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SUMMARY

The building contains remnant medieval aisled trusses, one of which yielded
samples producing a 75-year long sequence that dated to the period AD 1205-79.
A single timber from this phase had complete sapwood, and was from a tree felled
in the winter of AD 1279/80. The other timber had no sapwood but is broadly
coeval.

The extant replacement hall roof and the roofs over the service range, the kitchen
range, and the south roof over the solar appear to be broadly contemporaneous. All
contain timber felled in the mid- to later-eighteenth century, and appear to
represent a substantial re-ordering at this time.
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INTRODUCTION

This manor house is listed at Grade I (LEN 1176225) and is situated in the far west
of the county, north of the A38, about 5km west of Wellington and very close to the
border with Devon (Fig 1). It is largely medieval and mid-sixteenth century in
appearance, with later additions. The porch, screen passage, and kitchen are
believed to survive from an earlier house, and recent work by the archaeologist
Stuart Blaylock (2017; 2018) suggests that the shell of the great hall also dates to an
earlier phase. Recent renovation work exposed elements suggesting the original
house could be very early in date (Figs 2—3), and dendrochronological dating was
requested by Rhiannon Rhys, HE Inspector of Historic Buildings and Areas, to
enhance understanding of the early roof form exposed, and inform its significance,
especially in comparison with a corpus of early structures in South Somerset
identified by Penoyre (1998; 2005).

METHODOLOGY

An assessment of the timbers for dendrochronological study sought accessible oak
timbers with more than 50 rings and where possible traces of sapwood, although
slightly shorter sequences are sometimes sampled if little other material is available.
Those timbers judged to be potentially useful were cored using a 16mm auger
attached to an electric drill. The cores were 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 0.01mm, 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
Ian Tyers (2004). Cross-matching was attempted by a process of qualified statistical
comparison by computer, supported by visual checks. The ring-width series were
compared for statistical 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, t-
values over 3.5 are considered significant, although in reality it is common to find
demonstrably spurious t-values of 4 and 5 because more than one matching
position is indicated. For this reason, dendrochronologists prefer to see some t-
value ranges of 5, 6, 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 t-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
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the timber itself, such as knots and shake patterns. Lower t-values however do not
preclude same tree derivation.

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 terminus post quem (tpq) or felled-after date.

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

RESULTS, INTERPRETATION, AND DISCUSSION

A plan of the building, identifying the areas from which samples were obtained, is
provided as Figure 4. Details of the samples are given in Table 1, with their
locations shown in Figures 5—7. No plan is available to locate the positions of
samples gmbt03 and gmbt04, which were obtained from the south roof (south of
the Hall, but with an axis perpendicular to the Hall roof).

Six samples were taken from the remnant primary-phase timbers (see Figs 2—6).
Unfortunately other timbers in this phase were not sampled because they were
assessed as having too few rings, and of those sampled, three were found to have
fewer than 40 rings and were not analysed further. A joist from the floor in the
porch (gmbt22) showed a very rapid growth decline in the middle of its growth
curve, and this did not match any other samples from the site, neither did it date on
its own. The remaining two samples, both from the north aisled truss matched each
other (t = 5.3 with 30 years overlap) and were both dated independently as a means
of checking this relatively short overlap. The combined series, gmbt1415, dated to
the period AD 1205-79, some of the strongest matches being shown in Table 2 and
the relative overlaps of the two series illustrated in Figure 8. One of these samples
retained complete sapwood, indicating that the east arcade post was derived from a
tree felled in the winter of AD 1279/80. The other dated sample, from the west arch
brace, had no sapwood but is thought likely to be broadly contemporaneous.
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Obviously dating a whole phase on the basis of a single timber would not be
advised, although it probably gives a good indication of the date of this phase, and is
in line with other similar dates for buildings of this type in the county (Penoyre
1998; 2005)

Elsewhere in the building, timbers were sampled from the extant hall roof, the south
roof (over the solar), the service-range roof, and the kitchen-range roof (Fig 4), as
well as some other timbers in the kitchen range and in the ground floor of the solar
(Table 1). Samples from three timbers were found to have fewer than 40 rings and
were not analysed further. Some samples had bands of very narrow rings where the
ring boundaries could not be distinguished. These were measured in sections where
the rings were reliably distinguishable (eg gmbt08 where a band of rings between
gmbt08i and gmbt08ii could not be resolved, along with samples gmbt06 and
gmbt20). Other series (gmbt29 and gmbt30) had complete sapwood, but this
became detached during coring, although few rings (up to five rings) were thought
to have been lost between the two sections of the core. Similarly, gmbt04 and
gmbt16 both lost a few outer rings on coring, again it was thought that no more
than five rings were lost. Sample gmbt32 had a band of very narrow rings at the
outside, complete to the bark, but in this instance it was very difficult to even
estimate how many rings were present. Two samples were taken from gmbt12
(gmbt12a and gmbt12b) to ensure recovery of the complete sapwood and these two
series were combined for subsequent analysis.

