RESEARCH REPORT SERIES no.33-2014

TREE-RING ANALYSIS OF TIMBERS FROM
THE BELLFRAME AND FOUNDATION BEAMS
SCIENTIFIC DATING REPORT

Martin Bridge

INTERVENTION ﬂ
AND ANALYSIS ENGLISH HERITAGE



This report has been prepared for use on the internet and the images within it
have been down-sampled to optimise downloading and printing speeds.

Please note that as a result of this down-sampling the images are not of the
highest quality and some of the fine detail may be lost Any person wishing
to obtain a high resolution copy of this report should refer to the ordering
information on the following page.




Research Report Series 33-2014

CHURCH OF SAINT ANDREVY,
WHITESTAUNTON,
SOMERSET

TREE-RING ANALYSIS OF TIMBERS FROM THE BELLFRAME
AND FOUNDATION BEAMS

Martin Bridge

NGR: ST 28048 10496
© English Heritage

ISSN 2046-9799 (Print)
ISSN 2046-9802 (Online)

The Research Report Series incorporates reports by the expert teams within the Investigation & Analysis
Division of the Heritage Frotection Department of Fnglish Heritage, alongside contributions from other
parts of the organisation. It repiaces the former Cenire for Archaecology Reports Seres, ihe
Archaeological Investigation Keport Series, the Architectural Investigation Report Seres, and the
Research Depariment Report Series,

Many of the Research Reports are of an interim nature and serve (o make avaiiable the results of
specialist investigations in advance of iull publication. They are not usually subject to external refereeing
and their conclusions may sometimes have to be modified in the light of information not avadable ar the
lime of the investigation. Where no final project report 15 avaiiable. readers must consult the author
before citing these reports in any publication. Opinjons expressed in Research Reports are those of the
author(s) and are not necessanly those of English Hertage,

Requests for further hard copies, after the initial print run, can be made by emailing:
Resreports@engiish-heritage.org ik

or by writing to:

Engiish Herltage, Fort Curnberiand, Fort Curmiberfand Road, Eastney, Portsmouth PO4 810
Please note that a charge will be made to cover printing and postage.

© ENGLISH HERITAGE 33- 2014



SUMMARY

Samples were taken from two foundation beams supporting the bell-chamber floor and
from 13 timbers in the bellframe itself. Neither of the foundation beams dated but 11 of
the timbers from the bellframe were dated. Two site chronologies were formed which,
although of similar date, may represent two slightly different felling events. The 138-year
sequence comprises two timbers with a likely empirically derived combined felling date
range of AD 1654-86 (95% confidence)or a Bayesian based combined felling date range of
AD 7658-94 (85% probability). The 95-year sequence comprises nine timbers with a likely
empirically derived combined felling date range of AD 16811712 (95% confidence)or a
Bayesian based combined felling date range of AD 71687-96 (95% probability).
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INTRODUCTION

The Church of 5t Andrew is Grade | listed, and lies at the heart of the village of
Whitestaunton, some Skmwest of the town of Chard (Figs 1 and 2). Whilst the church
has Morman origins, most of the present fabric 12 of thirteenth- to siteenth-century
origin, although there was a major refurbishment of the building in AD 1882-3. The west
tower is in the late Perpendicular style, and is stylistically dated to the early sixteenth
century, The medieval church evidently possessed bells, but there are no records of how
many or of what size they were. It is thought there were three bells here in the mid-
sixtesnth century, of which one remains and one was removed in AD 1908,
Dendrochronological dating of the bellframe and assoaated foundation beams and floor
was requested by Jenny Chesher, the English Heritage Ingpector of Buildings and Areas, in
order to add to the overall understanding of the historic development of the tower, and
hence the significance of the bellframe and bell-chamber floor,
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Figure |. Map showing the location of the Churdh of 5t Andrew, Whitestaunton {drded on the
lefi dde of the map) in refation to Chard fthe town in the fower right of the map). © Crown
Copyright and database right 2014, All rights reserved Ordnance Survey Licence number

1 00024900
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Figure 2. Map showing the podtion of the Church of 5t Andrew within Whitestaunton ©
Crown Copyright and database right 201 4. All rights reserved. Qrdnance Survey Licence
number | 00024900

