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Preface

My involvement with Tegea began in 1993, the fourth year of the five year Nor-
wegian excavation project at the sanctuary of Athena Alea; this publication has
evolved directly from the documentation project of the building blocks at the site.
| owe my greatest gratitude to Professor Erik @stby, the director of the excava-
tions and the Norwegian Institute at Athens, for his continuous support and guid-
ance. The Greek collaborators of the excavation project are Dr. Th. G. Spyropou-
los, the ephor of antiquities of Arcadia and Laconia, and Dr. A. Delivorrias, the
director of the Benaki Museum at Athens.

The slightly unusual appearance of the volume for a book on ancient archi-
tecture is due to multiple aims | am trying to attain. Combining methodological
questions with the study of preserved blocks is typical of large part of the publica-
tion. For example, how can computer programming and statistics be used to ob-
tain more information from architectural and archaeological data? The results are
often less accurate than previously published dimensions of the building. In many
cases, millimetre exact information of the Greek buildings cannot be achieved,
and computerised analysis provides a method for finding the most probable range
for the dimension in question. Both the proportional analysis of the buildings and
the reconstruction drawings, as well as computer models, are dependent on accu-
rate data; in studies of proportional relationships especially, unwarranted meas-
urement accuracy may lead to incorrect conclusions.

One of the objectives of this study is to make publicly accessible a more
thorough account of the computer programs and statistics used in the five papers
of my dissertation; for example, no program listings could be published in the pa-
pers. In fact, the initiative for the publication came from Seppo Mustonen, Profes-
sor of Statistics at the University of Helsinki, who at the time was a referee of my
dissertation. | wish to thank him sincerely for his suggestion and all his comments
on my work during the past five years; these comments have occasionally resulted
in months more work. | am very grateful to the Department of Art History at the
University of Helsinki for accepting this book into the publication series and to
the Foundation of the Finnish Institute at Athens for its co-operation; from the de-
partment | am especially indebted to Professors Riitta Nikula and Jukka Ervamaa
for their encouragement. The original basis of this book is my licentiate thesis
submitted to the department in 1995.

During the final phase of writing, the comments of Richard Anderson, ar-
chitect of the Athenian Agora, Dr. Petra Pakkanen, and Dr. Jonathan Tomlinson
have been of especial value. The last mentioned has also revised the language of
the text. The following persons have also read either my licentiate thesis or vari-
ous stages of the manuscript of this book, and their comments have been more
than welcome: Docent Anja Kervanto-Nevanlinna, Dr. Manolis Korres, Prof.
Seppo Mustonen, Prof. Riitta Nikula, Prof. Erik @stby, Prof. Ahti Pakkanen, Do-
cent Leena Pietila-Castrén, and Dr. Nicholas Rodgers.



To all the friends | have made during the years at Tegea | am very grateful;
they are far too numerous to be listed here. The following persons have partici-
pated in the documentation of the blocks used in the publication: Anne-Claire
Chauveau, @ystein Ekroll, Anne Hooton, Christina M. Joslin, Marianne Knutsen,
Tara McClenahan, Petra Pakkanen, Thomas Pfauth, and Tuula Poyhi&; without
their help this study would not have been possible.

The Finnish Institute at Athens, and its good co-operation with the
neighbouring Scandinavian archaeological institutes and the Nordic Library, has
been a of crucial importance for this study. | wish to thank the following the past
directors of the Finnish Institute for having especially contributed to this book:
General Director Henrik Lilius for bringing me in contact with Erik @stby, and
Prof. Jaakko Frdsén for his part in the publication process. | am greatly indebted
to Prof. Olli Salomies and Maria Martzoukou for the current favourable working
environment at the Finnish Institute.

The study has greatly benefited from various discussions on the sanctuary
of Athena Alea with my colleagues; in addition to those persons named above, my
thanks are particularly due to Michael Djordjevitch, David Johnson, Dr. Gullég
Nordquist, Prof. Olga Palagia, Prof. Richard A. Tomlinson, Prof. Mary Voyatzis,
and Dr. lan Whitbread.

On practical matters concerning the publication Eva Kanerva, Stavros
Malagardis, and Harri Markkula have been of invaluable help.

The research presented in the publication has been funded mostly by the
Academy of Finland and, for the past one-and-a-half years, by my employer, the
Foundation of the Finnish Institute at Athens. For my early involvement with the
Tegea excavation project I received financial aid from the Centre for International
Mobility, the Friends of the Finnish Institute at Athens, and the Kari Kairamo
Memorial Fund.

| am very grateful to my parents, Eila and Ahti, my brother and sister, Juha
and Laura, and their families, for their continuous support. With love | dedicate
this study to my wife Petra.

Athens, December 1998
Jari Pakkanen

All the programs presented in the study whose copyright is owned by the
author are freely available on request.

The Finnish Institute at Athens
Zitrou 16, GR-11742 Athens, Greece
e-mail: jpakkane@compulink.gr



Abbreviations

AbH
AbW
AnnH
CapH
ColH
Diama
Diam,
Diam._A
Diamy
DiamUA
DrH
EchH
Entmax
FIw,
FIWy

H

L

L.
TrachH
W

Abacus height

Abacus width

Annulet height

Capital height

Column height

Diameter of the capital neck at the arrises

Lower diameter of a drum or column between the flutes
Lower diameter of a drum or column between the arrises
Upper diameter of a drum or column between the flutes
Upper diameter of a drum or column between the arrises
Drum height

Echinus height

Maximum entasis

Flute width of a drum or column at the bottom

Flute width of a drum or column at the top

Height

Length

Temple

Trachelion height

Width

For the terminology, see the Glossary on p. 83.
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|. Introduction

Presented here is a restudy of the peristyle columns of the fourth-century BC tem-
ple of Athena Alea at Tegea in the Peloponnese.' The need for the study is not
perhaps immediately apparent as the architecture of the temple was published in
1924 by Ch. Dugas and M. Clemmensen in the excellent monograph Le sanctuaire
d’Aléa Athéna a Tégée au IV® siécle where it is clearly stated that the recon-
struction of the column is absolutely exact.” Recent studies have mainly concen-
trated on the arrangement of the cella and the Corinthian capital,® and when the
exterior reconstruction has been discussed, almost only the voice of the original
publication has been echoed.* It is actually this certainty which, in 1994, caused
me to start to wonder, how it is possible to give a millimetre exact reconstruction
of the column height when there are no column drums in situ and there is consid-

L' a brief, preliminary account of this study is published in Pakkanen 1996a, 695-702.

2 “Elles nous font aussi connaitre le diamétre inférieur des colonnes et, grace aux tambours que
nous possédons (voir I’appendice 1), il est possible de présenter de la colonne une reconstitution
absolument exacte.” Dugas et al. 1924, 18.

3 See pp. 7-8.

4 E.g., most recently, “Enough material remains to reconstruct the exterior of the temple with
complete confidence” (Norman 1984, 170) and “more architectural blocks from it [the Classical
temple] are coming to light in the excavation, but they will hardly require revision of those recon-
structions which were offered in the original publication of 1924, and which have been corrected
on minor points in recent studies” (@stby 1994, 53). The only exception | have come across is in a
footnote in Norman’s article where she cites Clemmensen’s own doubts (Clemmensen 1925, 11—
12) over the column height reconstruction (Norman 1984, 180 n. 69); see p. 50.
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erable variation in the height of the drums.”

In order to investigate the possible ways of combining the column drums
| wrote a computer program:® as input data it takes the number of the block, upper
and lower diameters of the drum between the flutes, and the height of the drum.
The arrises of most of the blocks are largely broken, thus matching the drums on
the basis of diameter between the arrises and flute width was not possible—only
combining the drums according to the diameters at the bottoms of the flutes was
tested. All the published measurements are in millimetres, but usually such preci-
sion cannot be attained in measuring the column drums of the temple due to bro-
ken surfaces, weathering of the blocks and slight irregularities in the shape of the
drums. | chose to consider this problem by giving as a parameter the amount of
difference allowed in finding two fitting blocks. For example, tolerance of 3 mm
defines a 6 mm range for the drum diameter—in this case | would be expecting a
possible error of #3 mm in Clemmensen’s measurements.’ If the upper diameter

® Clemmensen measured the column drums at the site and published the measurements of 47

drums (Dugas et al. 1924, app. 1l 131-133): the greatest variation is found in level C (third drum
from the bottom) where the shortest drum is 1.321 m and the tallest 1.675 m, giving a difference of
ca. 0.35 m. In the appendix Clemmensen is reported as the sole author of the table.

% Onthe program used to produce shaft combinations, see also p. 62 and App. E, p. E2.

" itis very hard to find one correct figure for tolerance to be given as the parameter to the pro-
gram. In the first place, the expected accuracy of Clemmensen’s measurements should be consid-
ered. It is apparent from his brilliant drawings in the publication (Dugas et al. 1924, pls. 1-81) that
his work is very accurate. But giving too much respect to the published figures’ accuracy leads to
loss of information: possible combinations would then be excluded. Therefore, the suggested toler-
ance of 3 mm is a compromise, and should be regarded only as an initial proposition necessary at
this stage of the study.
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range of the lower block and the lower diameter range of the upper block overlap,
the pair is accepted as possibly matching.

Figure 1 displays the column shaft heights of the possible combinations as a
histogram: with the tolerance set at 3 mm there are 3,361 ways to combine the col-
umn drums. The minimum height of the column is 8.60 m and the maximum
height 9.26 m. The mean, 8.89 m, is close to the shaft height suggested by Dugas
and Clemmensen, 8.885 m. But examination of the histogram shows that the cen-
tre classes are surprisingly vacant, and there are two clear clusters which do not
coincide with the average height: the first at 8.80-8.85 m, and the second at 8.95-
8.98 m. Clearly, therefore, the matter needs to be studied further.

In Chapters I1-1V | will discuss the documentation and the architectural
material, and Chapter V presents the method for reconstructing the height of the
column.

1. Preliminary Catalogue of Building Blocks

This study on the peristyle columns is closely connected with the project of cata-
loguing building blocks in the sanctuary. The project has two objects: firstly, it
will provide a basis for further research on the temple, and secondly, it is the first
step toward a plan to rearrange the blocks at the site and for any future projects of
conservation or restoration.

The catalogue was started by E. @stby in 1990, the opening season of the
five year Norwegian excavation project led by him.? It included forty-nine blocks
which had been lifted on top of the temple foundations during the previous exca-
vations and fifty blocks lying north and north-east of the foundations. The cata-
logue does not include the blocks remaining in situ: these are the foundation and
stylobate blocks for the columns of the Archaic cella and the foundation and the
few euthynteria blocks of the Classical temple. These have been quite well docu-
mented during previous research and could therefore be given a lower priority.°
The entry for each block consisted, at this stage, of a description of the block with
its basic dimensions.

In the autumn of 1992 E. @sthy requested me to continue the catalogue in
1993. A complete preliminary catalogue of the building blocks was set as the goal
for the season: it would include a short description of the block, the basic meas-
urements needed for identifying the block, and its position in the general co-
ordinate system of the sanctuary. The positions of the blocks were plotted using a
theodolite with an electronic distance meter.'® The catalogue currently includes

8 Onthe excavations, see pp. 6—7.

° A drawing of the Archaic foundations was made by D. I. Sonerud in 1995, and a new drawing
of the Classical foundations is being prepared by the author.

10 was greatly assisted by T. Pfauth in plotting the blocks’ positions. C. M. Joslin and M. Knutsen
also participated in taking the measurements. With the measuring and identification of the blocks |
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820 blocks, almost all from the Classical temple, but some from other buildings,
such as the few Byzantine building fragments (double columns and a capital) and a
starting line block from the stadium of Tegea. This is not in situ, but it supports the
hypothesis that the stadium was in the immediate vicinity of the sanctuary.™

The 99 blocks initially studied by E. @stby established the order in which
the remaining blocks were documented: the first block lies on the north-west cor-
ner of the foundations, and following this, in a clockwise direction, are the blocks
on the foundations. Next, starting west of the north ramp and again moving clock-
wise, the blocks around the foundations were listed. There are two major excep-
tions to this rule: the large deposit at the south-east angle of the sanctuary and the
deposit of smaller blocks at the eastern part of the sanctuary was both initially
omitted and catalogued later, after the other blocks. The final task of the 1993 sea-
son was the cataloguing of the new blocks found in 1990-93.