The ring-width series from 23 timbers cross-matched (Table 3; Fig 9), including
four pairs of series that cross-match with ¢t-values of 10 or more which could
therefore represent a pair of timbers derived from the same parent tree (gmbt12
and gmbt13; gmbt17 and gmbt19; gmbt26 and gmbt32; gmbt29 and gmbt30).
Their series were therefore combined prior to being incorporated into a site
chronology, GMBTt23. This was compared to an extensive series of reference
chronologies and was securely dated to the period AD 1576—-1770, some of the
strongest matches being shown in Table 4. This site chronology included the three
timbers from the roof over the solar (south roof), eight from the hall roof, five from
the service-range roof, and seven from the kitchen-range roof. All of these roofs
appear to be broadly contemporaneous (Fig 9) and appear to represent a substantial
re-ordering of the house at this time.

The roof over the kitchen range has timbers derived from trees felled in the winter
of AD 1755/56 and the spring of AD 1762 (Fig. 9). This, combined with the
variable felling date ranges obtained for the other timbers from this roof, suggests
that felling for this phase of building works was undertaken over a period of several
years with short-term stockpiling of timber in advance of the commencement of
building works.

The hall roof had one sample with complete sapwood, the timber being derived
from a tree felled in the spring of AD 1767. The other dated timbers from this roof
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appear to form a coherent group, most likely felled at the same or a similar time,
again with possible short-term stockpiling, with the re-roofing of the hall taking
place shortly after felling.

The service-range roof had one sample that lost a small number of rings out to the
bark edge during coring, and was derived from a tree estimated therefore as felled in
the period AD 1766—70. The other timbers from the service-range roof appear to
form a coherent group most likely felled at the same, or similar, time with the roof
being constructed shortly after felling.

The south roof (over the solar) looks to have been rebuilt with its long axis
perpendicular to the original roof, and has timbers from trees felled in the period
AD 1744—48 and in the winter of AD 1770/71. Thus construction may again have
used stockpiled timbers, but it is of interest to note that some timbers in this roof
look to be re-used and were not sampled. Further survey of this roof may be needed
to clarify the dendrochronological evidence.

Timbers that were not subsequently dated were mostly embedded in walls or on the
ground floor.

CONCLUSIONS

This study has dated some remnants of the original house as constructed from
timber felled in AD 1279/80. The combined site sequence, gmbt1415, shows the
highest levels of similarity with reference chronologies from the south-west region
(Table 2) suggesting that the timber is of relatively local origin.

The house was re-roofed in the latter half of the eighteenth century, using timbers
that appear to have been felled in anticipation of the works and stockpiled for a
short period before they were used in construction. Works appear to have
proceeded from north—south, from the early AD 1760s (the kitchen-range roof) to
the early AD 1770s (the south roof over the solar). Felling date ranges for timbers
from the service-range roof and Hall roof are consistent with these areas of the
house being re-roofed in the later AD 1760s. The combined site sequence,
GMBTt23, shows the highest levels of similarity with reference chronologies from
more varied regions suggesting the possibility that the timbers were derived from a
source somewhat less local, although nevertheless most likely of southern English
origin. It remains a possibility, bearing in mind the apparent short-term stockpiling,
that the timbers were derived from several different woodland sources within an
area.
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TABLES

Table 1: Details of tree-ring samples taken from Greenham Barton, Stawley, Somerset