Pickford (2013} describes the frame trusses in the parallel pits as of similar construction
throughout, having sills, diagonal main braces, long frame heads, and end-podts. The end-
posts are shaped and stand a little within the owerall length of the truss. The diagonal main
braces are butted together at the apex. Some of his drawings are used as the basis for
figures in this report, showing the locations of the samples taken (Figs 3-5). Pickford
contends that the king-posts in the tenor pit do not indicate a different period of
construction. The braces are at a shallower angle and the king-posts were included to
provide added strength below the bearings. The main braces are butted as in the other
trusses. Pickford also points out that the western return section of the frame is different,
and may be of later date than the rest of the frame, and proposes that the frame may
have been originally built with open-ended pits on the west (ie no lateral bracing above
the sills).

The survey by Pickford (2073) points out that various dates have been suggested for the

Church of 5t Andrew's bellframe. Massey (2017, 736) suggests that It “probably dates from
the 18th or early 19th certury “and recent reports have tended to follow this view,
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Another plausible suggestion has been that the frame might date from AD 1763 when
the tower roof was renewed. It has also been claimed that the frame is of mixed dates
and that the eastern pit (containing the tenar) is an add-on. Pickford (2013) however
favoured a late seventeenth-century origin, probably associated with the addition of new
bells in AD 1696/7, and he also proposes that it was most likely built by a specialist
bellframer, rather than a local carpenter. A letter from Robert Parker (2013), church
bellhanger, to the churchwarden, also supports this view of a late seventeenth-century
origin, but suggests that the whole frame was rebuilt, utilising these old timbers and
incorporating others, in AD 1763.

METHODOLOGY

Fieldwork for the present study was carried out in May 2013, following an initial
assessment of the potential for dating some weeks beforehand. In the initial assessment
accessible oak timbers with more than 50 rings and possible traces of sapwood were
sought, although slightly shorter sequences are sometimes sampled if little other material
is available. Those timbers judged to be potentially useful were cored using a 15mm auger
attached to an electric drill. The cores were glued to wooden laths, labelled, and stored
for subsequent analysis.

The cores were polished on a belt sander using 80 to 400 grit abrasive paper to allow the
ring boundaries to be clearly distinguished. The samples had their tree-ring sequences
measured to an accuracy of 0.0Tmm, using a specially constructed system utilising a
binocular microscope with the sample mounted on a travelling stage with a linear
transducer linked to a PC, which recorded the ring widths into a dataset. The software
used in measuring and subsequent analysis was written by lan Tyers (2004). Cross-
matching was attempted by a combination of visual matching and a process of qualified
statistical comparison by computer. The ring-width series were compared statistically for
cross-matching, using a variant of the Belfast CROS program (Baillie and Pilcher 1973).
Ring sequences were plotted on the computer monitor to allow visual comparisons to be
made between sequences. This method provides a measure of quality control in
identifying any potential errors in the measurements when the samples cross-match.

In comparing one sample or site master against other samples or chronologies, &-values
over 3.5 are considered significant, although in reality it is common to find demonstrably
spurious #values of 4 and 5 because more than one matching position is indicated. For
this reason, dendrochronologists prefer to see some value ranges of 5, €, and higher, and
for these to be well replicated from different, independent chronologies with both local
and regional chronologies well represented, except where imported timbers are
identified. Where two individual samples match together with a #value of 10 or above,
and visually exhibit exceptionally similar ring patterns, they may have originated from the
same parent tree. Same-tree matches can also be identified through the external
characteristics of the timber itself, such as knots and shake patterns. Lower fvalues
however do not preclude same tree derivation.
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Ascribing felling dates and date ranges

Once a tree-ring sequence has been firmly dated in time, a felling date, or date range, is
ascribed where possible. With samples which have sapwood complete to the underside
of, or including bark, this process is relatively straightforward. Depending on the
completeness of the final ring (ie if it has only the spring vessels or early wood formed, or
the latewood or summer growth) a precise felling date and season can be given. If the
sapwood is partially missing, or if only a heartwood/sapwood transition boundary survives,
then an estimated felling date range can be given for each sample. The number of
sapwood rings can be estimated by using an empirically derived sapwood estimate with a
given confidence limit. If no sapwood or heartwood/sapwood boundary survives then the
minimum number of sapwood rings from the appropriate sapwood estimate is added to
the last measured ring to give a ferminus post guern (tpg) or felled-after date.