A supplement to the catalogue is a plan of the sanctuary; the co-ordinate
points with the block identification number are automatically plotted on top of the
plan which was redrawn for computer. The greatest advantage of the electronic
plan is versatility: plans at different scales can easily be printed, and different
prints of certain types of blocks can also be made.*? The current site plan with all
the blocks is at a scale of 1:250.

During the 1994 and 1995 seasons most of the field work was connected
with aspects presented in this study: the column drums, cella wall blocks, capitals,
architraves, and frieze blocks were subjected to more extensive examination.™® In
1998 some of the drum data were rechecked and the flute widths of all the drums
remeasured. The new measurements and observations have also been included in
the preliminary catalogue.

2. Earlier Investigations

The sanctuary was first identified in the village of Piali (now Alea) by E. Dodwell
in 1806 from the visible architectural remains of the temple:

“On the 7th of March, we visited the ruins of Tegea ... Some hundred yards from this
church [Palaio Episkopi], is the village of Piali, and a few remains of the great temple of
Minerva Alea, built by Skopas of Paros; the original temple, built by Aleus, son of Aphi-

was helped by @. Ekroll whose main task has been to participate in the project of planning a more
convenient arrangement of the building blocks at the site.

1 For a discussion of the stadium location, see Voyatzis 1990, 14-15 and @stby 1994, 53-54.

12 See Figs. 8, 11, and 17 for plans produced by automatic plotting.

13 The persons who have also participated in the documentation are as follows: column drums: A.-
C. Chauveau, @. Ekroll, and T. Pfauth in 1994, P. Pakkanen in 1995; cella wall blocks: @. Ekroll
in 1994; architraves and frieze blocks: P. Pakkanen in 1995 and 1996; study and new drawings of
various blocks: T. Péyhid in 1996; column drum rechecks: A. Hooton and T. McClanahan in 1998.
Without their help the building block study would not have been possible.
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das, having been burnt in the ninety-sixth Olympiad. It was composed of the three orders
of Grecian architecture. Above the Doric was the Corinthian, surmounted by the lonic. |
found fragments of the different orders. There are several large masses of Doric columns
of white marble, but the greatest part is buried. | was not able to take exact dimensions; but
those of the Doric order did not appear to be much inferior in size to those of the Parthe-
non.

Their size may probably have contributed to their preservation, as they were too
heavy to be removed. The two other orders were no doubt much smaller, and have been
carried to Tripolitza, as very few fragments of them remain.

We are informed by Pausanias that this temple was one of the largest and most or-
namented in the Peloponnesos. The Calydonian hunt was represented on its front tym-
panon, vvlr}ile the posticum exhibited the battle of Telephos and Achilles in the plain of
Kaikos.”

Dodwell is quite liberal in reading Pausanias’ description of the temple,™
but the passage has been a difficult one for modern scholars as well: for more than
a century it has been debated whether to keep Pausanias’ original €xtog in con-
nection with the lonic columns,™® or to emend it to évtoc.'” | have recently argued
that the original reading should be kept and that instead of reconstructing the tem-
ple interior with lonic half-columns on top of the Corinthian ones,*® a podium
could be placed below the Corinthian order and the lonic order omitted.™® Dod-
well’s observation on the size of the Doric columns is also slightly erroneous: the
difference in size between the exterior orders of the Parthenon and the temple of
Athenz% Alea is substantial, but even today the drums at Tegea are an impressive
sight.

' Dodwell 1819, 418-419.

15 paus. 8.45.4-7. Pausanias explicitly states that the temple was the largest in the Peloponnese
(8.45.5), even though there are several larger ones (see Jstby et al. 1994, 89 n. 2).

%% HEV M TPATOHG €0TLV ADTA KOOUOG TOV KLOVOV Adprog, 0 3¢ £Eml 100t Kopivoiog:
£0TNKOOL 8¢ KOl €KTOG TOV vooD kioveg épyaciog Thg Tovov. Paus. 8,45,5.

17 The latest Teubner edition of 1977 accepts the emendation. For a recent general discussion of
the problem, see Norman 1984, 179.

18 As suggested by N. J. Norman (1984, 179-180).

19 pakkanen 1996b, 153-164. On the cella wall height, see n. 31 on p. 62. The single piece of ma-
terial evidence that Norman was able to connect with the lonic order at Tegea, the small fragment
of a column drum (Norman 1984, 180, pl. 31, fig. 10; see also p. A27, block 319, and p. A42 for a
drawing), was studied by O. Palagia in December 1997: it has actually sharp arrises and therefore a
part of a small Doric column, not lonic. However, new field work carried out in June 1997 showed
that the reconstruction presented in Pakkanen 1996b (fig. 8) cannot be regarded as final: The centre
podium block () is slightly irregular, suggesting that it could be from a statue podium. The front
surface of the top podium block is previously undocumented and its top front corner seems to be
deliberately hacked away, but the cut part is most probably a smooth rim and not a projecting
moulding (on this “sub-toichobate” block, see Pakkanen 1996b, 157, 161). This indicates that there
was originally another block in front of it, necessitating a wider reconstruction of the podium, as in
the tholos at Delphi (see e.g. Pakkanen 1996b, fig. 5).

2% The lower diameter of the drums of the Parthenon is 1.905 m (Dinsmoor 1950, 338); at Tegea
the lower diameter is c. 1.55 m (see pp. 22-23).
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A. Archaeology

A. Milchhofer of the German Archaeological Institute at Athens was the first to
conduct archaeological research at the site by excavating exploratory trenches to
determine the position of the temple in 1879.%" G. Treu suggested that the sculp-
tures in the museum of Piali must come from the pediments and were, therefore,
original works by Skopas.? The architectural fragments were further studied by F.
Adler, R. Borrmann, W. Dorpfeld, P. Graef, and F. Graeber, and they agreed that
the fragments were from the temple of Athena Alea.” In 1882 Dérpfeld carried
out a systematic study of the foundations and the architectural remains uncovered
by Milchhéfer, and he was able to present fairly accurately the peristyle plan.?* In
1900 the French School at Athens purchased most of the private houses on top of
the temple and full-scale excavations were started; between the years 1900-1902
G. Mendel uncovered all of the foundations except for the south-west part of the
temple.?® The last house on the foundations was bought by the Archaeological So-
ciety of Athens and excavated by K. A. Rhomaios in 1909.%°

From 1910 to 1913 the French archaeologist Ch. Dugas worked at the tem-
ple site in order to publish the excavated material and to carry out additional ar-
chaeological work: the latter task was limited to the surroundings of the altar and
some very small trenches around the temple area. Dugas’ chief collaborators were
architect M. Clemmensen and sculptor J. Berchmans.?” The result of their work
was the lavishly illustrated publication of the Classical temple in 1924. Dugas had
previously published an article—mainly a catalogue of small objects—on the ear-
lier sanctuary in 1921.%

In 1964 and 1965 Ch. Christou and A. Demakopoulou of the Greek Ar-
chaeological Service cleared the temple site and did limited excavation work 200
m south of the temple, uncovering some new sculptural and architectural frag-
ments of the temple.?® G. Steinhauer, also of the Greek Archaeological Service,
opened seven trenches to the north of the temple in 1976 and 1977.%

From 1990 to 1994 the Norwegian Institute at Athens, under the direction
of E. @stby and as an international co-operation, excavated two sectors: between
the two rows of Archaic foundations within the cella of the Classical temple, and

2 Milchhéfer 1880, 52-69.

%2 Treu 1881, 393-423.

23 Dorpfeld 1883, 274.

%4 Dorpfeld 1883, 275-277.

% Mendel 1901, 241-256; Dugas et al. 1924, X.

2% Rhomaios 1909, 303-316.

%" Dugas 1911, 257-258. Dugas et al. 1924, X-XII.

%8 Dugas 1921, 335-435.

29 Christou—Demakopoulou 1965, 169-170, and Demakopoulou 1966, 152-154.

%0 @Dstby et al. 1994, 96. The work is still unpublished, but M. E. Voyatzis has studied some of the
objects and Steinhauer’s section drawings; see Voyatzis 1990, 21, 24-25, 52 n. 85 and 53 n. 110.
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north of the temple in approximately the same area as G. Steinhauer. In the cella
area it was confirmed that the foundations belong to the Archaic temple, and be-
neath these Archaic foundations two apsidal Geometric buildings were identi-
fied.® In the northern sector the stratigraphy of the area from the early Archaic to
the late Byzantine period has been established. Remains of large, collapsed mud-
bricksgtructures have been discovered in the northernmost part of the excava-
tions.

B. Other Previous Studies on the Temple

After Dugas and Clemmensen, the first to undertake an investigation of the temple
at Tegea was B. H. Hill: from 1946 to 1954 he studied the building in order to
obtain comparative material for his work on the temple of Zeus at Nemea. He
mainly used the French publication, but he also made several visits to the site. Hill
presented a new reconstruction of the Corinthian capital inside the cella,® but oth-
erwise his results were left unpublished until N. J. Norman was able to use Hill’s
work-notes for her study.>* The Corinthian capital is discussed by H. Bauer as
well: he suggests a slightly taller capital than Hill’s reconstruction, but it is other-
wise similar.*

Norman’s article on the Classical temple proposes a new reconstruction of
the cella interior: there are Corinthian half-columns on three sides of the cella, and
lonic half-columns above them. Hill’s evidence for his reconstruction of the Corin-
thian capital is included in the paper.®

H. Knell has made an attempt to demonstrate that the ratio 6:14—number
of columns on the short and long sides—can also be found at the euthynteria level
of the temple, and that the normal axial spacings of the short side colonnades is
3.607 m, but neither of these observations should be accepted.®” H. Bankel has

31 Gstby et al. 1994, 96-107; Nordquist 1995, 27-30.

32 Dstby et al. 1994, 107-117; Dstby 1994, 46-53. During the last year of excavation, levels ap-
proaching the Geometric period were reached.

33 Hill 1966, pl. 29 B.

3% Norman 1984, 169 and n. 1. | am indebted to W. Coulson, previous Director of the American
School of Classical Studies at Athens, for permission to study B. H. Hill’s papers on the Tegea
temple, and to C. Zerner in practical matters connected with the papers. | was not able find any
important points in the notes left unnoticed by Norman.

% Bauer 1973, 65-71, 142.

3% Norman 1984, 169-194.

3 Knell 1983, 225. The ratio 6:14 at euthynteria level is based on a false figure for euthynteria
width: 21.184 m is actually the foundation width (21.200 m in Dugas et al. 1924, pls. 9-11).
Euthynteria edge at Tegea was slightly recessed from the edge of the foundations (Dugas et al.
1924, pls. 21-26 and 29), so the correct figures for the calculation of the euthynteria ratio are
21.04 m (width) and 49.40 m (length, Dugas et al. 1924, pls. 3—-4 and 9-11). If the ratio 6:14 is
used to calculate the width from the length (6 x 49.40 m/14 = 21.17 m), the discrepancy (0.13 m)
between the calculated width and the measurement is not acceptable. In trying to redefine the axial
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compared the elevations of the Tegea temple and the temple of Zeus at Stratos: it
is a sound metrological study and demonstrates well the general difficulty of de-
termining the foot units possibly used in Greek architecture.®®

The most complete discussion on the sculpture from the temple is A. F.
Stewart’s monograph on Skopas.*® Very recently O. Palagia has proposed that
Skopas was only the architect of the temple and that the pedimental sculptures are
by a local Peloponnesian workshop. Her argument is based on literary and stylistic
evidence, and as a whole, | find it quite convincing.*

The foundations within the Classical temple’s cella were independently
suggested by N. J. Norman and E. @stby to be Archaic rather than belonging to a
Byzantine basilica, as Dugas had proposed.** The former briefly discusses the
foundations in her paper which concentrates mainly on the cella of the Classical
temple, while the latter has published an extensive article on the subject and also
gives a hypothetical reconstruction of the plan.*

New observations on the column height and entasis as well as the cella in-
terior have been preliminarily reported by the author in several recent papers.*

3. The Classical Temple

According to Pausanias the old temple of Athena Alea was destroyed by fire in
395/394 BC and the architect of the new temple was Skopas of Paros.** The foun-
dations of the temple are mainly of conglomerate with some reused marble blocks
from the Archaic temple, and the superstructure is completely of Doliana marble.*

The foundations of an entrance ramp to the temple on the east front are pre-

spacings of the short side colonnades Knell presents two figures for “uncontracted euthynteria
length and width” which are used in the calculations. How these figures have been produced is not
clear from the text and they do not fit measurements that can be otherwise calculated (Dugas et al.
1924, pl. 9-11: uncontracted euthynteria length would be 49.400 + 2 x (3.582 —3.238) = 50.088 m,
cf. Knell 50.15 m; uncontracted euthynteria width 21.040 + 2 x [(2 x 3.613 + 3.582) / 3 - 3.355] =
21.535 m, cf. Knell 21.642 m), so Knell’s figure for normal axial spacing on the front is also ques-
tionable.