Sample Location Total Date of Sapwood rings Mean |Mean Felling date
number number of |sequence ring |sensitivity |range (AD)
rings (AD) width
(mm)
Remnant primary-phase timbers
gmbtO1 |Tiebeam to south remnant base cruck truss <40 - h/s NM |- -
gmbt02 | West vertical post above south tiebeam <40 - h/s NM |- -
gmbtl4 |East arcade post to north aisled truss 60 1220-1279 |17C 3.42 ]0.18 winter 1279/80
gmbtl5 | West arch brace to north aisled truss 45 1205-1249 |- 2.89 ]0.26 after 1258
gmbt21 | East-most joist in porch floor (first floor level) | <40 - h/s NM |- -
gmbt22 7th joist from east wall in porch floor (1st floor | 61 - h/s 221 1]0.23 -
level)
South roof (over solar)
gmbt03 | West upper purlin 80 1691-1770 |18C 2.08 [0.19 winter 1770/71
gmbt04 | East middle purlin 157 1587-1743 |8 (+<5NMC) 0.98 |0.24 1744-48
gmbt05 | East lower purlin 70 1683-1752 |h/s 2.89 [0.22 1761-93
Hall roof (trusses numbered from south end)
gmbt06i | West principal rafter T1 (inner rings) 70+11NM |[1576-1645 |- 1.32 |0.18 -
gmbt06ii ditto (middle rings) 494+2NM |1657-1705 |- 0.89 |0.22 -
gmbit06iii ditto (outer rings) 32 1708-1739 |- 1.51 |0.18 after 1748
gmbt07 | West purlin, bay T1-T2 131 1604-1734 |h/s 1.17 |0.22 1743-75
gmbt08i |East purlin, bay T1-T2 (inner rings) 60+c15NM | - - 1.23 |0.17 -
gmbit08ii ditto (outer rings) 78 1644-1721 |h/s 0.59 [0.19 1730-62
gmbt09 East principal rafter T1 91 1658-1748 |h/s 1.37 ]0.21 1757-89
gmbtl0 | West principal rafter T2 86 1658-1743 |h/s 1.20 |0.25 1752-84
gmbtl1 East purlin, bay T2-T3 139 1610-1748 |2 0.87 |0.22 1755-87
gmbt12 | West principal rafter T3 144 1623-1766 |27v4C 0.85 |0.18 spring 1767
gmbti2a | ditto 144 1623-1766 |27vaC 0.83 |0.18 -
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gmbt12b | ditto 72 1695-1766 |27v4C 0.67 |0.17 -
gmbtl3 | East principal rafter T3 126 1615-1740 |h/s 1.08 (0.21 1749-81
Service-range roof (trusses numbered from south end)
gmbtl6 | West principal rafter T1 124 1642-1765 |26 (+<5NMC) 0.98 |0.27 1766-70
gmbtl7 | East principal rafter T2 142 1596-1737 |8 1.05 |0.31 1738-70
gmbt18 East principal rafter T4 130 1605-1734 |2 1.17 |0.28 1741-73
gmbt19 East principal rafter T3 115 1624-1738 |2 092 10.29 1745-77
gmbt20i | West principal rafter T2 (inner rings) 75+c19NM | 161084 - 1.03 |0.22 ¢ 1736-68
gmbt20ii ditto (outer rings) 31 - 7 0.43 10.20 -
Kitchen range (roof trusses numbered from the west end)
gmbit23 Post embedded in north wall of kitchen at first | <40 - - NM - -

floor
gmbt24 | Ground floor, east ceiling beam <40 - - NM - -
gmbt25 Inner lintel to east window, ground floor north |43 - h/s 277 10.21 -

wall
gmbt26 | South principal rafter T1 96 1660-1755 |34C 1.18 |0.26 winter 1755/56
gmbt27 | North principal rafter T1 89 1625-1713 |2 (+14NM) 146 |0.26 1727-52
gmbt28 | Upper north purlin, bay T1-T2 94 1668—-1761 |3414C 0.99 |0.17 spring 1762
gmbt29 | North principal rafter T2 90 1651-1740 |h/s (+<5NM+20NMC) |1.47 |0.22 1760-65
gmbt30 South principal rafter T2 72 1665-1736 |h/s (+<5NM+21NMC) |1.24 |0.23 1757-62
gmbt31 South upper purlin, by T2-T3 63 1699-1761 |10VaC 1.75 ]0.16 spring 1762
gmbt32 | North principal rafter T3 71 1641-1711 |h/s (+c 35NMC) 1.87 (0.28 c1746-51
South ground floor (under solar)
gmbt33 | East-west beam north of screen 117 - h/s 1.63 |0.18
gmbt34 | Half-beam at north end of room <40 - - NM |- -

Key: C = complete sapwood, felled winter; 1/4C = complete sapwood, felled the following spring; ¢ = estimated number of additional rings; h/s =
heartwood/sapwood boundary; NM = not measured




ANVTONI OIIOLSIH ©

020¢-061

Table 2. Dating evidence for the site chronology gmbt1415, AD 1205-1279

Source region Chronology Publication reference Filename fl?:;lnzgogy (AD) 8}221:51) t-value
Regional chronologies