A review of the geographical distribution of dated sapwood data from historic timbers has
shown that an empirically based sapwood estimate relevant to the region of origin should
be used in interpretation, which in this area is 9-41 rings (Miles 1997a).

However, an alternative method of estimating felling date ranges has recently been
developed (Miles 2005) which runs as a function implemented in OxCal (Bronk Ramsey
2009; Miles 2008). Following the methodology set out by Millard (2002), Bayesian
statistical models are used to produce individual sapwood estimates for samples using the
variables of number of heartwood rings present, the mean ring-width of those heartwood
rings, the heartwood/sapwood boundary date, and the number of any surviving sapwood
rings or a count of those lost in sampling. These individual probability distributions for the
felling dates (expressed at the 95% probability level) may then be combined to produce a
highest probability density estimate for the combined feling date range. VWhen a timber in a
group has no heartwood-sapwood boundary present, but finishes later than the
heartwood-sapwood boundary dates of other timbers in the group, this information may
be used to truncate the earlier end of the combined sapwood dates used. YWhen carried
out within OxCal, this uses a sapwood maodel that has to be defined. Miles (2005)
suggested several such models, of which the one that has been deemed appropriate to
apply to the timbers in this case is that for ‘England and Wales AL, This model is based
on timbers from throughout England and Wales, with a bias to those in the most densely-
dated counties of Shropshire, Somerset, Hampshire, Oxfordshire, and Kent, and is thus
appropriate for these timbers. Although it has been found that some samples do not fit
this particular model well (Tyers 2008), the timbers from this site were considered
suitable.

It must be emphasised that dendrochronology can only date when a tree has been felled,
not when the timber was used to construct the structure or object under study. Thus the
dates derived for the felling of the trees used in construction do not necessarily relate
directly to the date of construction of the building. However, evidence suggests that,
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except in the reuse of timbers, construction in most historical periods took place within a
very few years after felling (Salzman 1952, Hollstein 1965; Miles 2005,

RESULTS AND DISCUSSION

Samples were taken from what were considered to be the primary phase belframe
timbers, as well as from some suitable timbers in the category of those considered to be
secondary or later repair timbers, although some of this latter category were either of
small scantling or were fast-grown and had too few rings, making them unsuitable for
sampling. The initial assessment concluded that fewer of the timbers previously
considered to be likely later insertions or repairs were actually of a different age, based on
the overall appearance and ring characteristics of the assemblage.

Of the four foundation beams supporting the bell-chamber floor, the northernmost was
found to be of elm (Uimus spp) and hence unsuitable for analysis, whilst the southernmost
had obwviously suffered from severe woodworm infestation and access was such that it
could not be sampled at a suitable angle. Of the two central foundation beams, the
northern one was assessed as probably having just too few rings, but it was nevertheless
sampled because of the potential importance of obtaining dating evidence for this floor,
whilst the southern one clearly did have sufficient rings to warrant sampling. The
floorboards of the bell-chamber floor were assessed, but were considered mostly too
decayed to sample, and those that could be seen more clearly were thought anyway to
contain too few rings to be useful

|* e East

Figure 3. Plan of the bellframe showing the locations of some of the samples taken for
dendrochronological analysis, adapted from original drawings by Pickford (2013)
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Figure 4. Plan of the upper rals of the bellframe showing the locations of some of the samples
taken for dendrochronological anatysis, adapted from original drawings by Piclford {2013}
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Figure 5. Dirawing of one of the cross frames of beflfrare showing fts form, and also the
foundation beams sampled for dendrochronology, adapted from origingl drawings by Piddford
(2013)

Basic information about the samples taken is given in Table 1. Two samples were taken
from the top plate on the south side of the frame {aws05a and aws05b), because the first
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sample had too few rings to be useful, sample 05a was therefore not analysed further.
Two other samples, aws01 and aws13 also had too few rings to be further analysed. One
of these (aws13) had a chiselled assembly mark, and was noted at the time of sampling as
possibly being either reused or a replacement timber not associated with the main
construction of the bellframe. The raw ring-width data for the measured samples is given
in the appendix.