%8 Bankel 1984, 413-430. On the foot units, see also pp. 67-68.

%9 Stewart 1977, 5-84.

40 Palagia 1995, 4. Her monograph on Skopas is under preparation.

*1 Dugas et al. 1924, 11-13.

*2 Norman 1984, 171; @stby 1986, 75-102.

*3 See Pakkanen 1996a, Pakkanen 1996b, 153-164, and Pakkanen 1997, 330-332.

* paus. 8.45.4-5.

*5 The marble has not been studied scientifically and therefore in some modern studies the building
material is not identified as certainly from Doliana; see e.g. Waelkens et al. 1988, 90-91. However,
as the Doliana quarries are only ca. 10 km to the south-east of Tegea, and as they show extensive
traces of ancient quarrying, they are very likely to be the source of the temple marble.
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Fig. 2. The east facade of the temple of Athena Alea. Scale 1:150.

served, and the north side also has a similar structure.*® Figures 2 and 3 present the
elevation of the east facade and the plan of the temple. The plan, six by fourteen
columns, is rather long for a fourth-century building; the elongated proportions of
the plan of the temple are most probably borrowed from the Archaic temple.*’ The
columns have slender proportions*® and, likewise, the entablature is low compared
to column height. The porches were distyle-in-antis, and as described above, in the
cella the Corinthian half-columns columns were probably standing on a podium—
no lonic order can be attributed to the cella interior.* The most complete discus-
sion of the date of the temple is by N. J. Norman: she dates it to 345-335 BC.>°
According to E. @stby, the pottery discovered in the Norwegian excavations sup-
ports the dating of the temple to the second half of the fourth century.

* On whether the foundations on the north flank are for a ramp or a platform, see @stby et al.
1994, 114-115.

*7 See e.g. Norman 1984, 172 and esp. n. 18; @stby 1986, 93-95.

*8 See pp. 72-73.

%9 See p. 5, esp. n. 19.

>0 Norman 1984, 191-193.
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1. Column Drums

Scattered around the temple and lifted back on to the foundations® there are 49
column drums which preserve the important dimensions, the full height and both
the lower and upper diameters.? Clemmensen gives a list of 47 drums, but some
are only fragmentary. It has been possible to identify with certainty all but two of
these in the sanctuary on the basis of the published measurements and Dugas’ and
Clemmensen’s systematic numbering of the drums.?

None of the drums are in situ, and only those recently excavated are cer-
tainly in the position where they were originally found during the excavations.*
When Mendel and Rhomaios exposed the foundations of the temple, they exca-
vated to a level ca. 1.5-2.0 m below the Classical earth level marked by the

! Forthe lifting of the drums, see n. 45 on p. 25.

2 There are two exceptions (blocks 48 and 93), but they are the lowest drums of the column shaft,
so even though their lower diameter cannot be measured they can be regarded as complete in the
sense of preserving their most important dimensions. The peristyle consisted of 36 columns of 6
drums each, so at the site there were originally 216 drums belonging to the exterior order. Since
all the 49 drums are from the peristyle (see pp. 27-28), 23% of the original material is well or
quite well preserved. In addition to these 49 drums there are 8 blocks at the site which have been
listed as whole column drums in App. A (pp. A9-42), but have at least one missing critical dimen-
sion; these include two complete drums broken into two halves (blocks 16 and 17, 487 and 495)
originally listed as separate drums.

3 Dugas et al. 1924, app. 11 131-133. On the identification of the blocks, see pp. 20-22.

4 @Dstby et al. 1994, 115. Mendel reported that he had found column drums as part of the founda-
tions of the Byzantine structure to the east of the temple; see Mendel 1901, 244-245.
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euthynteria blocks in situ on the southern flank of the temple.”

The most important information on column drums—measurements, draw-
ings, and some photographs—gathered during the 1993, 1994, 1995, and 1998
seasons is given in Appendix A, which comprises four sections. In the first part,
two tables, Al and A2, list all the diameter and height measurements taken from
the 49 well-preserved drums; Table A3 gives the averages and margins® of the
new measurements, Clemmensen’s measurements, and the differences between
the two. Listed separately are the cases where the difference is larger than the er-
ror margin established on the basis of new measurements (p. A8). The number of
blocks in the tables is 53 because it also includes four partially preserved drums
whose measurements were taken by Clemmensen.” The second part of Appendix
A is a catalogue of the column drums and drum fragments found at the site: a
short description of the block, its most important measurements, and its co-
ordinates are given, and for well-preserved drums a photograph is also included in
order to better illustrate the present state of the block and to facilitate identifica-
tion of the drum. In addition to the 135 drums and fragments of the exterior order
column shaft there are at the site three well-preserved drums and two fragments of
the pronaos and opisthodomos column shafts, one cella half-column fragment and
one fragment of a small Doric column whose origin is unknown. These are listed
in the catalogue for completeness, and to avoid mixing the preserved porch drums
and fragments with the exterior order drums.® The third part of Appendix A pre-
sents the schematic drawings of the bottom and top surfaces of the drums with the
empolion cutting and dowel holes.” These drawings were used to investigate
whether the drums which fit together on the basis of measurements could actually
have been a pair. Since they give the direction and flute numbering of the drums,
they can be used with the catalogue as a key to where the individual drum meas-
urements given in Tables Al and A2 were taken.”® The final part of Appendix A
is a list of possible drum pairs: it has been established on the basis of measure-
ments, but also coded in the list is the information gathered by checking the
schematic drawings of empolion and dowel holes of the two drum faces.™

° Dugas et al. 1924, pls. 6-8.

® The margins have been determined by combining the following factors: range and number of
measurements, the present state of the drum, method of measurement (if it was not possible to use
the callipers, usual foldable measure was used), and Clemmensen’s measurements.

" App. A, pp. A2-8.

8 App. A, pp. A9-42.

At Tegea the dowels were of iron with molten lead around them. On the use of empolions and
dowels to fasten column drums together, see Martin 1965, 291-296 and Orlandos 1968, 112-115.
For dowels still in their original position, see p. 24 and Dugas et al. 1924, 55 n. 2.

10 App. A, pp. A43-59.
1 App. A, pp. A60-61.
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Fig. 4. Idealised column shaft of the exterior column of the temple of Athena Alea at Tegea. Enta-

sis ignored.
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1. Documentation

Before beginning the actual documentation of the column drums at Tegea, one
publication proved most useful for the preparation: F. A. Cooper and C. Smith’s
contribution ‘The Reconstruction Project: 1980-1983" in the exhibition guide
Temple of Zeus at Nemea. Perspectives and Prospects. The exhibition was held in
1983 at the Benaki Museum, Athens. Cooper and Smith describe the documenta-
tion of the column drums at Nemea at length.*?

A. Zone Sheets

At Nemea one of the peristyle columns is still standing, and the reconstruction
research group had used this to draw an idealised image of the elevation, omitting
the entasis, at a scale of 1:25. This had then been divided into eleven overlapping
zones to provide space for the individual column drum drawings: the overlap en-
sured that each of the drums fitted completely in one of the zones. Eleven differ-
ent zone sheets were drawn showing bottom and top surfaces, and a rolled-out
side view of a drum.*®

At Tegea | began by using the same method. As Dugas and Clemmensen
had shown, all the columns comprised six drums and had twenty flutes.™ Initially
the idealised column was drawn without entasis using the published measure-
ments for column diameter and shaft height,® and divided into six overlapping
parts (Fig. 4), but the result was not entirely satisfactory. Comparison with Clem-
mensen’s measurements raised some doubts as to how well the middle drums
would fit into the idealised scheme: for example, Clemmensen’s drum number 78
should fit in the fourth zone, but its diameter between the arrises, 1.403 m,™ is
larger than the 1.39 m provided by the scheme. Therefore, the entasis of the col-
umn had to be introduced as far as possible into the zone sheets.

Taking the drum measurements as a starting point the shaft was again di-
vided into six parts, but instead of straight shaft profile, the entasis was approxi-
mated by line segments: between the bottom and the top of the shaft the dimen-
sions were calculated as averages of the drum measurements (Table 1).

To provide the overlap needed in the zone sheets, two of these points were
taken at a time: For the first zone sheet the values at the height levels 0 and 1.470
m were taken and these were then extrapolated as a straight line up to 1.75 m for
the overlap. The second zone sheet dimensions were calculated from the values at
the levels 1.470 and 2.946 m, and extrapolated down to 1.25 m and up to 3.25 m.

12 Cooper—smith 1983, 42-64.

13 Cooper—smith 1983, 56-59.

% Dugas et al. 1924, 18 and 131-133.

13 Dugas et al. 1924, pls. 21-26, 34, and 35.
16 Dugas et al. 1924, 132.
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Therefore, the column shaft consists essentially of overlapping line segments
which are not parallel to each other: the angle between the first line segment and
the vertical is slightly smaller than the angle between the second segment and the
vertical. The next four zone sheets were drawn using the same method for heights
2.75-4.75 m, 4.25-6.25 m, 5.75-7.75 m, and 7.25-8.885 m. In Table 2 the dimen-
sions derived in this way are given, and in parentheses the measurements obtained
from the idealised column elevation where entasis is ignored. The differences
close to the bottom and the top of the shaft are very small, but in the middle where
the swelling was the greatest, the differences exceed 2 cm and justify the addi-
tional work necessary before drawing the zone sheets. Figure 5 shows an example
of a zone sheet with the bottom and top surfaces of the drum, and the rolled-out
circumference. It is drawn at a scale of 1:25. The dimensions above and below the
side view of the drum give the height, the flute width, and the two diameters of
the column shaft.

Table 1. Average measurements of the column drums (m).

Height Diameter at the bottom Diameter at the Flute width
of the flutes arrises
8.885 1.158 1.209 0.190
7.444 1.213 1.278 0.202
5.965 1.272 1.338 0.212
4.444 1.330 1.400 0.220
2.946 1.377 1.455 0.229
1.470 1.420 1.506 0.238
0.000 1.456 1.555 0.242

Table 2. Extrapolated values used to draw zone sheets. Values of the idealised column without
entasis in parentheses (m).

Height Diameter at the bottom

Diameter at the Flute width

of the flutes

arrises

8.885 1.158 (1.158) 1.209 (1.209) 0.190 (0.190)
7.75 1.201 (1.196) 1.263 (1.253) 0.199 (0.197)
7.25 1.221 (1.213) 1.286 (1.273) 0.203 (0.200)
6.25 1.261 (1.246) 1.326 (1.312) 0.210 (0.205)
5.75 1.280 (1.263) 1.347 (1.331) 0.213 (0.208)
4.75 1.318 (1.297) 1.388 (1.370) 0.218 (0.214)
4.25 1.336 (1.313) 1.407 (1.389) 0.221 (0.217)
3.25 1.367 (1.347) 1.444 (1.428) 0.227 (0.223)
2.75 1.383 (1.364) 1.462 (1.448) 0.230 (0.226)
1.75 1.411 (1.397) 1.496 (1.487) 0.236 (0.232)
1.25 1.425 (1.414) 1.513 (1.506) 0.239 (0.235)
0.00 1.456 (1.456) 1555 (1.555) 0.242 (0.242)
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Fig. 6. Measuring the diameter of block 3 with the large callipers.

B. The Method of Taking Measurements and Drawing

Before starting the actual documentation of the column drums in 1994, large cal-
lipers with three arms were made by a blacksmith in Tripolis, Arcadia: the length
of the main arm is 1.7 m, and the two shorter arms are 1.0 m. The lengths of the
arms are freely adjustable and they can be tilted at any angle in order to fit closely
to the tapering sides of the drums (Fig. 6).*" Although slightly cumbersome, the
callipers proved very accurate and useful. It was possible to obtain the dimensions
more precisely than without the instrument, especially for the partially broken
blocks.

