUCTION 
Fidd trials show that it is po_ible for the archaeological con5CrVator to remove intact larger fired or unfm:d clay 
IlTUCtUres using rdatively basic techniques. Local archaeological facilities are not always lufficient to resolve the 
problems presented by the occuional need to move large, well preserved. but fngile antiquities from the 
excavation lite. This rcpon discUIICS some basic principles involved in the safe transfer of I. large 'mass liable to 
disintqration' (MLD), and outlines some techniques used in recent field experiments on the lifting and removal 
f1i IUUctures in the 300-Z0,OOO Kg range:. Problems of lifting at shon notice arc mentioned. 

Recent yean have witnessed a remarkable increase in the worldwide threat of total destruction to many areas of 
archaeological interest. In the United Kingdom, extensive urban renewal, road construction schemes and the usc 
f1i modem agricultural techniques have generated a large procramme of archaeological excavations designed to 
recover information from a selection of the more important sites, which would othcrwillc vanish without a record 
f1i scientific inwstigation II, 21. Many thouands of artifacts arc recovered in the course of these operations and 
undergo the normal laboratory examination and treatment procedures evolved for dealing with such materiaL 

Certain artifacts. of course, need special care, and lifting techniques for their removal from the fidd arc weU 
established [3, 71. Luger objects present difficulties. Examples typifying the problems involved arc small 
sttucturc5 such u kilns or metal working furnaces. By virtue of their construction, UlICe or age, few survive 
relatively undamaged [4, 8]. The greater majority yidd useful archaeological information and, after systematic 
reeor~ and documentation, will be destroyed. HowCYCf, a minority of cases may warrant permanent 
preservation. On certain sites this could be highly impracticable in situ because of impending building 
construction or civil engineering works. In the rescue context of many current excavations it is therefore 
ncccssary to consider what rapid removal techniques arc available if preservation is desired. Archaeological 
imponance, rarity or completeness may indicate a cue for relocation. However, when faced with the proposed 
transfer of a large crumbling mass., built perhaps of flted clay or unmortared stonework, the excavator may be 
forgivnl if he initially regards the idea u impracticable. The occasional transfer of unstllblc material, of larger 
dimensions than those normally encountered, is usually achieved by sectioning into smaller fragments in order to 
&.cilitate removal. We have tbought it useful to assess the difficulties involved in lifting subject matter as one 
intact mass, normally weighing up to 1500 Kg. A recent project has, however, involved preparation of a block of 
about 20,000 Kg. 

At the lower end of the scale much may be achieved with basic resources but it is likely that a number of 
potential projects arc never considered bcc:a.use of the apparently insurmountable problems involved. These arc 
DOt always of a tecbnical nature. The conservation tc:chniques required arc essentially straightforward and the 
main problems resolve thc:msdves into questions of available finance, time and staff. Nowadays remarkable 
acbicvc:mc:nts arc possible and house, temple or palace may be moved using the resources of modern technology. 
Thc:sc larJt projects must be carefully prcplanned by the architect and civil engineer and backed by suitable and 
formidable technical means. Events in what may he termed 'rescue archaeology' cannot always be prc-detcr­
mined, and the archaeological conservator, who may be called upon at infrequent intervals to usist at fidd 
operations, gc:ncnlly has little more than basic equipment to deal with urgent cases. NeYcrtheless, even with 
imited resources, it is posible to remove successfully what we will defme here as the larger 'mass liable to 
disintcgtation' (MLD). There are, of course, problems: certain soil and rock fonnations, the Jtometry and 
proximity of other vital arclw::ological features, and the monage of time. 

It has been mentioned that certain structures may be dismantled and lifted in sections which arc of 
manapble proportions (3, 5]. In some circumstances, such as restricted access to the proposed museum display 
1R:a, this may be tbe only solution. Subsequent rc&S5Cmbly and reconstruction will provide an aceeptable 
compromise. Problems arise when handling certain IUUctural fabrics. which may be so weak after prolonged 
burial that sectioning can produce serious losses or possible total disintegration. In these cues, total lifting 
techniques arc advisable. 

There is no real substitute for actual fiddwork and the experience gained from recent projects has been 
invaluable in llSIICSSing: 

1. What can be achieved using basic equipment and materials. 
2. Requirements for successful rapid operations. 
3. Problems arising from compatibility of lifting work with any surrounding archaeological remains. 