Somerset Somerset Master Chronology Miles 2004 SOMRST04 | 770-1979 75 6.0
S Central England | South Central England Wilson et al 2012 SCENG 663-2009 75 5.2
Site chronologies

Somerset Higher Broughton Miles and Worthington 1997 | HIRBRWTN | 1173-1265 61 6.1
Somerset Crane Farm, Somerton Miles and Worthington 2000 | cranel2 1171-1337 75 6.0
Somerset Englishcombe Tithe Barn Groves and Hillam 1994a ENGCOMBE | 1157-1304 75 5.7
Devon Exeter Cathedral Mills 1988 EXCATH1 1137-1332 75 5.6
Gloucestershire Winterbourne Tithe Barn Hillam 1991 WNTERBR1 | 1187-1316 75 5.6
Somerset Abbey Barn, Glastonbury Bridge 2001 GLAST 1095-1334 75 5.4
Somerset Castlebrook Farm, Compton Dundon | Miles et al 2003 CMPTDNDN | 1109-1263 59 5.4
Devon St Anne's Chapel, Barnstaple Bridge 2012 BRNSTPL1 1344-1531 75 5.2
Hampshire Marwell Hall, Winchester Groves and Hillam 1994b MARWELL 1138-1281 75 5.2
Devon Barton House, Otterton Tyers et al forthcoming OTBHT3F 1161-1288 75 5.0
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Table 3. Cross-matching between the dated elements of site chronology gmbtT23. The figures are t-values, n/a being instances
where there is no overlap, or there are less than 20 years overlap, values over 3.5 are significant. Sample labels are reduced to the
number only. Those highlighted in grey represent same tree pairs.

04 05
03 48 9.2
04 4.6
05
06i
O6ii
O6iii
o7
08ii
09
10
11
12
13
16
17
18
19
20i
26
27
28
29
30
31

06i
n/a
6.8
n/a

06ii
n/a
4.7
2.1
n/a

06iii
5.4
5.0
3.8
n/a
n/a

07
2.2
5.9
2.9
3.6
1.8
2.1

08ii
2.8
5.1
2.2
n/a
n/a
2.5
5.0

09
75
5.4
6.0
n/a
7.5
6.3
2.7
2.9

10
5.3
7.5
3.9
n/a
6.1
6.3
2.9
3.1
7.4

11

7.4
8.3
4.9
3.6
3.9
4.1
6.2
4.5
5.6
7.3

12

4.2
7.9
3.5
2.8
53
2.7
4.6
52
4.5
7.2
8.1

13
2.2
5.1
25
29
4.5
1.6
2.8
4.1
3.2
4.8
6.9
10.8

16

5.2
6.2
4.4
n/a
5.0
3.6
5.2

5.4
7.3

8.0
9.6
7.3

4.0

17

2.6
8.8
3.3
4.8
3.1
0.7
6.5
5.5
4.1
49
6.1
6.5
3.8
5.9

18

2.8
6.7
4.5
3.7
4.4
4.7
5.9
4.5
53
4.3
6.9
52
4.4
6.0

19

4.5
8.5
3.9
7.8
35
25
5.1

4.4
53
8.8
7.9
7.0
53
7.6

54 116

6.2

20i
n/a
5.0
n/a
2.8
2.5
n/a
3.0
3.8
0.8
3.3
5.5
7.9
4.4
6.7
6.2
4.9
4.9

26
1.3
4.4
2.4
n/a
4.0
0.5
2.8
3.7
3.8
5.0
2.3
4.3
3.1
5.2
6.1
2.4
5.0
2.1

27
5.0
4.3
2.6
14
3.3
n/a
2.4
3.2
3.2
4.1
3.6
3.9
2.2
5.2
4.3
1.7
3.5
2.0
9.5

28
2.2
4.2
2.8
n/a
3.8
1.1
1.2
3.1
4.4
3.1
2.9
3.6
2.8
3.8
2.0
3.0
1.5
n/a
45
4.3

29
6.5
4.4
4.8
n/a
2.6
2.0
2.6
2.9
4.6
4.7
45
3.8
2.4
6.6
3.9
2.3
4.3
2.7
6.1
6.4
4.3

30
6.0
3.7
5.4
n/a
2.6
1.3
1.4
1.9
4.0
4.4
3.9
2.4
1.4
4.9
25
1.5
3.8
1.8
5.3
4.8
4.6
10.0

31
3.7
2.1
2.0
n/a
n/a
3.1
25
3.8
4.5
3.0
2.9
3.1
1.4
3.4
3.9
3.0
3.0
n/a
0.9
n/a
4.2
2.3
1.8