The documentation was carried out in the same order as the blocks are
listed in the preliminary catalogue of all the building blocks at the site. All column
drums preserving full height and both lower and upper diameters were taken un-
der closer study. Firstly, the lichen and moss that had gathered on the surfaces
since the blocks were excavated was carefully cleaned from places where it was
likely to hinder measurement taking or drawing. After cleaning, the diameter be-
tween the flutes was measured, and a large metal L-shaped square was used to
determine whether the measured surface was the bottom or the top. For lower sur-
faces the side of the square is tight to the edge of the drum, and further along the
distance between the side of the drum and the square increases. For upper surfaces

7 In the design and manufacture process of the instrument | was greatly assisted by T. Pfauth.
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the end of the square touches the side of the drum, and there is a gap at the edge
of the drum between the square and the block. On the basis of the diameter meas-
urement the appropriate zone sheet was selected. The best preserved arris or, in an
ideal case, two opposite well-preserved arrises were chosen; the base line was
then drawn across the surface, and the diameter between the arrises measured.
The flutes were also named: The flute to the right of the best preserved arris was
called 1A, the next 2A, and so on up to 10A. The flutes to the left were named
1B-10B. The originating arris was called 1A/1B, and the next to the right 1A/2A,
and to the left 1B/2B, etc.’® The names of the visible flutes were written on the
block with a marker. Next, additional diameter and height, as well as flute width,
measurements were taken and recorded on the zone sheet. The heights of individ-
ual column drums are measured along the outer edge: this is actually not the true
height of the column drum, but the difference is very small.® The positions of the
empolion cutting and the two dowel holes were first measured using the drawn
base line. A co-ordinate system for the drum surface was established so that the
origin was the 1A/1B arris and the base line the x axis. Points ‘above’ the base
line got positive y co-ordinates and ‘below’ negative.?’ The corner points of the
holes were plotted on the sheet and the schematic picture of the drum face com-
pleted. The orientation of the block was also recorded on the zone sheet. An ex-
ample of a finished zone sheet, that for block 454, is presented in Figure 7a.

Since completing the initial study of the drums, it has twice been suggested
to me that variation in column fluting could be used to find matching pairs. R.
Anderson, in the unpublished study of the Stoa of Attalos at Athens, has used a
method which he calls taking ‘column fingerprints’: it involves drawing the cur-
rent state of every flute close to both the top and the bottom of the drum with a
profile gate. Differences in flute sections (width, depth, and irregularities in the
carving) can then be used to search for matching drums. In the spring of 1998, M.
Korres suggested a slightly simpler method, only involving measurement of the
flute widths of the drums with a special instrument. Such an instrument has been
used in the restoration project of the Parthenon and it also allows the broken flutes
to be measured accurately.?* The author has adapted this instrument to suit the
fluting of the Tegea temple, and it was used to measure the flute widths in the
summer of 1998 (Fig. 7b).

18 See Fig. 5 for the zone sheet.

19 E.g. the measured height of block number 454 is 1.367-1.369 m, lower diameter between the
flutes 1.265-1.270 m, and the upper 1.211-1.213 m. If the averages are used to calculate the true

height, we get \/1.3682—[(1268—1212)/2]2 ~1368 m. In this case there is no difference at all. On the

effect of the difference on the whole column height see pp. 50-51.

20 E.g. the co-ordinates for the empolion cutting corners of the block 454 bottom surface are
(60,2), (69,6), (64,-8), and (74,-4). See Fig. 7 for the zone sheet of the drum.

Cf. Korres et al. 1989, 20, 59 n. 24 and Fig. 3.
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Fig. 7a. The zone sheet for block 454. Scale not the same as in the original.
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Fig. 7b. Measuring the flute width of block 9 with a special instrument.

2. Identifying the Drums Numbered by Dugas and
Clemmensen

The documentation confirmed that each column was made of six drums. Dugas
and Clemmensen named the drum levels alphabetically from A to F, the lowest
being A;# the convention is followed in this study. All C, D, E, and F drums have
a unique height, so identifying them on the basis of Clemmensen’s published
measurements was very easy. The problematic drums were those from A and B
levels whose height is almost constant, and the partially preserved drums recorded
by Clemmensen—the latter because a large number of fragmentary drums had
been omitted in the initial study as of secondary importance.

In order to determine whether it was possible to discover Clemmensen and
Dugas’ pattern for numbering the blocks, all the identified drums were plotted on
a site plan. The pattern of numbering became evident: it started from the east
ramp and continued clockwise over the foundations; the next blocks are in the
area to the east of the foundations, and from there on the numbering of the drums
continues clockwise around the foundations and concludes with the drums in the
north-east corner of the site.

The A and B drums were then added to the plan; the missing fragmentary

22 Dugas et al. 1924, 131-133.
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drums were sought in the appropriate regions of the sanctuary and identified by
taking preliminary measurements. These drums also were later documented on the
appropriate zone sheets. Only for Clemmensen’s drum number 49—a C drum—
was it impossible to find a match in the region south-west of the temple where,
according to its number, it should have been. Drum 31 is most probably block
182.% Figure 8 presents a plan showing the location of all the drums and drum
fragments; the column drums identified with Clemmensen’s drums are labelled
with both the block number and Clemmensen’s number prefixed by D.

With the identification of the blocks numbered previously it became possi-
ble to compare the new measurements with those taken by Clemmensen. His
measurements were discovered to be generally accurate: they usually fall within
the error margins established by the new measurements.?* Furthermore, for the
drums which are currently impossible to measure, it became possible to substitute
Clemmensen’s values for the missing dimensions.

Clemmensen’s list of drums does not include all the well-preserved drums
at the site: blocks 497, 498, 506, 529, 533, 561, and 809 are missing. Only one of
these, block 809, has been discovered during the new excavations, the others are
to the west of the temple in an area excavated before Dugas and Clemmensen.? It
is certain that Clemmensen numbered these drums also, since, in this region, his
numbering is from 46 to 70, and only seven of these have been identified (Fig.
8).% No secure reason for the omission of complete drums from Clemmensen’s
list can be given at present.?’

3. Drum Features

As mentioned previously, the height of the drums in the first two levels (A and B)
is almost constant, but from third to sixth level (from C to F) there is considerable
variation. Taking the error margins of the measurements into consideration, the
drum heights are as follows: level A, 1.46-1.48 m; level B, 1.46-1.49 m. Level C,
1.32-1.67 m; level D, 1.41-1.71 m; level E, 1.34-1.66 m; level F, 1.32-1.64 m.”®
The measured lower diameters of the bottom drums between the centres of
opposite flutes vary between 1.453 and 1.460 m,?® and the maximum measured

2% On the block, see p. 26 and App. A, pp. A8, A26-27.

2% See App. A, Tables A1-A3 and p. A8. Eight blocks were rechecked after the initial identifica-
tion and in three cases the discrepancies were explained by errors in the new measurements.

2% Dugas et al. 1924, X-XI, pls. 1-2.

%% In the region there are 44 complete drums and fragments (blocks 452-563 in Fig. 8); 19 of
these were left unnumbered by Clemmensen, probably because of their small size.

2T There are two possible reasons: there was insufficient time to measure all the blocks, or perhaps
it was thought that those already measured were adequate for reconstructing the colonnade.

28 App. A, Table A3.
2% With the error margins the range is 1.449-1.462 m.
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diameter between the arrises is 1.535 m (block 8), but the arrises are not intact.
From the two cases where the upper diameter between the arrises can be measured
fairly accurately, it is possible to calculate the lower diameter of the bottom drums
as ca. 1.54 m.*® Since the arrises are not perfectly preserved, a slightly larger di-
mension of ca. 1.55 m should perhaps be preferred.®* The best preserved flute
widths at the bottom of the drums are 0.240-0.242 m (the value calculated from
the diameter is 0.242 m). Dugas and Clemmensen’s observation that on the bot-
tom drums the arris is not sharp but has a 3 mm wide flat fillet** could not be veri-
fied, because none of the bottom drums have sufficiently well-preserved arrises.

The upper diameter of the column shaft between the flutes can be meas-
ured on five top drums, and the corresponding diameter could also be measured
for three capitals. The measurement range for the drums is 1.151-1.158 m, and for
the capitals 1.148-1.160 m.*® Block 544, a column drum, has a pair of opposite
arrises intact, and the upper diameter is 1.209 m. For the three capitals the meas-
urement range is 1.196-1.209 m. Clemmensen measured the capital block 562 to
have a variation of 1.209-1.213 m in the diameter between the arrises (Fig. 14 on
p. 37). Thus, the established measurement range for the upper diameter of the col-
umn shaft between the arrises is quite large, 1.196-1.213 m. The best preserved
flute widths vary between 0.189-0.193 m on the drums and between 0.188-0.191
m on the capitals (the theoretical range calculated from the diameters is 0.187-
0.190 m). The flutes at the top of the shaft are proportionally shallower than those
at the bottom.

The quality of the workmanship of the drum fluting is remarkable: very of-
ten the greatest differences in the width of the flutes is not more than 2 mm be-
tween the narrowest and widest flute.*> The largest measured flute width variation
in a single block is 3 mm.*®

It has been suggested by W.B. Dinsmoor, and more recently by H. Bankel,
that the temple had enlarged corner columns.®” It has not proved possible, how-
ever, to identify any trace of thickened angle columns in the drums,® and the

%0 The lower diameter between the arrises is calculated by solving the following equation for x:

x / Diamya = Diam,_ / Diamy . The blocks used in the calculation are 51 and 93—the lower diame-
ter of block 93 is impossible to measure, so the average value of 1.457 m has been used.

3 Dugas’ and Clemmensen’s suggestion for the lower diameter between the arrises is 1.555 m,

but when the dimension is calculated from Clemmensen’s measurements using the same equation
as in n. 30 above, the result is ca. 1.545 m (drums 71 and 72, Dugas et al. 1924, 131).

32 Dugas et al. 1924, 18, pls. 34 B and 37 C.
33 For capital measurements, see App. B.
3 See p. 73, Table 13, columns C and D.
3 E.g. blocks 7 and 9 which are possible to measure all around the perimeter; see App. A, p. All.
% In blocks 506, 542, 563, and 514 (the first three are column drums and the last one a capital);
see App. A, pp. A35, A39-41, and App. B, p. B5.

Dinsmoor 1950, 339 even gives the lower diameter of the corner column as ca. 1.575 m; Bankel
1984, 413 n. 3.
%8 Since the heights of the A and B drums are approximately the same, the diameter measurements
of these drums can be used to identify any enlarged corner columns: the measurements of the
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capital block 562 (Fig. 12) mentioned above verifies this: it is a corner capital™
and the maximum diameter between the flutes, 1.160 m, is only 2 mm greater than
the maximum value established on the basis of drum measurements.

The anathyrosis rim—the smooth contact band—on the drum surfaces is
0.10-0.17 m wide measured from the bottom of the flute. The drums were joined
together by a wooden empolion at the centre and two iron dowels; the lowest
drum and the stylobate block were similarly joined together, but the highest drum
and the capital were connected with just an empolion. The sides of the square cut-
tings for empolia are ca. 0.10-0.12 m wide and they are ca. 0.10 m deep. The
dowel holes measure ca. 0.02 x 0.08-0.10 m, and their depth is ca. 0.04-0.05 m.
Block 9 still has one of its top surface dowels in place, but the drum is presently
upside down; the dowel is visible nevertheless, due to a small rock tilting the
drum slightly. Some of the drums have a stepped dowel hole profile: in all cases
they are on the upper surface.*

A. The Lowest Drums

As Clemmensen had previously shown, the height of the bottom drums varies
when measured on different sides of the drum: in the new measurements a gradual
and consistent change was found, but in only two cases was it possible to take
measurements almost completely around the drum. The following ranges of
height measurements were recorded: block 47, 1.469-1.475 m; and block 48,
1.468-1.478 m. In three other cases it was possible to take measurements over
approximately half of the drum: block 21, 1.464-1.473 m; block 51, 1.472-1.476
m; and block 564, 1.470-1.474 m.*" Of the two remaining A drums, block 8 has
the upper anathyrosis rim broken making the measurements unreliable, and for
block 93 it was only possible to take measurements over four adjacent flutes. In
each case the established ranges fit those established by Clemmensen, except in
one significant case: Clemmensen’s drum number 10 is reported to have a con-
stant height of 1.471-1.473 m, but it is the same drum as block 47 which clearly
shows rather more height variation (see above).