2. LIFTING ~ PRELIMINARY DETAILS 
Work sbould preferably only go ahead after a close site examination and discussions with those responsible for 
the archamlogical upc:cts of tbe area and those concerned with the after-care of the material. Conservation work 
resolves itself into three distinct pba.scs: 

1. Insertion of a rigid hue under the MLD. 
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2. 	 The boxine in and intcrnaJ support of the MID (in order to minimi.ze ¥atiaI and latcn.l movancnt duriac 
transportation). 

3. Dctachmmt and removal of the boxed mus and its sublcquent tnruIport. 
Major tecbnical probielDl, if cncountcftd, will probably occur in pllUI! 1 and a flexible a~ must be adopted 
to deal with unexpected lOiI conditions or methods of OORItruction. Before work is 1UrtCd, it is of COlIne 
important to consider" tbe facton that will affect the prOlP'~ of the operation. Theile include: 
1. 	 Condition of the structure (or object). 
2. 	 Time available for completion of work. 
3. 	 Type of ricid frame to be iOlel'tcd. 
4. 	 Type of boxing and packqine required. 
S. Soil conditions; methods and lpac:c available for introduci.nc fnmework. 
6.. Space available to work ilL 
7. 	 Accas to sik and availability of luitable transport. 
8. 	 Removal intact? or in sections? Availability of liftinc equipment. 
9. 	 Liaison with site archaeologist and poIIible contlict with rernaining current archaeological activities or 

remains. 
10. 	Availability of suitable skilled team. 
11. 	Consolidation requirements. 
12. 	Weather; is alhdter required? 
13. 	 Final resting place; bow and where will it be displayed? 
14. Funds available:. 
IS. Safety mcuurcs [91. 

On urpt projects it is wise to consider r:besc poina at the earliest possible stage. Experience bas shown that 
what may appear at f'U"It sight to be of minor importance may seriously affect the time required for completion 
of work. 

Arcbaeological inw:stiption naturally takes precedence on the sik and, ideally. should be completed before 
the area is subjected to possible disturbance by the lifting operatiOIL In practice. this is not always feasible. 
Archaeological evidence may still remain beneath. or dose to the MID. and if subsequent cxcavuion is planned 
to continue on thc:sc J.cvcb. particular are must be taken whilst working in these: arcu. Nonna1ly. little conflict 
exists wben the lifting of small subjects is undertaken. but with those of larger dimensions, greater caution must 
be exercizcd in preventing unnecessary disturbance of neighbouring archaeological features. 

3. SOME BASIC METHODS 
3.1. Insertion of a rigid base or platform 
This is perhaps the most interc:sting p!we of the operation. A large MLD must ha'o"e a strong non-distorting base 
placed undc:meath it before any attempt at removal takes place, and it is evident that means must be provided to 
ruain the OWl intact wbi.lst this work is underuken. For a heavy subject it is obvious that an adequate base must 
be built up from a strong material capable of supporting the potential stresses and loading that wiD occur (one 
cubic metre of andswnc may woc:igb 2200 Kg). Concrete, Sled and wood are poIIible choices. The need for a 
",one ricid section. ea.-ble of bearing high loads with minimal deformation. is perhaps best met by the use of 
.ed plates or sections. pn:ferably of a size that may be bancIled with rdati'o"e cue. 1'bc:sc supports must. of 
counc, be introduced in a borizontal plane. beneath the MLD. th.rouJb previously bored opcninp or small 
tlllUlds; or, if soil conditions permit. by drivinc them underneath the IDUI using a mWl hydraulic ram or screw 
jack. The ucu around the sttuctul'e may hallie to be fully or partially excavated before this opcratiOIL In due 
COUI'K' the unsubIe ..... wiD be supported on a can:fuUy built-up platform of sotid plates. the ends of which may 
rae: on stcd p-dcn placed either side of the MLD. TheIle gir*rs can be subllequcndy railed up by jacks. thus 
d!:tadUnc the IDUI from its oriPnal ground support. If suittbly bolted or wr:Ided tOF"hcr. the main frame may 
be UKd as a mule when the boxed OWl ia f'maJly railed and tra.nsported. 