32
1.8
6.7
2.2
n/a
5.5
n/a
2.4
4.1
3.9
5.4
3.1
6.7
4.4
6.0
4.4
2.5
4.2
3.3
13.0
7.4
6.6
5.2
4.3
0.3
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Table 4. Dating evidence for the site chronology GMBTt23, AD 1576-1770

Source region Chronology Publication reference Filename Span of Overlap | t-value
chronology | (years)
(AD)
Regional chronologies
Hampshire Hampshire Master Chronology Miles 2003 HANTSO02 443-1972 | 189 8.5
S Central England | South Central England Wilson et al 2012 SCENG 663-2009 | 189 7.9
Somerset Somerset Master Chronology Miles 2004 SOMRST04 770-1979 | 189 5.7
Site chronologies
Hampshire Old Basing Bridge 1996 BASINGDF 1684-1788 | 87 7.6
Hampshire Sydmonton Court, Kingsclere Miles et al 2005 SYDMNTN2 1667-1729 | 63 7.1
Oxfordshire Mapledurham Mill Miles and Haddon-Reece 1995 | MDM17b 1664-1776 | 107 6.9
Kent Wheelwrights' Shop, Chatham Bridge 1998 CHATHAM2 1615-1780 | 156 6.9
Leicestershire Kibworth Harcourt Arnold et al 2004 KIBASQO1 1582-1773 | 189 6.9
Northamptonshire | Kirby Hall Arnold et al forthcoming KRBHSQO1 1378-1795 | 189 6.8
Devon Pound Farm, Luppit Tyers et al forthcoming LPPBT12A 1557-1664 | 89 6.8
Oxfordshire Chastleton House, Chastleton Miles et al 2005 CHSTLTN2 1671-1788 | 100 6.5
Gloucestershire Dyrham Park Bridge and Miles 2016 DYRHAM 1533-1698 | 123 6.3
Derbyshire Bretby Hall Howard et al 1999 BRTASQO1 1497-1718 | 143 6.1




FIGURES

2
& p]
Figure 1: Maps to show the location of Greenham Barton, Stawley in Somerset
marked in red. Scale: top right 1:25000; bottom 1:2000. © Crown Copyright and
database right 2020. All rights reserved. Ordnance Survey Licence number
100024900. © British Crown and SeaZone Solutions Ltd 2020. All rights reserved.
Licence number 102006.006. © Historic England
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Figure 2: View of the south remnant medieval truss in the south f;jbﬁ looing north
(photograph Martin Bridge)

R et
Figure 3: The west arch-brace and tiebeam to the north remnant medieval truss,
looking north (photograph Martin Bridge)
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Figure 4: Roof plan of Greenham Barton identifying the areas sampled (adapted from an original drawing by Levett Surveying,
supplied by Jonathan Rhind Architects)
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Figure 5: Second-floor plan showing the locations of samples taken for dendrochronology (adapted from an original drawing by
Levett Surveying, supplied by Jonathan Rhind Architects)
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Figure 6: First-floor plan showing the locations of samples taken for dendrochronology (adapted from an original drawing by
Levett Surveying, supplied by Jonathan Rhind Architects)
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Figure 7: Ground-floor plan showing the locations of samples taken for dendrochronology (adapted from an original drawing by
Levett Surveying, supplied by Jonathan Rhind Architects)
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Figure 8: Bar diagram showing the relative positions of overlap of the dated sequences from the remnant primary-phase timbers
and their individual felling dates/date ranges: white bars represent heartwood; yellow bars represent sapwood rings
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Figure 9: Bar diagram showing the relative positions of overlap of the dated sequences from the re-ordering phase timbers and
their individual felling dates/date ranges: white bars represent heartwood; yellow bars represent sapwood; narrow sections

represent additional unmeasured rings



APPENDIX

Ring width values (0.01mm) for the sequences measured

gmbt03

513 376 368 225 316 427
282 322 312 260 163 221
252 428 420 287 341 270
205 334 245 311 311 349
158 160 139 177 182 154
84 106 129 105 117 142
8 82 93 132 100 112
71 74 97 142 126 135