Dugas and Clemmensen suggested that the variation on opposite sides of a
drum was introduced in order to incline the columns toward the interior of the

seven A drums and eleven B drums show no enlargement (the values are smoothly distributed over
the range of measurements, no single substantially greater dimension can be observed). The top
diameters of the six F drums are similarly distributed.

%9 This is shown by two details on the block: firstly, the 9 cm wide band indicating the position of
the architrave blocks at the edge of the abacus goes around the corner, and secondly, the two
dowel holes are not parallel but perpendicular.

0 Blocks 115, 454, 492, and 506: a shallow ledge 0.02-0.03 m long and 0.01-0.015 m deep is
always closer to the empolion; otherwise the dimensions of the dowel holes are normal; see Fig. 7
(zone sheet of block 454) top right corner for a sketch of the dowel hole profile. | have not found
any comparative material.

4 App. A, Table A2.
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building.** A closer study of block 48 presently positioned on the preserved part
of the euthynteria on the southern flank of the building suggests a different pur-
pose for the height variation of the bottom drums. There is a convex curve in the
foundations of the building, so that if, as is reasonable to suppose,*® the same cur-
vature was used at stylobate level, the columns would have been standing on an
approximately dome-shaped stylobate.** Since block 48 lies on an euthynteria
slab ca. 2 m to the west of the centre of the southern flank, the slab should be al-
most level along the long side of the temple (the east-west direction) and slightly
rising towards the cella wall. This hypothesis was verified with a levelling instru-
ment. Next the top surface of the drum was checked: it was found to be level on
both east-west and north-south axes.* When the height of the block was meas-
ured, the highest measurements were taken on the south-west to south side of the
drum, and the lowest on the northern side of the block. Three flutes at the north-
east could not be measured due to breakage of the drum. The height measure-
ments agree with the results from the levelling instrument, and show that the
euthynteria slab rises from the edge of the foundations toward the cella. But, more
importantly, the height variation of the drum is only enough to cancel the curva-
ture of the foundations, and since the curvature at the stylobate level was probably
more or less the same as that of the foundation,* the columns must have been
standing vertical instead of being inclined toward the centre.*’

This conclusion is supported by the calculated angles of horizontal curva-
ture and column drums. The greatest angles of foundation curvature are found in
the corners of the temple: in the south-west corner the angle between the west end
foundations and the horizontal is 0.6° and between the south flank and the hori-
zontal 0.5°.* The calculated column drum angles range from 0.2° to 0.4°, thus

supporting the hypothesis that the height variation of the bottom drums could not

42 Dugas et al. 1924, 19.

*3 See n. 46 below.

** On horizontal curvature of the foundations, see pp. 42-43.

®tis probably no accident that the drum is placed like this; it was most probably raised on the
euthynteria slab during Mendel’s excavations and placed as it is. See e.g. Rhomaios 1909, pl. 5.1
where the block is already shown standing in its present position.

% I the curvature was to be less pronounced at the stylobate, there is no reason for the trouble of
introducing curvature into the foundations, and if it was more pronounced, then the shafts would
have inclined outward. This conclusion is also supported by the fact that the certainly identifiable
blocks of the krepidoma have fairly constant height: first step, 0.340-0.347 m (9 blocks); second
step, 0.358-0.366 m (15 blocks); stylobate, 0.375-0.380 m (10 blocks).

"' 0n the general procedure of erecting columns and on how the refinements were executed, see
Bundgaard 1957, 133-140 and especially Korres 1993b, text corresponding to figs. 27-28. Bund-
gaard’s ‘down to earth’ approach can now be supplemented by Korres’ proof for the use of sur-
face plates to grind the drum surfaces to have a perfect match; see Korres 1993a, 107-1009.

*8 These small angles cannot be measured directly; the given angles are calculated from theodolite
measurements, see nn. 8 and 9 on p. 43.
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have been used to incline the columns inward.*

B. The Top Drums

Height variation in the top drums was also documented, but in only a single case
was it possible to take measurements almost completely around the circumference
of the block: the measured range for block 22 is 1.318-1.323 m. Again, it is a
drum reported by Clemmensen to have a constant height (drum 29, 1.322-1.324
m). Clemmensen’s second F drum with constant height (number 31) is most
probably block 182: the height difference of 98 mm between the new measure-
ment and the published figure can then be explained by a printing error of 10 cm
in the 1924 publication. In the new measurements the block was discovered to
have a constant height of 1.477-1.479 m over 11 flutes. In addition, the two other
blocks where it was possible to take measurements over part of the circumference
gave the following results: block 542, 1.497-1.504 m (over seven flutes); and
block 544, 1.480-1.487 m (over 10 flutes). The others are not presently accessible
for verification of Clemmensen’s measurements, but according to him they all—
blocks 77 (Clemmensen number 75), 89 (82), and 507 (53)—have a height varia-
tion of 9 mm.

Dugas and Clemmensen gave a clear explanation for the varying height of
the top drums: they were used to tilt back the inclination of the column shaft, so
that the abacus top surface of the capitals would be horizontal.>® But since it has
been demonstrated above that the columns were standing vertical, another expla-

*9 For inward inclination the angles should be greater than the angles of horizontal curvature. The
angle between the bottom of the drum and the horizontal is calculated as following: the bottom
diameter is the hypotenuse (h) and the greatest difference in height measurements (a) is taken as
the length of the opposite side of the triangle, and then a is solved from the equation sina=a/h.
E.g. the angle of block 47 is ca. 0.2° and of block 48 it is ca. 0.4°,

Geographically and chronologically similar cases do exist: vertical peristyle columns can also
be found in the temple of Apollo at Bassai (end of 5th cent. BC; see Cooper 1996, 184) and the
tholos at Epidauros (mid 4th cent. BC; see Pakkanen 1996b, 152f.). G. Roux (1961, 138 and 184)
suggests that structurally the temple of Athena Alea and the tholos are so similar, that the same
workers could have worked on the Tegea temple and the first phase of the tholos. Tegean work-
men are actually recorded in the tholos building accounts (IG 1V.1 103B lines 51-54; see also
Burford 1969, 66). Cooper and Smith report inward inclination at Nemea (1983, 76), but this is
not beyond doubt: a lower drum height variation of 0.013 m is given, and when the angle is calcu-
lated as above (bottom diameter 1.524 m from fig. 44) the result, 0.5° is only slightly larger than
at Tegea. The authors claim that they have taken into consideration the curve of the stylobate, but
certainly their figure for the total inward tilt of the column, 0.081 m, has been calculated only
from the height variation of the bottom drum, with the stylobate curvature being disregarded.
Cooper has also written an article on some of the refinements found at Nemea, but does not dis-
cuss column inclination; see Cooper 1988. At Nemea there is also a standing peristyle column, and
the original publication states that “The possibility of a designed inclination of the columns seems
to be excluded.” Hill 1966, 9.

50 Dugas et al. 1924, 19 and pls. 21-26.
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nation for the height difference must be sought. The only possible solution is that
the top drums were adjusted in this way so that the abacus tops would not be hori-
zontal: the curvature of the foundations and krepidoma was in this manner trans-
ferred into the entablature of the building.”* The reason for block 182 having a
fairly constant height is that it is most probably from the centre of the colonnade
where very little or no adjustment is needed. The range of the angles calculated
from the height variation is from 0.1° (block 182) to 0.4° (blocks 77, 89, and 507).

C. Are All the E and F Drums from the Peristyle?

The lower diameters of the pronaos and opisthodomos columns are not known,
but an upper diameter can be measured from a pronaos capital (0.998 m between
the flutes, 1.052 m between the arrises).”> The taper of the column shaft was
probably approximately the same as in the exterior column,® so that a rough es-
timate can be obtained by solving the following equations for x (lower diameter of
the porch column between the flutes) and y (lower diameter of the porch column
between the arrises):**
X Diam , Porch 3 y Diam , Porch

Diam - Diam Diam 5 Diam
The result is that x is ca. 1.25-1.27 m and y ca. 1.34-1.36 m.

The provenance of the F drums is clear: even though on the basis of their
lower diameters between the flutes (1.20-1.22 m) they could be from the porch
orders, they all have only the empolion cutting and no dowels connecting them to
a capital. Therefore, they are all from the exterior order.

Determining the original position of the E drums is more difficult. Ac-
cording to their lower diameters between the flutes (1.26-1.28 m) they could well
be the lowest drums of the porch columns, but because the columns had entasis,
the provenance of the E drums can be resolved: due to curving shaft profile, the
taper of the bottom porch columns is less than the taper of the exterior order E
drums.” The tapers of the preserved E drums are fairly uniform (range 3.7-

* There is ample evidence for horizontal curvature in the architrave and frieze; see pp. 42-47 and
esp. Fig. 18 for exaggerated distortions of the west colonnade at Tegea.
%2 Dygas et al. 1924, pl. 57.

>3 E.g. at Nemea the proportions of the top and the bottom diameters between the arrises are ap-
proximately the same for the peristyle order (0.80) and the pronaos order (0.79), even though the
pronaos columns are more slender (the height is 6.8 times the lower diameter) than the peristyle
columns (the height is 6.3 times the lower diameter). For the values used in the calculations, see
Hill 1966, 9 and 22.

> Eor abbreviations see p. iii. Diam_ = 1.453-1.460 m; Diamy = 1.148-1.158 m; Diam_, = ca.
1.55 m; Diamya = 1.196-1.213 m (for the values, see pp. 22-23).

> Cf. Korres et al. 1989, 15-16 and diagram 4.



28 The Temple of Athena Alea at Tegea

4.1%)°°, and the taper of the complete porch shaft can be estimated as 3.1-
3.5%.°" The range also defines the taper of each drum in the unlikely situation
that the porch columns did not have entasis. Therefore, it is virtually certain that
the taper of the bottom porch drums was less than the range determined above.
Since the preserved E drums have a taper of more than 3.5%, we may safely con-
clude that they all were originally placed in the peristyle columns.

This conclusion is also supported by the different depths of porch and
peristyle fluting: for example, in block 527, an opisthodomos drum, the depth of
the fluting is 34 mm, whereas in the exterior order, for a drum with the same flute
width, the depth is only ca. 26-27 mm. The difference in the depth of the porch
and exterior column fluting is actually large enough for visually distinguishing the
two orders without measurements.

4. Arris Repairs

On two drums there are traces of ancient repairs of broken arrises: block 7 has a
large rectangular cut on the south-east side, and the recently excavated block 809
has had two damaged arrises. Interestingly, one of the fixed arrises of the latter
block still retains most of the marble repair pieces in place. Figure 9 shows the
present state of the arris, and Figure 10 a reconstruction of the repair procedure:
the broken part of the arris was cut into a rectangular shape probably with a ledge
at each end.”® Then three pieces of marble were made for the repair: two with a
cutting at one end corresponding to the ledges in the rectangular cut. The left side
of each of these two pieces is 3 mm longer than the right side, and the third,
smaller, piece is shaped almost like a wedge (Fig. 10). The large pieces were in-
serted into the cutting, and the third was used to lock them into place. Finally, the
repair pieces were cut down to the level of the fluting. Apparently no small dow-
els or lead were used to fasten the pieces together. The quality of workmanship is
displayed by the fact that, even though the top part is now mostly missing, the two
lower pieces remain tightly in their original places.

The second repair on block 809 and that on block 7 are larger repairs close
to the end surfaces of the drums. The repair cutting on block 809 is mostly broken

% Calculated using the formula 100% x (Diam,_ — Diamy) / DrH and the data for E drums in Table
A3.

> The height of the porch column is not certain, but the shortest suggestion is by Dugas and
Clemmensen (8.176 m; Dugas et al. 1924, pls. 12-14) and the tallest by Norman (8.471 m; Nor-
man 1984, 173). Taking into account the new peristyle column height of 9.544-9.580 m (see pp.
59-62), we get a height range of ca. 7.74-8.07 m for the porch shaft: 8.176 m + [9.544 m — 9.474
m] —0.509 m (capital height; Dugas et al. 1924, pl. 57) = 7.737 m and 8.471 m + [9.580 m — 9.474
m] = 8.068 m. The lower limit for the taper of the complete pronaos shaft can be calculated as
100% x (1.25 m — 0.998 m) / 8.068 m ~ 3.12% and the upper as 100% x (1.27 m — 0.998 m) /
7.737 m =~ 3.52% (for the pronaos shaft diameters, see p. 27).