Soil conditioas will vary c:onsi.dcnbly &om site to site and will often ch-. beneath the strucnm:. For this 
R:uOO each project requires a w:ry can:ful examinatioo of the fOUDdation layen tCJFthu with an ............. of 
the c:apmty for suni..J of the material sttuc:tun:. If faced. for iDIwlce. with fOllDdanoDl of rc:J.ri¥dy soft aad, 
• wo.d be prc:fcnble to attaDpt a complete uadc:rpinni.ac. .... an unbrokco ua. of supportinc IUd plata. 
WIlere. howews'. tIM: sulHr:nacture compriIes an intcrlockiac. ticbdy-knit OWl of stone rubble. it may be poIIibIe 
10 iDIat IUd plata only at irnpIar intcnUs. but in atdl positioas that the toa! block ia capahIc of bc:inc safely 
railed. Simple jackiac equipment. widely a¥ailable. ia most useful under certain cooditioDs in bcI.piDg to iDIat the 
horizontal platform. especia.lly when it ia important to amid dam... under:Iyins kwk. 

3.2. Consolidation and iDtc:mt1l11pport 
A1thouab well supported at its base. the MLD. when isolated from its surroundinc soil matrix. will hallie a natural 
tmdeocy to coI.IapIe bcc:ause of its weicht and size. cspeciaIly if it is subjected to vil:w:atioo and lateral stn:DeI. 

11tis potcutial diluter may be aft:rted by a certain amount of 1IIrfaa: consolidation. and the subsequent 
application of a ricid rcinfOl'cing material capable of prOkcting the 1b'Uc:tun: from complete dcpadatioo or 
.naus erosion daring transit. What is required in practice is the application of a ricid outer skin or box arou.od 
the maa, and its encapsulation in a material capable of: 
1. 	providinc suitable protection aod IIIpport; 
2. 	bc:iDc readily removable in the fi.oal rccoDlb'Uction phac. 
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We have IIICd mone plywood (18-2S mm thicknell) for the eXU'rior skin and. primarily for n::uons of speed and 
weiaht1&vinc, have investigated the use of poIyurc:thene foam systCIDI u the embeddinc apt. Other materials, 
IUch u pluter of Paris or wdI-padted and. lOiI, .wdlllt or liahtw.t c:anena. could pollibly be utilized widt 
effect. but the properties of polyurethane foams offer certain adw.ntap. which in practice are diffic:ult to raist. 

The: foam system adopted wu Bibbithane RM 11'-. a fluorocarbon blown, diphenyl methane di-iloc:yanue 
"ted, room tcmpcnture curine. ricid formulation. suitable for bucket-tnixinc opcntions. The mat.eri.aJ is 
resistant to funpl Jl"owtb and hu ,ood load bearinc capacity. lIS use in the: Cleld bu been found va')' aa:eptable: 
altho. the desired physical properties are IlOt fully attained at tempcntures under' lO"e. It is Cllentw to UIC a 
"rria' or rdeuc apt u polyurethanes have extn:mdy cood adhesive properties. Aluminium foil has been found 
to be mOlt suitable. Some sbrinbte may be expected in the final 1Ctti.nc .. and mlllt be allowed for. The 
wa.rmcd foam pc-odUCl pc-oduced in the elWtbcrmic reaction contracts u it cools and IOIidifies, often leadinc to 
the formation of a thin cavity between the fac:eof the mat.eri.aJ and the protcc:tiw: foam filli..,. For this n::uon \R 

have found it advisable to build the: foam pac:kine up in layers, allowinc the previous mix to cool and contract, 
and then Callinc in the thin 2-S mm pp. caUled by contraction, with frab. foam. 

Consolidation of the friable surface fabric is often eaential, but this cannot always be fully achieved under 
fidd conditions. The foam. in addition to desirable weiaht savine c:harac:tcrUtics, provides a material which can be 
mnovcd at later stages with rdative cuc: causing minimal damacc to the fabric. Por this n::uon it is of creat value: 
when areas of somc:wbat doubtful stability cannot be fully impregnated on site. Experie:nce bu shown that there 
is a nc:cd for the application of foam IUpport at various periods throuchout the: dw-ation of the removal 
operations. Difficulties in underpinning may nec:csaitate the: protc:ction and embedding of a particularly wak 
-=ction of the: structure in order to pc-nent collapse during the work; any unwanted cavities appearing are readily 
and effectively fdled with this ricid foam. 