Neither of the two foundation beams could be dated, the first sampled having too few
rings (aws01) and the second (aws02) failing to cross-match with other samples from the
site and not matching independently.

Comparison of the bellframe samples (Table 2) revealed that two samples, aws05b and
aws11, matched each other well, but did not match the other nine measured samples.
These two series were therefore combined to form a 138-year long site series aws511m
for subsequent analysis, whilst the remaining nine series were averaged together to form a
95-year long site chronology, WHTSTNBF. The dating evidence for these two series is
given in Tables 3a and 3b. This group includes sample aws12, which is the sole plate to
the western frame, suggesting that this frame is indeed contempaoraneous with the rest of
the bellframe, and not an addition, as had been suggested by Pickford (2013).

The conventional empirically derived sapwood estimate produces felling dates for the
timbers forming the main site chronology, WHTSTNBF, which indicate that the trees
used were most likely felled at the same time (Table 1; Fig 1). Using a mean heartwood-
sapwood boundary date for these nine timbers of AD 16771 gives a likely combined felling
date range of AD 16811712 (95% confidence), taking into account the unmeasured
sapwood rings present on sample aws14.

This group of timbers appears to be an ideal candidate for the application of the Bayesian
modelling technique, being a group of timbers likely to have all been felled at the same
time, and with none of the timbers showing unusual characteristics. They are also within
the geographical range of the data used to create the sapwood model used within OxCal
(England and Wales AD) developed by Miles (2005), and being compaosed of young
relatively fast-grown timbers are more likely to give accurate results (Tyers 2008).

OxCal v4.2.3 (Bronk Ramsey 2014) was used to produce the sapwood estimates for each
of the eight tree series in the site chronology with a heartwood-sapwood boundary.
(Table T; Fig 7). As the group had similar individual sapwood ranges a Bayesian approach
to combining individual sapwood estimates following the methodology of Millard (2002),
was Used to derive the likely combined felling date range (Fig 7). The combined index
agreement for this group (A, 131.2%, A,=25 %, n=8) shows this to be a coherent
group. This methodology derives a pasterior density estimate for the combined fellng date
range of AD 1687-96 (95% probabifity) for this group of timbers, and construction is
assumed to have taken place within months of the trees being felling. It should be noted
that this posterior density estimate may vary if a different combination of samples was used,
but there is no reason in this case to reject any of the samples.

© ENGLISH HERITAGE 7 33 - 2014



Examination of the variation in date of the heartwood/sapwood boundaries of all 11
dated timbers from the bellframe (Table 1; Fig 6) suggests that it is possible that the
remaining two dated samples, aws05b and aws11, were from trees felled a little earlier
than the remaining timbers. Only one of these two timbers retained the heartwood-
sapwood boundary and hence, other than the fact that they do not match the remaining
assemblage well, there is no clear evidence to support this idea. The empirically derived
felling dates for these two timbers are AD 1654-86 (95% confidence, aws11) and after
AD 1656 (aws05b). Bayesian modelling suggests a likely felling date range of AD 7659-94
(95% probability) for aws11 and felling after AD 1659 for sample aws05b. Thus, whilst it is
possible that they were felled slightly earlier than the main group of nine timbers, it is also
possible that they were felled at the same time. Since one of them is a sole plate, it seems
unlikely that it is not part of the original construction, unless of course the whole frame
has been reassembled. The dating evidence for series aws511 (Table 3a) also suggests
that the source of these timbers may be different to that for the remaining dated timbers,
the dating evidence for which is presented in Table 3b. Both groups of timbers do
however appear likely to have come from the south-west of England.