58 Only the top ledge is now visible, the lower only probable.
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Fig. 9. Arris repair on block 809.

away with the edge of the bottom surface; the remaining part is 0.077 m wide and
0.067 m deep from the arris. The cutting on block 7 starts ca. 0.60 from the top of
the drum, and has a width of 0.17 m and a depth of ca. 0.12 m from the arris. In
this case the cutting itself tapers so that 0.28 m from the top surface it is only
0.145 m wide.*® The rest of the repair cutting is broken.

¥ A tapering arris repair is recorded from the 6th cent. temple in the sanctuary of Athena Pronaia
at Delphi: in this case the repair extends over two drums; see Demangel 1923, 21 and fig. 28. A
triangular repair piece was used to mend the bottom of a flute in the temple of the Athenians on
Delos, but there the widest part of the triangle is level with the bottom surface and the tip of the
triangle is on the arris between the two flutes. The repair piece is held in place by a small clamp;
see Vallois 1978, 507 n. 2 and Courby 1931, 198.
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386

Fig. 10. Reconstruction of a largely preserved arris repair. Outer surfaces of the repair pieces hy-
pothetical (finished when in place). Dimensions in millimetres.



[11. Capitals

Ten capitals and seven fragments of the exterior order have been preserved in the
sanctuary.® The locations of these blocks and the preserved pronaos capital are
shown in Figure 11; descriptions, measurements, and co-ordinates of individual
blocks are given in Appendix B.

The anathyrosis band of the bottom of the capital has a relieving edge, 3-4
mm high and recessed 20-31 mm from the flute (Fig. 12). The capital has four
annulets, and the capital flutes meet the bottom ring. The profile of the capital fol-
lows the fourth-century trend: the sides of the echinus are almost straight and the
groove marking the junction of the echinus and the abacus is not pronounced. In
all cases where measurement was possible, the abacus face was found to be verti-
cal, not inclined as shown in Clemmensen’s drawing of the capital profile.? The
top of the abacus has bands at the edges marking the position of the architrave
blocks, and this, together with the information given by the dowel holes and pry
marks, makes it easy to determine the orientation of the block (Figs. 13 and 14).

1 The number is given as thirteen in Dugas et al. 1924, 20, but most probably some of the blocks

listed here as fragments are included in that figure. One capital is located in the courtyard of a
small chapel ca. 1 km south-east of the sanctuary (south of the main road from Alea to Stadio, ca.
500 m to the east of Alea). The abacus edges have been cut and the top hollowed to serve as a
basin, but the flutes are still visible; their width of 0.19 m makes the identification of the block
certain.

2 Dugas et al. 1924, pl. 37.
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Fig. 11. Plan of capitals and capital fragments with block numbers.
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Fig. 12. Capital profile, block 562. Scale 1:2. Dimensions in millimetres.

Table 3. Capital measurements at Tegea.
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Average No. of meas. Range
Total height 0.596 10 0.588-0.609
Abacus height 0.246 6 0.243-0.251
Echinus height 0.161 8 0.158-0.167
Annulet height 0.047 8 0.044-0.050
Trachelion height® 0.138 8 0.136-0.140
Abacus width 3 1.609-1.610 x 1.615-1.616"
Maximum diameter of echinus 1.596 5 1.588-1.604
Lower diameter of echinus 1.304 5 1.288-1.313
Lower diameter of annulets 1.248 5 1.234-1.255
Diameter between the arrises 1.206 3 1.196-1.213
Diameter between the flutes 1.157 5 1.148-1.165
Flute width 0.189 47 0.187-0.191

Table 4. Capital proportions at Tegea.

Block number A B. C. D. E. F.
28 0.414
133 0.499 0.407 0.280  0.687
276 0.492
501 0.366 0.488 0.419 0273 0652 0.7509°
516 0.422 0.269 0.636
520 0.417 0.274  0.657
539 0.377 0.399 0.263  0.658
562 0.365 0.486 0.420 0.268 0.637 0.7506
A. Capital height : abacus width D. Echinus height : capital height
B. Capital height : diameter between the arrises  E. Echinus height : abacus height
C. Abacus height : capital height F. Diameter between the arrises : abacus width

In Table 3 a summary of the measured dimensions is given: it was not pos-
sible to take all measurements on all of the capitals, so in addition to the range of
measurements and their average, the number of measurements is given. The range
of the total height measurements is quite large, 0.588-0.609 m. Likewise, all the
individual elements of the capital have slight variation in their dimensions. But
surprisingly, perhaps, the variation is not proportional: Table 4 presents some of
the main proportions of the individual capitals, and, for example, the variation in
column C shows that the capitals do not have proportionally equally high abaci.
Another good example is block 133 which has a low abacus (column C) and a

% Includes the height of the relieving edge at the bottom of the capital; see e.g. Fig. 12.

* The three measurable abaci all have the same dimensions, but one of them is from the corner of
the building (562), one has the longer abacus side outward (501), and one the short side outward
(539). On determining the orientation of the capital, see also n. 39 on p. 24.

> The reason for the varying number of significant figures in the data of Tables 4 and 5 is due to
the number of significant figures in the numerator and denominator of the proportion: e.g., in Ta-
ble 4, columns A-E have three significant figures because at least one of the measurements used in
the proportion calculation has three significant figures; column F has four significant figures be-
cause both the numerator and denominator have four significant figures.
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Table 5. Capital proportions (from end of fifth to end of fourth century BC).

A B. C. D. E. F.
Bassai, t. of Apollo (type A) 0.434 0.576 0.382 0.322 0.843 0.754
Bassali, t. of Apollo (type B) 0.453 0.593 0.382 0.322 0.843 0.763
Bassali, t. of Apollo (type C) 0.427 0.557 0.379 0.305 0.805 0.768
Argive Heraion, 2nd t. of Hera 0.41  0.55-56 0.40-42 0.30 0.72-74 0.74

Delphi, tholos 0.395 0.526 0.402 0.275 0.68 0.751
Epidauros, t. of Asklepios 0.375 0.502 0.401 0.273 0.68 0.747
Delphi, 4th cent. t. Apollo 0.380 0.524 0.43 0.24 0.56 0.7246
Delphi, 4th cent. t. Athena 0.374 0.499 0.395 0.262 0.66 0.7497
Epidauros, tholos 037 049-51 042 0.28 0.660 0.74-75
Tegea, t. of Athena Alea 0.365-77 0.486-99 0.399-422 0.263-80 0.636-87 0.7506-9
Megalopolis, Thersilion 0.367 0.48 0.42 0.26 0.63 0.76
Nemea, t. of Zeus 0.355 0.477 0.401 0.266 0.664 0.743
Stratos, t. of Zeus 0.371 0.505 0.400 0.269 0.673 0.735
Olympia, Metroon 0.388 0.53 0.406 0.278 0.69 0.73

A. Capital height : abacus width D. Echinus height : capital height

B. Capital height : diameter between the arrises  E. Echinus height : abacus height

C. Abacus height : capital height F. Diameter between the arrises : abacus width

For dimensions (and their sources) used to calculate the proportions in Table 5, see Appendix D.

high echinus (column D), thus creating an echinus—abacus proportion signifi-
cantly larger than those of the other capitals (column E).

Visually the differences are insignificant: all the capital profiles can imme-
diately be recognised as coming from the same building. However, when the pro-
portions of capitals at Tegea are compared with the proportions of the fourth-
century buildings listed in Table 5, especially on the basis of total height, abacus
and echinus height proportions, the individual capitals at Tegea could be placed
almost anywhere on the list. This shows not only that the variation in capital pro-
portions at Tegea is significant, but also that no general trends can be seen in the
‘development’ of capital proportions during the fourth century. These observa-
tions should be compared with the conclusions reached by J. J. Coulton in his
analysis on the proportions of Doric capitals: He suggests that proportional rules
were used to design the capitals, and that when a change occurs it does so in dis-
crete steps and not as a continuous evolution. The proportions of the fourth-
century capitals were discovered to be coherent and distinct, thus implying that
they were probably designed by application of the same set of rules. Evidently,
the capital proportions cannot be used as evidence for dating a single capital
within the group to which it belongs.®

In the light of the peristyle capitals at Tegea, Coulton’s observation that
the homogeneity of the fourth-century capitals is a result of the use of propor-
tional

® Coulton 1979, 82-103.
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Fig. 13. Peristyle capital, block 501. (M. Clemmensen, Dugas et al. 1924, pl. 35.)
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Fig. 14. Peristyle capital, block 562. (M. Clemmensen, Dugas et al. 1924, pl. 36.)
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rules is very probably correct. The capitals of the temple of Athena Alea were
probably made on the basis of one design,’ and the variation in their proportions
could be produced either purposely or by inaccurate copying of this design.® The
masons at Tegea were extremely skilled, as is shown for example by the elabo-
rately decorated mouldings inside the cella,” and, therefore, it is clear that the
capitals did not have to be millimetre exact copies of each other. The range of
both abacus and echinus height differences is less than a centimetre: the smallest
abacus height value, 0.243 m, is only 3% smaller than the greatest value of 0.251
m; the corresponding echinus heights are 0.158 and 0.167 m, the former being 6%

] echinus height
smaller than the latter. The range of the proportion ——— is 0.636-0.687,
abacus height

and the proportional difference, 8%, is now greater than the individual differ-
ences, mainly due to block 133 which has a low abacus and a high echinus. Here
we have a case where the capital measurements can be taken to three significant
figures, but variation in the dimensions makes the second decimal place of the
proportion range (0.636—0.687) non-significant. Generally, the third decimals in
the capital proportions at Tegea should simply be ignored. The normal procedure
of dating the capitals on the basis of proportional analysis requires the use of at
least two and often three significant figures to elucidate the differences between
the build-

! Usually a full scale specimen, a paradeigma, was made and the capitals then copied from this;
Coulton 1977, 55-57, 104-108.

8 In the temple of Apollo at Bassai the differences in the peristyle capital proportions were obvi-
ously intentional: “The several permutations of heights and diameters suggest a conscious and
sequential alteration of elements as the capitals pass in transition from one size to the next.” Coo-
per 1996, 233. One possible source for the proportional variation in the Tegea data could be errors
in the new measurements: great care was taken to reduce these to the minimum, by the use of ap-
propriate tools and by rechecking the measurements.

In Greek architecture, generally, some variation in dimensions seems, in many cases, to have
been preferred over *‘mathematical’ exactness. The Parthenon on the Athenian Acropolis provides
classic examples, such as the abacus width of the normal column capitals which varies by almost 6
cm (1.997-2.055 m; Balanos 1938, 38), and the variation in the length of the five architrave
blocks on top of the normal column bays of the east front of the Parthenon: they should all be of
equal length, but the difference between the shortest and longest block is 0.18 m. The bays vary
only by 0.01 m, thus causing the architrave joints to be significantly off the alignment of the col-
umns. (Balanos 1938, dépliant no. 10). J. A. Bundgaard suggests that the differences in block
lengths are explained by the reluctance of the masons to cut away more than was absolutely neces-
sary of the blocks coming from the quarry: the four largest blocks were probably used to the full
and only the shortest block cut down (Bundgaard 1957, 140f.). Quite often these examples have
been overlooked even in modern studies, and the precision of the workmanship—e.g. the jointing
of blocks is very accurate—is taken to apply to all of the building; on variation and accuracy, see
Coulton 1975, 89-98. The refinements—the slight intentional deviations from the vertical, hori-
zontal and rectilinear—used in Greek architecture are one aspect which suggests that variation
was sought after by the architect rather than just tolerated; on refinements, see p. 41, and e.g.
Coulton 1977, 108-113; Korres 1993b; Lawrence—Tomlinson 1996, 125-128.