3.3. DetaCbment and lifting 
lifting is normally a straightforward operation and should present no particular pc-oblcms providing that local 
lifting equipment is obtainable. and good acc:eu to the site has been arranged. In areas wbere no spcc:ial.ized plant 
is available. some improvisation may be required; hoists and many willing hands may be the answer. If lifting 
cannot be achieved in time for subsequent building operations to start, it may be possible to move the boxed 
structure horiwntally to a temporary safe area by winching or towing on smooth ramps. The larger and heavier 
the finalloacL the more important it is to seek the: advice of a lifting specialist who will be CODc:erDc:d with the last 
stages of the operation. Large cased structures will require specially sited lifting points incorporated into the 
design of the basic stcel framework, and this must be under consideration at an early stage. 

Our main concern. however, is with the initial detac:hmc:nt of the MLD from its site. It will bave been 
protected on at least four sides by the wood outer shdl and inner foam support. and it will be resting on the 
inserted platform. SeYCral options are now open: 
1. 	The large boxed mass and its platform could rest an a framework of steel joists which are joined together. 

Provide:d that the box is strapped or bolted in some way to this fraJJ.'leW'ork to prevent sideways slip, it will be 
possible to lift the whole: in one complete operation. 

2. 	 Smaller subjects can be dca.lt with in a sim.ilar manner to 1 but proble:ms ariJc: if the: two supporting girders OD 
either side of the box are not Ctrtnly joined togctber by bolted linkiDg sections. 
The simplest approach is to lift the two side: main supportinc girders by means ofjacks placed under each c:od. In 

this way the whole MLD is raised, 00 its platform. about 5 to 8 em and is thus totally detached from its origina1 
matrix (Fipres 13a-d). Through the: gap c:reu.ed at the: buc, it will be possible to insert the wooden bottom of the 
CODta.ining box, Iowa- the jacks and, finally, withdraw ¥Cry c:.ardUIIy the platts of the: insc:r'ttd steel platform.lJ:sinc 
this tc:c:hnique. it is possible: to encase the: MLD completely in a wooden sbdl. The: wooden buc thus insc:r'ttd may be 
screwed to the adjoining vertic:a1 wooden wa1Is or held fumIy to the mISS by means ofsmpping. 

In a number of instaoccs, bowrw:r, it will be found extremdy diffic:ult to insert stcd supports in a n:plar 
horiwntal pattern because of undcrIying rubble foundatioo (Fipn: 15). AJ& a rault, the insertion of a fb.t wooden 
buc which will mate to the four wooden sides is impossible:. A solution here, after the top lid bas been attached and 
the: box tot&lly filled with polyurethane protection, is to smp the mcta1 platts of the: platform firmly to the boxed 
DIalS after it has been jacked up. The total pac:k.ace can then be Iiftcd and completely r(!\lased. The: subject will then 
be completely inverted but will rest on a solid bed ofripI foam, rady for tranSpOrt. 

Another solution is to raiIIf! the boxed .... with its firmly strapped base plates and to Iowa- it onto the 
traDlporting vehide, makinc sure that any rubble: which adbc:res fJrmfy to the bolDed stnIc:turc: is wdl ckar of the 
floor of the ¥chide. A further ~bility is to raise the MLD by iack.inc. to inxrt the wooden billie: and fill any 
spaces with foam befote lowc:rin, (Fipres 16, 17). 

Varying site conditions will c:alI for the: jucJcment of the CODICn'Iltor in sdectiDc the best appn:.c:h. Most of the 
above techniques helped to provide lOlutions in the following fleld pc-ojccu. which are djscusscd in dcuil. 

4. EXAMPLES 

4.1. Seventcentb-c:cntury glass furnac:c, centrallCplent 
The: author fll'St became acutely aware of the prac:tical problems to be soI¥Cd when asked to inftStiptt: the: 
feasibility of rc:movin,. fot public display, the remains of an early coal fired glass furnace (6]. It was understood 

.Infonnation on Bibbithane polyurethane: foam systems is obtainable from Bibby Oacmica1s Ltd, Ac:cringtoo 
BB5 2SL, England. 
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to be of a type hitherto unknown and first reactions were to use twentieth-century technoloey to lift and 
transport it intact. This optimism was soon tempered by the realization that there were a considerable number of 
formidable problems involved in such an undertakin,. In 1971 archaeological investigation continued. revealing a 
structure with substanti.al survivin, dry stone walling and an overall length of about 9 metres. With the resources 
and time available to the excavation team, it was decided that the best COUlK of action was to record fuHy and 
dUmande the stone walling and archways for futurt: reconstruction at the museum. This method of removal 
appeared to provide a mOlt acceptable procedure for future rebuilding of the structure in the confines of the 
dUplay gallery. 