The dendrochronological results obtained provide clear dating evidence for the
construction of the bellframe and hence address the various dating opinions set out in the
introduction of this report. It seems that more of the bellframe structure is a coherent
group of contemporaneous timbers than previously interpreted, and that it does indeed
date to the late-seventeenth century, as some recent interpretations would have it, but it
is slightly later than the re-roofing of the tower in AD 1673, to which some had also
linked it.
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Table |. Details of the samples taken from the Church of St Andrew, Whitestaunton

Sample | Timber and position Total no | Mean Dates h/s No of fean Felling date OxCal-derived
number of rings HwW spanning | boundary | Sapwood | sensitivity | ranges (AD) Telling dare
ring (AD) (AD) rings (G5% rangeiAD) (G5 %
width corfidence) probability)
(mm)
aws01 | Northern of two central foundation beams <40) NI s -
aws02 | Southern of twao central foundation beams 65 3.50 - - - 018 - -
aws03 | Top plate, south end of pit 5 73 161 1592-1664 1664 h/s 018 16731705 16/74-7702
awsO4 | Top plate, east side frame 87 127 | 1589-1675 1675 h/s 0.20 1684-1716 1656-77186
awsOba | Top plate, south side frame <40 NM - - - -
aws0sb | Top plate, south side frame 115 0.93 15331647 0.20 after 1656 alter 1659
aws06 | Post, south-gast corner of pit 5, internal (+§/%/M) 1.73 1608-62 0.23 after 1678
aws0/ | Post on east frame, south end of pit 5 51 2.20 1624-14 1674 h/s 018 16831715 1653-1/707
aws08 | East diagonal brace, pit 1-2 57 1.50 161672 1672 h/s 0.16 1681-1713 1652-7710
aws09 | Sole plate, pit 2-3 64 1.8¢ 1608-71 1671 h's 0.24 1680-1712 1680-1706
aws10 | Top plate, north side frame a0 148 | 1587-1676 1676 h/s 018 1685-1717 1656-7715
aws11 | Sole plate, north side frame 136 082 | 1510-1645 1645 h/s 0.20 1654-86 1659-94
aws1? | Sole plate, west side frame 81 118 | 15821662 1662 h/s 017 1671-1703 16/73-7704
aws13 | Vertical post at west end of frame, pit 3-4 <40 N hs - -
aws14 | West diagonal brace, frame pit 3-4 (j/[\lm) 218 1633-76 1673 3 0.33 1682-11714 1652-7705
aws15 | Top plate, pit 3-4 122 085 13 019

HW = heartwood; h/s = heartwood-sapwood boundary; NM = not measured
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Table 2. Cross-matching between the dated series from the Church of St Andrew, Whitestaunton. Values of t greater than 3.5 are statistically

significant

Fvalues
Sample aws0d aws06 aws/ aws08 aws09 aws10 aws12 aws14 aws0h aws11
aws03 4.1 4.3 4.4 29 39 50 37 4.4 1.7 26
aws04 4.1 36 571 34 9.6 5 57 08 2]
aws0 56 1.8 8.5 4.3 15 58 05 06
awsQ7 1.7 54 48 29 b7 34 03
aws08 15 6.5 44 3.2 09 1.8
aws09 4] 2.1 6.6 - 04
aws10 71 75 1.3 1
aws1? 3 28 2.4
aws’4 0.8 *
awsob 6.0

* = overlap equal to or less than 15 years, no value calculated; - = #value equal to or less than 0.0
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Table 3a. Dating evidence for the site sequence aws51Im, AD 15101647

Source region: Chronology name: Publication reference: File name: Span of Overlap fvalue

chronology (years)

(AD)

Regional reference chronologies
south Central England | South Central England (Wilson er af 2012) SCENG B63-2009 138 74
Wales Welsh Master Chronology (Miles 1997h) WALESSY 404-1981 138 13
Hampshire Hampshire Master Chronology (Miles 2003) HANTSOZ 443-1972 138 6.8
Oxfordshire Oxfordshire Master Chronalogy (Haddon-Reece et a/1993] OXON93 632-1987 138 6.5
Somersat Somerset Master Chronology (Miles 2004) SOMRSTO4 J70-197¢ 138 6.4
Individual site chronologies
Somerset 8 Market Place, Shepton Mallet Miles 2002b) SHPTNMLT 15181677 130 79
Wales Tredegar House, Newpart (Miles and Bridge 2011) TREDEGR1 1397-1688 138 12
London White Tower, Tower of London iMiles 2007) WHTOWRY 1463-1616 107 i
Sussex Warhams, Rudgwick (Miles er a/ 2009) WARHAM3 1342-1606 a7 10
Somersat St Matthew's Church bellframe, Wookey | (Miles and Bridge 2012) WOOKEY 1481-1603 94 6.8
Onfordshire Wadham College (Miles and Bridge 2010) WADHAM 1426-1610 101 6.5
Oxfordshire Manor Farm, Stanton St John (Miles and Worthington 1998) STNSTING 1480-1646 137 6.4
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Table 3b. Dating evidence for the site chronology WHTSTNBF, AD 1582—1676