gmbt04

140 132 175 144 199 199
207 247 213 215 132 125
117 111 109 146 156 84

76 117 96 114 89 96

73 79 70 78 66 82

59 101 56 55 89 51

50 52 69 82 101 64

82 142 103 143 127 93

8 120 79 55 63 83

67 48 63 112 107 125
116 119 117 52 121 91

113 93 82 99 86 122
116 120 119 82 92 96

66 100 8 75 78 101
51 52 59 66 66 60

55 58 73 98 79 66

gmbt05

408 183 169 377 347 221
370 256 308 435 356 243
405 360 231 329 416 365
372 288 329 271 257 352
254 378 309 419 326 285
268 339 335 382 263 185
231 232 228 242 172 171

gmbt6i

168 216 270 248 320 245
151 213 213 194 127 211
190 171 199 198 147 164
167 144 156 196 173 173
82 8 103 101 113 89
75 71 75 82 74 58
41 47 52 36 40 42

gmbit6ii
33 50 41 48 46 36

© HISTORIC ENGLAND

351
229
200
308
90

106
115
169

107
153
116
101
81
74
77
85
59
104
97
151
108
99
66
107

190
183
416
376
333
205
144

293
174
140
95
92
65
34

40

307
233
280
212
83

99

143
223

156
96
109
71
63
51
131
119
62
119
73
183
91
88
63

233
266
316
307
334
174
111

273
122
168
146
88
60
29

50

20

250
262
309
222
99

91

103
167

178
66
114
63
72
74
147
198
63
50
69
97
98
60
74

349
287
318
273
213
198
164

226
159
144
86
80
44
25

63

297
208
221
268
91

80

122
180

209
114
87
86
44
57
77
124
35
91
103
104
104
71
51

339
293
450
365
272
203
243

214
168
106
115
70
45
34

75

190-2020



58
82
78
164

51
62
89
133

gmbt06iii

179
163
129
85

134
221
160
101

gmbt07

118
281
185
84
68
43
51
87
70
41
121
87
230
193

130
246
136
115
47
38
78
64
51
34
110
88
142

gmbit08i

268
207
178
114
81
55

274
182
175
97
65
45

gmbt08ii

42
34
38
39
57
59
108
67

37
49
45
36
38
60
85
88

gmbt09

39

54

149
116
158
138
198
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35
64
150
98
137
141
230

50
92
86
99

126
135
162

257
244
159
87
47
31
87
47
58
42
94
98
165

249
187
146
97
52
36

35
38
56
32
30
87
97
87

58
49
175
76
149
111
157

48
113
76
98

140
176
159

282
263
184
93
61
49
76
51
73
68
93
61
126

203
204
157
93
69
44

42
35
48
49
34
146
91
73

40

63

107
131
108
140
228

54
87
142
90

153
188
143

266
294
183
88
57
152
103
60
58
68
60
96
121

197
209
142
65
66
32

45
65
49
38
44
107
108
80

43

162
174
124
119
205
217

108
107
164
113

173
165
133

310
282
169
62
68
91
124
80
59
55
62
97
121

135
157
158
77
52
37

41
44
48
41
40
62
138
95

37

176
209
168
152
216
176

132
116
155
122

141
186
167

309
310
201
71
49
109
100
111
54
58
42
138
211

152
265
119
76
43
33

40
49
49
42
44
78
73
76

40

121
151
105
205
158
171

77
90
93
234

136
126
193

328
226
178
77
28
55
143
97
75
57
55
125
114

181
198
137
109
53
20

37
32
40
59
57
50
74
88

55

135
102
144
111
119
138

21

75
57
105
126

136
201
150

243
250
161
54
32
40
99
147
60
52
66
161
119

232
197
133
72
47
23

31
30
42
80
83
56
81

50

136
117
168
135
166
212

69
57
142

127
148
97

318
230
144
74
32
60
71
87
58
77
108
158
148

275
152
109
82
52
40

33
29
41
57
69
79
80

66

116
139
181
131
135
227

190-2020



195 195
131 164
87
gmbt10
49 39
72 78
41 81
72 78
103 102
125 195
190 185
139 190
144 168
gmbtll
123 145
97 69
71 76
59 76
69 56
78 61
57 75
82 73
50 63
43 49
71 74
153 142
225 164
132 123
gmbtl2a
163 157
113 90
70 76
50 97
60 90
162 141
146 146
146 99
23 42
59 55
59 50
59 51
83 67
70 71
65 69
gmbt12b
113 116
58 58
66 66
69 68
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237
167