Although dismantling and crating of the stonework could go ahead, one embarrallling and unwieldy section 
which existed in the centre of the structure pointed to the need for an approach based on normal techniques of 
lifting smaller archaeological objects. Our problem was a siege platform upon which the crucible vellels had relted 
in the furnace. A larle proportion had survived and it was c:uenti.al to retain it in its entirety. The brief, therefore, 
was quite simple: means had to be: deviled to detach and protect the siege core for transport to the museum 30 
miles away. First thoughts were not encouraging, as this part of the structure was composed of a fused and partly 
friable mass of and, slag, stone and crucible remains which were 'welded' on to the central stone flue. 

In the event, the main part of the operation proceeded smoothly in a matter of days, the actual time span 
be:ing about four weeks as a consequence of the unavoidable archaeological investigation required. This is a matter 
which cannot be: overstressed. The interaction of lifting operations and the detailed careful excavation of nearby 
areas may be complex, and close liaison and planning at the outset is essential. If an intricate removal exercise is 
planned during primary excavation, a rigid timetable may be rendered quite inoperative by fresh archaeological 
discoveries. The scheme adopted followed the pattern: 

1. 	 Initi.al surface consolidation of soft and powdered areas using a solution of polyvinyl acetate in an 
ethanol/acetone mixture. 

2. 	Application of aluminium foil to all exposed surfaces (Figure O. 
3. 	Construction of a strong wooden box around the central siege mass and application of polyurethane foam to 

fill aU interior cavities. 
4. 	A series of holes were made using conventional masonry drills with extension pieces, at the boundary 

(interface) of the fused base of the siege mass and the upper surface of the flue stone walling. These circular 
openings served as guide channels for a series of horizontal stc:cl channel support sections (5 cm by 2.5 em), 
which were sharpened to a V-profile at one end and driven in by simply tapping the other end (Figure 2). 

5. 	 At this stage, the solid mass WllS protected at the sides and partially severed at its base by the steel inserts. 
Detachment was achieved as follows. The surrounding areas of trenching were carefully filled, using soil and 
wood planks, to a level where it was possible to place two small steel girders under and either side of the 
inserted steel channel supports. These girders were then raised by jacks placed underneath, resulting in the 
lifting of the steel supports and hence the boxed. protected siege mass. 

6. 	The wooden base of the box was inserted into the newly created gap caused by the upward displacement of 
the siege mass. The box was then surrounded by slings and lifted by a mobile erane. 

7. 	The metal channel supports were now easily extracted, and the packaged mass then inverted with the aid of 
crane and manual effort, so that the previously attached lid now be:came the base. Our original intention was 
to encapsulate the. siege platform completely with the polyurethane foam but in the final stages of tilling the 
wooden casing we discovered the supply of the material was exhausted. A relatively small space remained to be 
tilled and this was therefore packed with fine soil be:fore the lid was positioned. 

4.2. A second-century Romano-British pottery kiln 
In 1973, archaeological investigations prior to the implementation of a major road improvement scheme were 
undertaken on part of a Roman settlement near Ipswich. Suffolk. Amongst the features revealed WllS a 
seconck:entury pottery kiln which, be:ing reasonably complete, had some claim to preservation. preferably for 
public display. At a short site meeting, two weeks before the road construction unit WllS due to commence 
operations., it was decided that an attempt would be: made to remove the kiln intact in one swift operation. 

An intense period of activity then began. Careful measurements and estimates were made and a steel raft 
constructed which could be: inserted in sections under the structure (Figure 3). The main frame was designed so 
that it could be: bolted together in situ. Because of the limitations of space inside the chamber, there be:ing just 
sufficient room for a single person to work. it was reluctantly decided to remove a small surviving central day 
pedestal by conventional boxing. and lifting it vertically through the top of the kiln. Once completed. this 
operation enabled us to obtain the improved access that was required for the subsequent treatment of the inner 
surface of the structure. It also helped to provide space for the insertion of the central steel H-beam. the two 
outer girders be:ing positioned in two side tunnels which were excavated carefully in the clay and sandy gravel soil 
(Figures 113., b). Across these: longitudinal side girders, short steel plates (10 em wide. 1 em thick and 75 em in 
length) were inserted, with their ends resting on the top of the outer girders and the main central be:am. The 
plates were placed in this position by using screw jacks which were located horizontally on both sides of 
the kiln. 