Source region: Chronology name: Publication reference: File name: Span of COverlap fvalug

chronclogy (vears)

(AD)

Regional reference chronologies
South Central England | South Central England (\Wilson er af 2012) SCENG 663-2008 95 8.1
Ofordshire Oxfordshire Master Chronology (Haddon-Reece ef 4/ 1993] OXONI3 £32-1987 95 7.
Hampshire Hampshire Master Chronology (Miles 2003) HANTS0? 443-1972 95 6.4
Somersat somerset Master Chronology (Miles 2004) SCMRSTO4 770-1979 95 6.7
Individual site chronologies
Shropshire Builchwas Abbey (Miles 2002a) BUILDWS3 1563-1687 95 15
Gloucestershire 100 Church St Tewkeshbury (Mayling 2000} TEWKES? 1484-1664 83 15
London Breakspear House, Harefield (Arnold and Howard 2070) HFDBSCOT 1574-1694 95 15
Darset Wolfeton Riding House (Bridge 2005) WOLFETMNZ 1583-1719 94 6.8
Oxfordshire Old Clarendon Building, Oxford (\Worthington and Miles Z006] CLRNDNOX 1539-1711 95 6.5
Wiltshire Salisbury Cathedral iMiles et al 2005) SARUMTZ 1556-1703 95 6.3
Berkshire Maidenhead Bridge iMiles et al 2003) MDMNHEAD?Z 16051750 12 6.2
Hampshire Gilbert White's House, Selbourne (Miles er a/ 2004) SELBRNEZ 16201722 57 6.1
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Span of ring sequences

lawsl | | AD1654-86
‘aws05b | > after AD1656
laws 12 ] | AD1671-1703
aws03 ] | AD1673-1705
aws06 i after AD1678
aws09 . ADI1680-1712
Laws08 ] | AD1681-1713
laws |4 2| AD1682-1714
aws07 ] | AD1683-1715
| aws04 | AD1684-1716
[aws |0 ] | AD1685-1717
AD 1550 AD1600 AD1650

Figure 6. Bar diagram showing the relative positions of overlap and the empirically derived likely felling date ranges for the dated samples from the
bellframe of the Church of St Andrew, Whitestaunton, Somerset. White bar — heartwood; yellow hatched bar — sapwood; narrow section of bar —

additional unmeasured rings
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Figure 7. Church of S5t Andrew, Whitestaunton: combined fefling daie range and individual
feling daie distributions for timbers from the belfframe with heartwood-sapwood boundary
included in the sie chronglogy WHITSTNBF. Individudf felfing date distnbutions are shown in
putline and the 95.4% probabiity individud! fefling dotes ranges are fisted The 95.4%
prebability combined fefling date range is shown In black and itafic texi
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Figure 8. Church of St Andrew, Whitestaunion: combined fefling date range and individual
felfing date disiributions for samples aws05 and aws{ [. Individual felling daie distribuiions are
shawn in outline and the 95.4% probabifity individual fefling dates ranges are fisied. The
95.4% probabifity combined fefling date range is shown in black and Ralic text
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APPENDIX