83
43
89
67
64
133
130
205
203

109
85
60
40
52
62
74
99
55
62
98
164
143
157

106
99
63
117
119
102
80
84
47
60
56
56
61
60
69

133
63
44
62

157
150

51
47
69
139
79
158
160
175
155

123
92
76
46
43
49
77
60
66
96
99
106
177
209

122
57
92
99
114
105
108
110
50
65
50
58
73
58
68

110
57
70
59

150
123

38
61
112
102
87
164
203
194
160

106
65
47
50
57
59
45
60
53
86
56
130
178
181

176
110
74
88
83
134
117
122
47
40
49
49
56
56

55
84
71
57

132
161

36
93
95
178
108
182
180
190
214

97
39
67
44
78
87
51
40
48
69
72
134
217
148

166
111
69
137
100
109
120
115
54
60
49
56
52
56

28
57
67
81

166
152

45
50
96
94
155
125
170
235

78
74
42
33
47
63
48
46
51
100
90
190
117
196

160
84
97
105
97
110
114
47
66
62
55
56
46
56

39
65
68
55

171
155

77
48
54
125
102
130
165
237

74
74
65
45
45
51
76
78
56
123
61
183
94
126

129
99
96
131
85
145
98
38
50
53
64
57
48
57

36
69

54

22

188
161

51
48
56
132
141
183
260
157

112
76
59
51
64
48
58
60
48
87
122
156
94
113

113
111
82
92
89
126
135
32
56
59
54
54
62
42

43
61
73
70

111
107

45
79
82
129
144
159
162
114

79
82
41
65
64
53
79
57
49
84
158
155
125

134
50
54
99
105
155
117
28
60
62
45
50
65
52

52
60
59
59
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74
69
77
77

68
79
67
102

gmbt13

190
71
122
65
130
151
122
93
89
52
71
47
67

143
88
92
64
102
189
138
135
103
64
78
55
52

gmbt14

409
520
391
337
408
269

540
427
317
333
275
279

gmbtl5

326
271
260
211
141

373
319
395
164
205

gmbt16

35
32
59
119
138
90
123
252
175
123
97
71
40

46
35
38
138
71
116
195
261
114
119
139
65
59

gmbtl7

148
389
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134
293

52
68
56

140
194
149
63
122
135
215
116
105
50
37
74
55

468
448
404
304
195
171

188
383
217
297
209

50
50
69
69
71
82
231
163
132
109
121
55
53

222
233

71
56
53

199
152
151
66
154
154
200
103
102
64
73
69
70

538
447
394
301
252
268

333
376
330
300
186

31
55
112
53
53
78
102
139
119
125
97
43
39

238
192

62
63

160
122
106
85
113
128
268
85
46
66
52
68
86

494
454
295
353
340
226

342
301
380
170
171

42
43
102
60
58
92
124
125
164
157
101
54

183
187

63
50
51

181
136
146
86
190
135
288
90
36
66
57
72
83

452
401
300
385
298
147

428
423
229
199

39
38
65
98
106
120
171
154
136
80
52
30

192
152

66
67
54

136
87
110
102
147
106
267
105
30
52
80
60

511
279
331
363
294
83

248
543
225
175

64
91
72
78
77
91
166
234
104
97
56
54

239
87

57
79
46

154
118
71
94
150
122
274
94
30
51
83
46

377
398
337
344
226
136

229
412
280
208

64
57
98
87
88
74
207
189
91
164
55
58

208
178

23

99
75

165
129
46
82
93
220
228
127
39
53
74
64

564
374
306
320
293
155

326
390
370
336

55
121
70
122
69
92
159
138
223
120
99
31

244
125

64
84
78

143
124
55
95
125
174
220
94
42
45
57
61

524
336
387
365
224
127

358
324
255
179

40
65
102
84
97
137
179
163
130
87
74
39

182
119
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91
131
46
77
111
51
39
66
71
100
95
78
35

140
140
70
58
57
60

105
111
103
64
70
94

gmbtl8

117
134
121
57
34
120
240
84
78
80
120
94
69

161
117
71
33
37
78
296
48
148
104
256
105
145

gmbt19

188
114
116
115
109
63
89
67
114
50
44
67

146
129
121
110
104
54
58
64
60
67
53
83

gmbt20i

237
200
114
135
73
101
56
60
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256
213
102
110
63
51
59
57