The tU'ing chamber had been constructed of clay and it was dear that certain areas required some form of 
consolidative treatment. As little time was available and much work could be: completed at a later restoration 
phase, it WllS decided to spray the most affected areas, which were in danger of be:coming detached, with a 
solution of polyvinyl acetate in ethanol. This provided reasonable short-term protection. The interior surfaces 
were covered with aluminium foil and the whole cavity f'llied. in several operations. with polyurethane foam. The 
stabilized structure was enclosed in a strong wood box, aU remaining cavities being tilled with foam (Figure 4). 
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The whole was then strapped by a small steel frame to the main steel lifting platform. This was neccl&lU)' in ocder 
to counteract the results of any possible sideways tiJt during the lifting and un.loading operations. On the fmal 
day of the project, the whole mass was raised lwifdy and uneventfully, loaded and ttansported six miles in two 
hours to the museum store (Figure S). 

4.3. A small eArly iron furnace 
Excavations at a large ironstone quarry in Northa.mptonshire, extending over I. period of years, had revealed an 
Iron Age settlement, Roman agricultural activities and numerous remains of iron smelting furnaces. These 
structures, set in pits dug in the natural bedrock. provided evidence of iron-working activity that had continued 
into the Roman period. Out of a group of about 30, one small furnace was found in a reasonably complete 
condition towards the final stages of the 1974 excavations, and it was decided to attempt to raise it in one 
complete operation. 

The site was situated on a bed of Upper Lincolnshire Limestone. Surface soiJ conditions were variable. The 
area we were concerned with consisted of limestone rubble. marly clay and sand mixture with a large unsuitable 
natural cavity existing beneath the structure. although this was not discovered until the latter stages of the 
operation. 

One of the objects of this exercise was to assess the practical aspects of removal from a matrix such as the 
limestone rubble in which the structure was embedded (Figure 6). The clay fabric of the small firing chamber was 
friable and liable to complete disintegration after its prolonged burial. Its base was soft and appeared poorly fired. 
A brief visit to the site a month before the main work was planned to commence indicated what equipment was 
required and also provided an opportunity for first aid treatment. As there were doubts regarding the stabiJity of 
the circular day walling, it was protected by lining the interior surface with thin aluminium foil and then filling 
the chamber with polyurethane foam (Figure 7). 

On our return to the site. the main problem appeared to be the insertion of a rigid base. There was, in fact, no 
alternative but to excavate small tunnels beneath the mass and remove the rubble (fragments up to 30 cm in 
diameter) by levering, chiselling and trowelling. This somewhat crude but vital exercise was happily completed in 
a shorter period than originally estimated. Each tunnel was started from both sides of the structure. When 
completed, metal support plates (120 cm by 10 cm by 1 em) were inserted and held in position by wooden 
chocks (Figure 8). Any interspace between the base of the structure and top of the steel plate was filled with 
polyurethane foam placed in a polythene bag. It was thus possible to place the mixed liquid components in 
rdatively inaccessible 'cells' which became potential load-bearing columns after the foam had reacted and 
solidified. 

In this way the block containing the furnace was finally supported on several steel plates, as well as resting on 
some isolated rubble • pilla rs' which still remained uncut. The plates themselves were carried on two steel bo,,"­
sections (10 cm by 5 cm). The total mass was then encased in a 2.5 cm plywood shell, filled with foam, and raised 
by the action of hydraulic and screw jacks placed under the two main box sections. Final detachment was 
achieved by passing ropes around the base steel plates and the box, and then lifting onto the ground surface using 
a mobile quarry crane with the assistance of its maintenance team (Figure 9). We then reviewed the next phase of 
the operation. Time was short and there was a 100 mile journey to the museum store. Examination of the furnace 
base showed that it was going to be an extremely tedious procedure to'insert a wooden base, as was the original 
intention. There was, in fact, no real need to box completely. If the mass were reversed, time would be saved on 
site and a concrete base could be constructed at a later date when the display stage was reached. It would also 
afford an opportunity in the meantime for an examination of the furnace base if this was required. Accordingly 
the boxed structure was inverted, loaded and transported with remarkably little difficulty (Figure 10). 