Ring width values (0.0Tmm) for the sequences measured

aws0Z

538 239 459 B43 527 477 414 324 296 300
141 194 115 152 180 146 168 165 169 217
1120 064 228 7L 2120 254 300 275 240 242
361 366 266 309 286 333 337 345 345 400
452 491 56Z 394 598 478 356 471 385 344
474 B35 B33 BRT  B12 421 447 493 403 361
380 407 369 3750 387

aws03

231 200 224 190 270 249 2R3 2B3 227 386
354 264 313 211 297 250 243 179 200 64
157 147 120 130 125 124 155 143 148 153
158 222 740 130 102 1260 133 165 146 740
155 124 B84 149 1714 171 176 147 169 174
185 110 111 134 1260 93 124 108 94 98
75 80 86 114 90 93 129 85 102 112
102 131 93

aws04

281 196 296 251 211 3294 281 253 186 181
T4 203 219 189 140 145 1160 156 162 128
94 110 101 94 147 99 100 80 63 32
32 73 105 188 168 79 79 31 116 127
107 12 13 133 157 115 136 1100 133 166
140 139 144 107 118 121 122 1100 95 116
94 109 &7 59 11 50 104 €6 100 96
74 77 100 105 109 47 51 69 91 123
107 76 12 69 105 12 95

aws05b

177109 198 114 1100 1290 122 136 1100 79

115197 148 100 103 158 186 168 230 140
155 190 209 148 169 170 195 149 127 1719
120 164 143 103 77 105 125 132 154 112
100 86 34 63 53 54 83 99 105 &7

17 67 93 87 82 80 17 112 144 157
114 12 92 105 84 101 75 56 52 32

62 67 55 53 62 82 64 15 g4 80

65 60 65 49 40 57 69 63 69 56

53 44 33 35 49 39 43 43 43 56

49 44 52 47 52 43 35 55 45 47

37 33 33 47 44

awsoe

191 2001 259 270 189 404 227 229 301 253
238 215 218 192 198 220 172 229 219 276
213 275 224 245 261 199 89 133 111 170
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212
148
122

awsO

150
215
220
141
158
151

aws08

169
158
166
155
92
93

aws09

245
234
224
368
208
142
168

aws10

179
268
211
155
137
152
113
113
90

aws1]
123
1571
107
118
g7
106
6
48
42
34
47
33

92
130
64

169
295
212
295
128

192
171
129
147
101
104

187
144
287
167
182
123
189

219
244
181
147
124
194
128
113
121

186
209
156
124
148
85
74
b0
53
38
38
38

113
134
18

180
238
225
223
141

210
153
iNA
182
129
17

265
174
257
141
168
166
156

209
213
164
124
106
163
117
97

97

197
183
N
87
127
122
50
50
47
43
39
42

109
87
94

209
424
175
186
212

191
140
161
136
115
183

239
224
127
183
130
119
214

146
237
195
120
146
191
150
1M
80

181
145
96
101
114
62
52
45
37
46
41
37
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107
11
85

227
347
208
202
222

156
186
148
165
115
99

161
257
152
210
124
84

183
294
161
131
124
175
17
113
83

188
120
116
129
108
120
64
53
38
54
34
40

120
104

289
239
167
173
250

186
169
1563
142
134
120

369
285
147
201
137
140

220
220
1562
165
146
138
18

95

102

309
117
182
91
126
93
10
12
39
30
45
40

132
102

268
303
198
204
186

270
186
150
97

108
140

176
167
79

213
150
102

207
197
181
188
161
136
98

64

1656

1656
123
107
69
69
b
71
64
48
55
36
35

116
204

288
217
186
225
176

286
188
145
121
108

217
257
138
184
2T
120

245
21
133
10
119
153
107
60

93

194
131
97
65
103
68
67
62
46
62
30
42

20

104
122

308
236
188
164
172

198
146
129
115
68

256
206
148
173
161
151

239
142
130
88
130
166
169
57
80

161
91
101
108
107
b3
48
51
48
61
48
51

85
147

285
23]
200
223
241

146
157
136
131
107

223
220
293
149
146
168

249
235
121
128
1M
136
98
60
16

257
133
149
135
97
18
51
56
45
50
36
49
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45 52
24 24

aws1?