157
171
82
129
90
77
99
109
127
50
78
71

190
110
104
52
39
51
303
80
211
117
282
105
157

174
104
126
76
70
31
68
78
69
99
79
94

158
228
140
65
47
39
58
66

99
144
70
101
57
102
90
96
78
94
60
69

173
159
102
44
53
136
188
78
129
115
194
107
96

190
161
71
46
70
77
107
77
74
53
52
137

221
267
105
56
33
36
62
37

105
162
111
120
93
50
164
87
64
42
76
68

160
168
137
28
78
91
203
74
93
104
131
221
118

169
166
96
88
74
56
93
79
46
89
59
101

192
186
100
56
84
45
50
51

132
99
122
84
59
73
175
125
54
56
86
42

189
172
143
56
40
133
125
95
59
121
89
102
118

179
104
168
58
96
95
93
70
70
59
51

150
187
150
52
74
83
25

221
135
84
48
31
81
197
109
66
92
83
31

161
117
101
54
38
80
147
90
104
105
111
83
134

155
137
109
104
53
130
87
45
33
52
76

125
156
83
57
69
77
28

217
112
88
40
39
55
111
132
121
138
53
35

112
178
115
41

47

48

157
127
137
102
114
176
129

112
196
110
49
83
88
123
48
47
74
51

151
173
121
53
50
56
38

24

124
60
50
91
75
80
87
48
165
101
57
32

179
239
147
54

60

56

123
140
117
109
124
141
158

144
171
84
42
66
175
109
56
48
101
58

202
200
114
61
74
48
33

120
79
72
171
83
63
41
39
101
69
61
31

131
195
90
50
86
93
125
111
94
167
88
101
82

166
113
55
45
69
123
154
104
70
59
56

194
228
111
73
62
56
35

190-2020



gmbt20ii

58
27
24
79

67
25
28

gmbt22

255
295
265
82

55

164
108

326
348
398
59
37
128

gmbt25

189
276
383
330
160

294
314
393
266
150

gmbt26

114
116
254
167
82
95
71
69
24
26

118
126
226
260
103
117
76
58
31
26

gmbt27

47

165
182
116
227
237
133
108
82

41
210
160
90
229
267
139
199
72

gmbt28

76
110
124
154
107
81
89
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101
87
122
118
120
93
88

81
33
26

410
297
451
65
42
170

339
279
295
388
135

103
205
256
161
132
9%
71
44
35
33

48

253
151
123
114
379
216
151
105

64
118
152
144
91
111
84

70
34
21

357
355
429
49
50
137

241
339
264
429

85
254
147
188
148
128
64
56
29
41

60

219
172
128
135
320
253
127
79

71
100
203
141
107
88
80

61
46
31

342
328
353
82
53
166

239
332
259
298

243
222
163
88
206
85
51
39
45
30

51
195
164
78
219
195
198
96
79

104
114
178
133
110
106
84

65
32
33

386
403
2901
59
65
172

138
404
349
202

195
211
135
76
123
53
52
35
48
35

60
223
151
95
112
251
143
79
41

145
113
178
150
124
100
81

30
34
53

365
373
335
53
81
193

118
379
206
195

243
280
185
129
115
80
51
39
29

41
289
128
107
76
230
160
89
56

116
130
172
114
105
99

53

37
33
44

421
418
370
49
102
77

203
313
382
181

132
383
230
156
132
61
49
40
57

46
177
83
140
156
197
122
116
52

135
117
135
91
103
65
53

25

51
35
48

306
481
368
33
112
50

255
423
392
170

171
305
236
92
152
88
48
41
19

44
222
134
112
176
138
220
156
73

122
125
225
77
86
85
43

35
31
51

275
380
397
46
85
89

261
357
306
101

392
227
184
73
148
67
47
31
31

43

225
140
249
212
184
75

138

134
156
194
82
75
107
43
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48
48
78

64
46
73

gmbt29

293
295
110
146
169
101
111
96

35

167
294
164
155
119
102
184
68

35

gmbt30

261
139
126
119
75

171
116
39

262
127
124
190
90
115
99
40

gmbt31

159
186
131
181
233
129
219

143
123
124
185
171
179
205

gmbt32

293
206
139
160
253
293
48

31

205
83

134
204
286
157
61

gmbt33

117
183
225
168
182
169
145
146
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61

92

172
128
256
197
147
178

58
72
85

376
261
210
101
129
125
195
53

29

121
197
106
113
164
87

83

119
135
144
144
195
173
170

206
176
95

311
222
156
63

76

65

221
136
320
209
168
173

76
61

460
320
165
108
96
114
92
58
30

162
183
121
83

174
109
76

139
196
187
192
184
192

181
283
234
213
230
75

71

103
89

207
174
220
195
202
188

45
84

349
410
167
118
120
78
128
73
38

177
151
98
81
182
120
65

164
197
157
182
251
159

261
215
241
301
153
67

65

110
130
204
186
236
245
214
231

62
57

246
329
127
135
159
74
116
71
55

85

209
119
101
163
101
63
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