4.4. Prehistoric burial mound 
Lifting techniques in archaeological investigation are not necessarily confined to subjects destined for permanent 
preservation. Soil blocks containing complex assemblages of highly deteriorated artifacts are occasionally sent to 
the archaeological laboratory for more detailed examination. A recent field exercise (currently under way) 
iIlusttates both the preservation and the investigation aspects that may be involved. 

The central grave pit of a prehistoric burial mound in Lincolnshire had been located during excavation and the 
laboratory was asked to provide aid for the removal intact of a rare and interesting planked wood structure 
preserved as a friable mass of charred wood. Our two main objectives were: 
1. 	To preserve the remains intact for possible future display. 
2. 	 To examine the lower surface for further information on methods of construction and use. 

Soil conditions appeared to be excellent for a routine lifting operation but the plan had to be abandoned when 
it was realized that the wooden structure overlaid a pit containing important archaeological evidence. The next 
approach appeared to provide a satisfactory solution to the problem of detailed excavation underneath the very 
fragile wooden remains: 
1. 	A larger soil block would be detached 0.8 by 1 by 1 metre). 
2. 	 The soil block would be carefully protected and completely boxed. Once detached it would be inverted. 
3. 	 Detailed archaeological excavation could then proceed on the pit remains with recovery of the desired 

information. The planked structure remaining, and in one piece, could undergo further laboratory examination 
and conservation. 

Figures 14a-c illustrate the proposed approach, which had to be postponed because of extremely poor weather 
conditions. 
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S. CONCL.USION 
A snWI numbel' of field trials on difficult subjects hu shown that succcaful results arc pouible in lifting 
operations using buic equipment. Further work is required on techniques for rapid completion of work. Recently 
preparations have been completed for raising a kiln of about 20,000 K, weicht (4 by 2.S by 2 metres), and it is 
hoped to report on this exercilC later in 1975. 
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Figure 1. 	 Remains of a siege platform from an early seventeenth-century coal-IU'ed glass 
furnace, showing the application of an aluminium foil barrier prior to 
embedding in a polyurethane foam. 

Figure 2. The first two steel channel sections of the supponing stage are inserted at the 
base of the protected, boxed, siege mass. 
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Figure 3. 	 Steel platfonn prior to insertion under the pottery kiln, 
which is visible in the background. The two main 
support girders are 220 em in length. (Photo: Ancient 
Monuments Laboratory). 

Figure 4. 	 The kiln walls, covered with aluminium foil and in a 
wooden box, are embedded in polyurethane foam. 
(Photo: Ancient Monuments Laboratory). 

Figure S. 	 Boxed kiln is lifted. Note small steel frame which 
provides the lifting points. (Photo: Ancient Monuments 
Laboratory). 
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Figure 6. 	 Rear of isolated furnace block shows the 
extent of rubble matrix. Photo: Ancient 
Monuments Laboratory). 

Figure 7. 	 The small iron furnace, after being Figure 8. Boxed structure rests on inserted 
isolated from adjoining rubble matrix steel plates. Note wooden chocks be­
and protected with polyurethane tween plates and main steel side 
foam, is ready for the underpinning supports. (Photo: Ancient Monu­
stage. (Photo: Ancient Monuments ments Laboratory). 
Laboratory). 



Figure 9. 	 Furnace is lifted to ground surface; plates 
have been strapped to wooden box. 
(Photo: Ancient Monuments Labora­
tory). 
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Figure 10. 	 Boxed structure is carefully inverted 
before metal plates are removed. (Photo: 
Ancient Monuments Laboratory). 
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Figures 11a,b. Stages in underpinning kiln: 
Figure 12. A method of inscrtm, a metalA. Insertion of steel girder, with plan showing extraction of soil from tunnels. 

support plate 1lS.i", a simple jaclt.B. Plan of kiln structure, showing polyurethane foam and wooden box with 
..... 
0- steel underpinning . 
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Figures 13a,b,c,d Stages in boxing a structure. 
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Figures 14a,b.c Stages in detachment and inversion of a soil block . 
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Figure 16. Rubble foundation is 
difficult to extract and rests 
between metal plates which 
suppon the structure. 

Figure 15. Structure on rubble foundations 
has been detached. Metal su~port plates rest 
on wooden blocks on main SIde girders. 

Figure 1 7. Boxed structure has foam or 
concrete base inserted in final phue of 
detachment. 