® Dugas et al. 1924, pls. 64-65, 7475, and 77-80.
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ings.’® Thus, the measurements taken of the Tegea capitals also support Coulton’s
second conclusion: the use of architectural proportions to date buildings must be
reconsidered."*

The abaci of the three complete capitals that it was possible to measure—
blocks 501, 539, and 562—show no certain sign of having been prepared for hori-
zontal curvature: the abacus height measurements vary by 1-2 mm, but the top
surfaces are flat: no indications of angles to adjust the surfaces to the broken
curve formed by the architrave blocks were detected.*? But the adjustment of capi-
tal top surfaces cannot be ruled out: block 562 is from the corner, and if it was
adapted to horizontal curvature, it would have been necessary to fit it to the curv-
ing entablature of both the short and long sides of the temple.*® The original posi-
tion of blocks 501 and 539 is unknown: there is a clear cluster of six capitals to
the west of the temple, and, if they are from the back short side of the temple, all
capitals from that part of the building are preserved. The relative lack of capitals
to the north and south of the temple foundations could be explained by the nar-
rowness of the excavated trenches;' it is quite likely that there are more capitals
lying in the unexcavated parts of the sanctuary. Another possibility is that some of
the capitals presently in the western part have been moved there from the flanks
of the temple to be reused in some later structure. Blocks 501 and 539 could both
be from the middle of the colonnades where the required adaptation is less than
that closer to the corners of the temple—there is a parallel to the measured height
differences of 1-2 mm at Tegea in the Parthenon colonnade.’

One partially preserved capital, block 516, was probably adjusted for hori-
zontal curvature: on the east side of the capital the total height of the block is
0.592 m and the abacus height 0.250 m; on the south side the same dimensions are
0.595 and 0.246 m. Thus, even though the abacus height is slightly lower on the

10 5ee e.g. Michaud 1977, 37-39 and app. I1l; and more recently, Miles 1989, 160-162. Coulton
has avoided the danger of inaccurate data by the use of statistics over a large number capitals, so
that even if there are errors, they are less likely to lead to false conclusions. E.g. when the single
error | came across in checking Coulton’s figures is corrected, the proportion AbW : Diam, 4 for
the Metroon at Olympia is actually consistent the with rest of the proportions (table 17: the figure
for the proportion is 1.05, not 0.93684 as given; for the values used in the calculation, see App. D,
Table D1 and Adler et al. 1982, 37). To Coulton’s credit it can also be said that even though the
quoatients in the tables are given to five decimal places, he has not given any weight to the insig-
nificant digits; Coulton 1979, 82-103.

1 The difficulty of chronological schematisation of capital proportions has also been observed by
F. A. Cooper in connection with the Bassai temple; Cooper 1996, 233.

12 5ee Fig. 18 on p. 47 for a reconstruction of the Tegea west peristyle order with exaggerated
distortions and adjusted abaci.

13 Balanos’ illustrations of the Parthenon colonnade show no adjustment of the corner abaci;
Balanos 1938, dépliants 10-11.

14 See the plan in Fig. 11 on p. 32.

13 |n the centre of the colonnades Balanos recorded the same abacus height variation, 1-2 mm, as
in the new measurements at Tegea. The maximum height difference measured by Balanos in a
single capital is 7 mm; Balanos 1938, dépliants 2, 10, 11.
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south face, the total height there is greater than on the east side of the block. Un-
fortunately, the block is only half preserved and lying upside down, so it is not
possible to reach any definite conclusions. For these we must study the evidence
of horizontal curvature in the foundations and the entablature.



V. Horizontal curvature

Among modern scholars there is no general agreement as to the purpose of hori-
zontal curvature in Greek architecture. Curvature of the stylobate is explained by
Vitruvius as an optical correction: if it was level, it would appear to be hollow in
the centre.® Even though modern empirical observation does not seem to support
the optical illusion theory,? some scholars accept Vitruvius® statement on the pur-
pose of refinements as the original intention of the Greek architects while others
reject this and regard the curving lines as intentional avoidance of straight lines.
The latter view is best expressed by J. J. Coulton: “they [the refinements] were
intended to save a temple from a mechanical, lifeless appearance, and to create a
slight and desirable tension between what the eye saw and what the mind recog-
nised as the underlying form.” Both of these views can be argued for,* and for the
stylobate curvature there is also the practical reason of shedding rain water.

1
2
3

Vitr. 3.4.5.

See e.g. Goodyear 1912, and Rankin 1986.

Coulton 1977, 109. The former view is held by e.g. Dinsmoor 1950 (1985), 165, and the latter
by e.g. Goodyear 1912, 102. Rankin goes further in the rejection of the optical correction theory

and regards the refinements as “visual reinforcement of the temple’s stability, its load-bearing and
its scale.” Rankin 1986, 40.

* Coulton gives the literary and archaeological support for the views: Coulton 1977, 109-110 and
175-176 ns. 24-31.
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Fig. 15. Horizontal curvature of the foundations on the south long side. Values on the x and z axes
are the x and z co-ordinates of the general co-ordinate system of the sanctuary. Solid line: new
measurements; dotted line: Clemmensen’s measurements. Scale on x axis 1:400 and on z axis 1:2.

1. Foundations

The curvature of the foundations of the temple of Athena Alea at Tegea had been
measured by M. Clemmensen and Ch. Dugas,” and this was rechecked in 1998
with a theodolite and an electronic distance meter. To minimise the effect of the
unevenness of the top surfaces of the conglomerate foundation blocks a piece of
hardboard of 600 x 500 x 4 mm was used; the measurements were taken at the
edge of the board as close as possible to the edge of the foundations. Only the
south long and west short side of the temple could be measured, as foundation
blocks on the north flank are largely missing, and the views to the edge of the east
front from the current fixed station points of the theodolite are mostly blocked by
column drums on the foundations. The measurements were taken from the origin
of the general co-ordinate system of the sanctuary.®

Figure 15 shows a plot of the new measurements compared with Clem-
mensen’s measurements on the south side from west to east. The measurements
do not exactly coincide,” and in general the curve in Clemmensen’s measurements
is slightly less pronounced than in the new ones. The foundation curve is quite
symmetrical: the east end is 6 mm lower than the west, and the mid part of the
foundations is 80 mm higher than the east corner. The angle between the start of

5
6

Dugas et al. 1924, fig. 1.

The co-ordinates of the origin station point are (0, 0, -0.366). The thickness of the hardboard
has been subtracted from the measurement data used in the following discussion.

" The general error margin of the EDM is 1 cm, but the error in the z co-ordinates for nearly hori-
zontal sightings is much less: even if the prism is not held completely motionless in the horizontal
plane, the height of the prism remains constant due to the supporting rod.
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Fig. 16. Horizontal curvature of the foundations on the west short side. The blocks of the north-
east corner foundations are partially missing. Values on the y and z axes are the y and z co-
ordinates of the general co-ordinate system of the sanctuary. Solid line: new measurements; dotted
line: Clemmensen’s measurements. Scale on y axis 1:400 and on z axis 1:2.

the curve and the horizontal at the south-east corner of the foundations is ca. 0.5°.2

Figure 16 shows the measurements taken along the west short side of the
temple: due to missing blocks on the north side (on the left in the figure) not all
the measurements could be taken. The maximum height difference is 54 mm and
the angle at the south-east corner is ca. 0.6°.°

The foundation curvature according to the new measurements is slightly
more pronounced than that according to Clemmensen’s. The solid lines in Figures
15 and 16 are not as smooth as Clemmensen’s broken curves, but this is mainly
due to the measurement of more data points in the new study. The horizontal cur-
vature of the foundations is systematic and clearly intentional, and, as previously
argued, the curvature at stylobate level was very probably approximately the same
as at foundation level."

8 The height difference between the corner and at 2.07 m to the east of the corner is 0.019 m: the
angle a is solved from tan a = 0.019/ 2.07.

® The height difference between the corner and at 2.25 m to the north of the corner is 0.023 m:
the angle a is again solved from tan a = 0.023 / 2.25.

10 gee pp. 25-26, esp. n. 46 on p. 25.
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2. Entablature

The existence of horizontal curvature in the entablature is crucial in determining
the height of the columns: if the columns were standing on a curving stylobate
and the architrave on top of the columns was straight, then the range of possible
column heights would be quite large. For a curving entablature, however, even if
the angles cannot be exactly determined, there is less height variation.

Of the 25 architrave blocks or fragments within the sanctuary, six have
preserved at least one corner where it is possible to measure the angle in order to
check whether it was adjusted for horizontal curvature. The statistics are similar
for the frieze blocks and fragments: of the 28 blocks six have an adequately pre-
served corner for the purposes of this study. These blocks are listed in Appendix
C and their locations in the sanctuary are shown in Figure 17.

The angle measurements of the corners were taken using a large metal
square: if the angle was not 90°, one arm of the square was held tightly against
one surface of the block and the distance between the other surface and the square
was measured.™ If the square fitted tightly to the edge of the block, then the angle
was determined to be less than 90°; angles greater than 90° caused space to be left
between the square and the stone at the corner of the block. For acute angles the
distance between the square and the block surface was measured as far away as
possible from the corner of the block (0.715-0.82 m). In measurements of obtuse
angles the tip of the shorter arm of the square touches the block surface at 0.47
m*? and the distance at the corner was measured by use of a long steel ruler set
tightly against the block surface. Calculation of the angle from these measure-
ments is more reliable than a direct angle measurement taken at the corner with a
goniometre because in this way the measurements can be taken over longer dis-
tances. All the measurements were taken by two persons.

All six of the measurable architrave blocks and three of the six frieze
blocks were discovered to be adjusted to horizontal curvature: the range of angles
is 89.7-90.8°."°* The most likely explanation for blocks having a corner cut into
an angle differing from 90° is that the vertical joints of the blocks were kept at
least almost vertical, but the bottom and top surfaces of the blocks were cut to
form the broken curve of the entablature. Frieze block 431 has a corner cut into a

1 gee photographs on p. C2 of App. C.
12 The length of the shorter arm is 0.500 m and the width 0.030 m (0.500 m — 0.030 m = 0.470 m).

13 See Appendix C. Even though it may appear that the angle measurements are calculated to three
significant figures from data with one significant figure, this is not the case: the calculated angle is
always a small acute angle (0.1-0.8°) which is then subtracted from or added to a right angle.
Clemmensen actually noticed the acute angle of block 159, an architrave fragment, and recorded it
in his drawing of Dugas et al. 1924, pl. 39A, but this observation is not discussed in the publica-
tion. Block 482, an inner architrave block, has a corner cut into a right angle, but it is most proba-
bly matching with block 503, an exterior architrave block, which has the bottom surface adjusted
to horizontal curvature.
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right angle: it is from the corner of the building, and as the architrave block 1, the
side of the block facing the facade and the top surface form a right angle (see Ap-
pendix C). The two other frieze blocks with 90° corners, 362 and 489, were possi-
bly from the middle of the entablature where no angle adjustment is necessarily
required.** Anyhow, the joint between two frieze blocks was not visible: it was
covered by the slight projection of the triglyph over the metope.*

On the basis of two architrave blocks (503 and 531)*, each with two pre-
served corners, it is possible to reconstruct the execution of the curvature of the
architrave at Tegea. Block 503 has both corners with right angles, but there is a
slight tilt in the bottom surface. The vertical side of block 531 forms an obtuse
angle with the bottom surface, and an acute angle with the top. Figure 18 presents
a reconstruction of the western colonnade with exaggerated horizontal curvature,
and in the figure both of these blocks are placed in their original positions: block
503 is the left end of the architrave block above the centre bay of the west facade
of the temple, and block 531 is the right end of the left corner architrave.’” As
block 503 demonstrates, besides cutting the top of the abacus to accommodate the
broken curve of the entablature (as in the Parthenon'®), it is also possible to
slightly adjust the bottom surface of the architrave.

The three top column drums in Figure 18 are placed in their respective
places in the figure on the basis of their present location west of the temple foun-
dations (see Fig. 8 on p. 21) and the measured height differences.

The adjustments of the bottom and top drums and the architrave blocks
suggest that the horizontal curvature of the foundations, krepidoma and entabla-
ture was approximately equal; it is very probable, therefore, that all the peristyle
columns were of equal height.

% For comparison, see Fig. 18.
13 Dugas et al. 1924, pls. 41-43.
16 The measurements of these crucial blocks were rechecked in the 1996 season.

17 The blocks are restored to their positions on the basis of the adjustments and their present posi-
tions in the sanctuary.