218 246
233192
144 128
100 74
121 88
91 64
12 74
43 51
10

awsT4

222 109
202 222
137 135
377186
463 179

awsTh

158 161
184 134
106 100
97 79
218 146
64 55
34 85
97 100
50 59
47 41
31 33
69 49
59 66

52
28

256
172
117
70
82
63
63
62

148
213
304
153
182

244
166
84
7
115
65
89
90
59
30
36
39

63
33

324
186
106
71
68
76
68
72

109
193
175
174
129

264
189
97
60
115
71
62
59
37
25
34
46
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46
37

194
209
133
64
94
53
67
52

208
165
242
178

158
14
92
87
118
45
13
52
51
32
43
56

69
35

208
167
165
68
119
12
63
65

282
291
257
3438

215
13
90
81
134
54
12
53
44
57
51
59

242
187
158
&8
99
96
60
72

188
204
268
252

156
110
46
64
95
71
b7
61
b0
52
40
64

40

290
181
10
80
94
90
57
62

218
207
335
136

199
126
57
14
107
96
15
66
49
55
50
b4

21

42

171
187
124
92
90
95
6/
&8

185
188
312
232

160
186
12
118
91
/0
71
64
44
39
46
57

28

242
235
103
11
12
13
67
66

221
124
208
166

126
173
99
110
63
82
99
13
39
39
46
67
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ENGLISH HERITAGE RESEARCH AND THE HISTORIC ENVIRONMENT

English Heritage undertakes and commissions research into the historic
environment, and the issues that affect its condition and survival, in order to
provide the understanding necessary for informed policy and decision making, for
the protection and sustainable management of the resource, and to promote the
widest access, appreciation and enjoyment of our heritage. Much of this work is
conceived and implemented in the context of the National Heritage Protection
Plan. For more information on the NHPP please go to httpi/fiwww.english-heritage.
org.uk/professional/protection/national-heritage-protection-plan/.

The Heritage Protection Department provides English Heritage with this capacity
in the fields of building history, archacclogy, archaeclogical science, imaging

and visualisation, landscape history, and remcte sensing. It brings together four
teams with complementary investigative, analytical and technical skills to provide
integrated applied research expertise across the range of the historic environment.
These are:

* Intervention and Analysis (including Archaeology Projects, Archives,
Envirenmental Studies, Archaeclogical Conservation and Technology,
and Scientific Dating)

* Assessment (including Archaeoclogical and Architectural Investigation,
the Blue Plaques Team and the Survey of London)

* Imaging and Visualisation (including Technical Survey, Graphics
and Photography)
* Remote Sensing (including Mapping, Photogrammetry and Geophysics)

The Heritage Protection Department undertakes a wide range of investigative
and analytical projects, and provides quality assurance and management support
for externally-commissioned research. We aim for innovative work of the highest
quality which will set agendas and standards for the historic environment sector:
In support of this, and to build capacity and promote best practice in the sector,
we also publish guidance and provide advice and training. We support community
engagement and build this in to our projects and programmes wherever possible.

We make the results of our work available through the Research Report Senes,
and through jeurnal publications and monographs. Our newsletter Research News,
which appears twice a year; aims to keep our partners within and outside English
Heritage up-to-date with cur projects and activities.

A full list of Research Reports, with abstracts and information on how to obtain
copies, may be found on www.english-heritage org.uk/researchreports

For further information visit www.english-heritage.org.uk

ISSN 2046-9799 (Print)

ENGLISH HERITAGE ISSN 2046-9802 (Online)



	englishh2-185800_1_Page_01
	englishh2-185800_1_Page_02
	englishh2-185800_1_Page_03
	englishh2-185800_1_Page_04
	englishh2-185800_1_Page_05
	englishh2-185800_1_Page_06
	englishh2-185800_1_Page_07
	englishh2-185800_1_Page_08
	englishh2-185800_1_Page_09
	englishh2-185800_1_Page_10
	englishh2-185800_1_Page_11
	englishh2-185800_1_Page_12
	englishh2-185800_1_Page_13
	englishh2-185800_1_Page_14
	englishh2-185800_1_Page_15
	englishh2-185800_1_Page_16
	englishh2-185800_1_Page_17
	englishh2-185800_1_Page_18
	englishh2-185800_1_Page_19
	englishh2-185800_1_Page_20
	englishh2-185800_1_Page_21
	englishh2-185800_1_Page_22
	englishh2-185800_1_Page_23
	englishh2-185800_1_Page_24
	englishh2-185800_1_Page_25
	englishh2-185800_1_Page_26
	englishh2-185800_1_Page_27