18 ¢, e.g. Lawrence—Tomlinson 1996, fig. 109.
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V. Column Height and Shaft Profile

1. The Dugas & Clemmensen Reconstruction of the
Column Height

As we have seen, the height of the drums in the first two levels (A and B) is al-
most constant, but from the third to sixth levels (from C to F) there is consider-
able variation.! Dugas describes their method for matching the column drums as
follows:

“Cette reconstruction graphique se fait de la fagon suivante: soit un tambour inférieur A,
de hauteur a, que I’on reconnait a son plus grande diametre a la face inférieure; on cons-
tate que, a la hauteur a de sa face supérieure, le diamétre n’est plus que a — x. Parmi les
tambours, I’on cherche celui dont le diamétre inférieur est égal & a — x, et on place ce
tambour, que nous appellerons B et qui est haut de b, au-dessus du tambour A. On peut
ainsi dessiner la colonne jusqu’a une hauteur de a + b. Le diamétre supérieur du tambour
B étant égal & a — x — y, on cherche ensuite le tambour C dont le diamétre inférieur aura
cette dimension; on dessinera ainsi la colonne jusqu’a la hauteur a + b + c, et ainsi de
suite jusqu’au tambour ayant le plus petit diametre, tambour dont le diamétre supérieur est
égal au diamétre infériuer du chapiteau.””

Dugas’ and Clemmensen’s algorithm for reconstructing the column height is per-

1 See p. 22.
2 Dugas et al. 1924, 19 n. 2.
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fectly reasonable, but Dugas’ certainty of the exactness of their result is quite sur-
prising,® especially in the light of the doubts expressed by Clemmensen only
slightly later.

Clemmensen’s doubts are based on a comparison of measurements of the
temples of Zeus at Nemea and Athena Alea at Tegea. He suggests that different
foot units were used at Nemea and at Tegea and presents a table of 14 dimensions:
the dimensions expressed in round numbers of ‘Nemea feet’ are equal to ‘Tegea
feet” in eight of the cases. The ninth possible match is the height of the peristyle
columns. The height at Tegea does not seem to fit the pattern and it can only be
expressed by using fractions of the “Tegea foot’. Clemmensen gives two possible
explanations: Firstly, there could be an error in the Tegea reconstruction. Instead
of 31%; feet the height could have been 33 feet as at Nemea. The missing 1%, feet
correspond to the height of one of the cella wall blocks. The height of the column
would in this case be 9.847 m instead of the originally reconstructed 9.474 m.
Secondly, he suggests that the column at Tegea could have been designed to be
lower than at Nemea and that perhaps some other height, such as the height of the
column and architrave together, was designed to be a round number of feet.’

Clemmensen’s argument is not very convincing,” but it is significant that
he himself, in the paper, doubts the published reconstruction of the temple. The
contradiction between this attitude and the emphasis of mathematical exactness in
the 1924 publication is striking, but Clemmensen gives no explanation for this.®

2. Determining the Height of the Column

The heights of individual column drums are measured along the outer edge; this
means that when one adds together the height measurements of the drums, the re-
sult is actually the length of the polygonal line which is approximately the same
as the length of the column shaft face with entasis (Fig. 19). If we take a hypo-
thetical

3 See p. 1 n. 2 for Dugas’ quote.

4 Clemmensen 1925, 11-12.

® In the worst case the proposed matching dimension expressed in feet and meters at Nemea is
almost a foot unit off the mark (length of the euthynteria), at Tegea there are three dimensions for
which Clemmensen did not even try to find a match, and the selection of dimensions presented in
the table on p. 11 is far from being exhaustive. Also, the presented foot units for Tegea and Nemea
are far from being certain: on the foot unit at Tegea and on the difficulty of determining foot units
used, see Bankel 1984, 413-430; Hill’s suggestion for the foot unit at Nemea 0.32565 m (Hill
1966, 9 n. 23) is significantly different from Clemmensen’s 0.312 m (Clemmensen 1925, 11). On
foot units and proportions, see also Coulton 1975, 85-89.

® There are several possible reasons—perhaps Clemmensen did not express his lack of conviction
when working with Dugas, or this issue was left out of the publication by Dugas, or perhaps
Clemmensen only later came to have second thoughts—but without further evidence, no certain
explanations can be given.
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Fig. 19. Polygonal, hypotenuse,
and true height of a column shaft.
polygonal height
—————— hypotenuse

s true height
Differences onx axis exaggerated.

example of a column shaft consisting of blocks 51, 529, 9, 415, 401, and 542, the
length of the polygonal line and the hypotenuse is 8.973 m, whereas the true
height is 8.972 m.” As we can see from this example, the polygonal height is only
a millimetre taller than the true height; this difference is insignificant because
even in a single drum the error margin of the height measurements is greater than
a millimetre. Therefore, the polygonal height, rather than the true height, is used
to determine the height of the column shaft. Likewise, when the height of a single

Polygonal line = 1.474 + 1.473 + 1.668 + 1.447 + 1.411 + 1.500 = 8.973 m (for the heights, see

7
App. A); true H = \5+\£+\E+\E+\/g+\/?z8.972m,where

a=1.474> - ((1.458 - 1.422) / 2)?, b = 1.473? — ((1.418 — 1.376) / 2)*,

¢ =1.668% - ((1.375-1.322) / 2), d = 1.447° — ((1.326 — 1.274) | 2)?,
e=1.411% - ((1.274 - 1.216) / 2) and f = 1.500% - ((1.220 — 1.154) / 2)*; hypotenuse =

J(true H)? + ((bottom diam.— top diam.) / 2)° = /897162 + (1458 — 1154) / 2)° ~8.973m
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A. Classical Statistical Confidence Interval of the Shaft Height

Using classical statistics to derive a shaft height range from the Tegea drum data
is fairly straightforward: the information needed in the calculation is the sample
size (number of preserved drums), the population size (original number of drums),
the sample mean (average height of the preserved drums), the sample standard
deviation, and the t-value from the appropriate statistical table. Substituting these
into the correct formula, we obtain a 95% confidence interval of 1.458-1.495 m
for the drum height. In other words, we can be 95% sure that the mean drum
height is between 1. 458 and 1. 495 m, and that the column shaft height is there-
fore between 8.749 and 8.967 m.®

Unfortunately, the matter is not this simple. There are two assumptions
which have to be met before classical confidence interval calculation can be used:
the sample must be random, and the original population must be normally distrib-
uted. Neither of these conditions are fulfilled at Tegea. The preserved drums do
not constitute a random sample because neither the choice of the excavated area
nor the process of column drum preservation at the site can be regarded as ran-
dom.® We do not know the height distribution of the original drums, but a height
histogram of the 60 preserved drums®® gives some indication (Fig. 20): the clear
peak in the middle is caused by A and B drums which are of uniform height, while
the other drums are fairly evenly distributed between the minimum and maximum
heights.™* We have no reason to expect that the original distribution of the drums
was much different, since the preserved drums account for 28% of the original
number.

Fortunately, in recent years a number of computer-intensive statistical ap-
proaches have been developed which are able to deal with non-random and non-
normal data. The following three sections show how it is possible to employ two
of these, namely bootstrap-t and Monte Carlo analysis, in connection with the
Tegea column drums.

8 The sample mean (X) is 1.4764 m, the t-value corresponding to n—-1 degrees of freedom and
two-sided y (=95%) probability level (t, n-1) 2.001, the sample standard deviation (s) 0.082748, the
sample size (n) 60, and the population size (N) 216. Substituting these into the formula

X+ (t, n1) s/\mw/(N —n)/N , we get the 95% confidence interval. For the t-value, see Neave

1981, 20, and for the sample size of 60, see n. 10 below. The finite population correction factor
can be used in the calculation because the original number of drums is known. On confidence in-
tervals, see e.g. Siegel—Morgan 1996, 321-330 and Shennan 1997, 77-83, and on finite popula-
tion correction factor, see Shennan 1997, 363-365.

® Cf. Shennan 1997, 61: “It is obvious that no archaeological sample can be considered a random
sample of what was once present.” See also Edginton 1995, 6-8.

191 addition to the 49 complete column drums (see p. 11), there are 11 drums which have the full
height preserved; the heights of these drums are underlined in App. A, pp. A9-42.

1 0n the slight skewness of the distribution, see p. 54, esp. n. 16.
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Fig. 20. Histogram of the height of the
preserved column drums. N = 60.
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B. Bootstrap-t Method for Constructing Confidence Interval

The basic principle behind the bootstrap method is that since there is no better
knowledge of the population (in this case, all the original temple column drums)
than the existing sample, this can be used as a guide to the population distribution.
Technically, this involves taking several random resamples of the sample with
replacement™? in order to approximate, in this case, a confidence interval for the
drum height. The bootstrap-t method was chosen because it does not assume that
the population would be normally distributed.*® The method also gives reasonably
accurate results even with small sample sizes, though it should not be used with-
out evaluating its performance; the validity of the bootstrap method is discussed
in the next section.™

Using the 5000 generated bootstrap values we obtain a 95% confidence in-
terval of 1.460-1.496 m for the drum mean height and of 8.758-8.977 m for the

12 After the drum has been selected it is returned to the sample; the probability of it being rese-
lected is the same as the probability of any other drum being selected.

3 on bootstrap methods, and esp. on the bootstrap-t method, see Efron 1981, 152-154, and Man-
ly 1997, 34, 56-59. The technique is called the bootstrap method because it “is supposed to be
analogous to someone pulling themselves out of mud with their bootstraps” (Manly 1997, 34). In
archaeological contexts, the bootstrap method has not been widely used (for an exception, see
Ringrose 1992).

“B. F . Manly (1997, 58-59) has compared the performance of different bootstrap methods
with the small sample size of 20; he emphasizes that “bootstrap methods should be tested out be-
fore they are relied upon for a new application”.
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shaft height.™ The bootstrap-t method defines a range slightly different from the
classical statistics range of 8.749-8.967 m: the most probable reason for the dif-
ference is the slight skewness of the original drum height distribution (see Fig.
20).'® The relatively good agreement between a randomisation method and classi-
cal statistics is not unexpected, since corresponding cases have often been ob-
served in statistical studies."’

C. Monte Carlo Method for Testing Bootstrap Confidence Intervals

Monte Carlo analysis™® can be used to test the validity of using the bootstrap-t
method for calculating the confidence interval for the mean drum height. A com-
puter model which can be used to simulate the temple colonnade at Tegea is re-
quired. It is possible to implement such a simulation model, as | have demon-
strated in a recent paper analysing the preserved drums of the temple of Zeus at
Labraunda, Asia Minor."

The computer model, written in C language, can be used to simulate the

™ The formula used to calculate the t-statistic was Tg=(Xg —X)/(sg W), where Xg and sgare

calculated from each bootstrap sample (for X and n, see n. 8 above). The minimum of the gener-
ated 5,000 tg values was —3.905 and the maximum 3.189; the values limiting 95% of the distribu-
tion were t,, = 1.846 and the maximum t;_,;, = —2.186. The confidence interval can be calculated

as
X =t (SIVNY(N = n)/N) < <X = tio (sIVNJ(N =n)/IN),

and we obtain the interval 1.460-1.496 m; since the t-statistic T, was calculated without using the

finite population correction factor it is justified to introduce it in the confidence interval calcula-
tions (on the factor, see n. 8 above). The random numbers used in the generation of the tg values
are produced with statistical program Survo’s rand(ns) function (1 < n, < 2°*) using INSEED and
OUTSEED specifications (the function has been implemented by S. Mustonen; the numbers are
generated according to a Combined Tausworthe generator presented by S. Tetsuoka and P.
L'Ecuyer, ACM Transactions on Modelling and Computer Simulation 1.2, 1991. The period length
of rand is about 10%). For the bootstrap-t formulae, see Manly 1997, 56-58, and for the program
used in the bootstrapping, see App. E, p. E1. The number of generated random values needed in
the analysis is discussed in Manly 1997, 80-84.

16 Skewness of the height distribution is 0.6465.

17 See e.g. Manly 1997, 16-17. E. S. Edginton (1995, 10-13) emphasises that even though classi-
cal statistics and randomisation often produce similar results, the differences show that the consid-
eration of the validity of the method used is also a practical issue.

18 The use of Monte Carlo methods in archaeology is not very common: P. Fisher et al. (1997,
584-585) give a list of archaeological studies which have employed Monte Carlo analysis, and
they regret that the method “is not even mentioned by many texts in archaeological statistics”; to
their list can be added a paper by B. F. J. Manly (1996), and that in the second edition of his text-
book, S. Shennan (1997, 64) discusses Monte Carlo testing briefly. On Monte Carlo methods in
general, see e.g. Manly 1997, 69-78.

19 See Pakkanen 1998; the computer programs used for simulation in the paper were originally
programmed for the purposes of the Tegea study, but the results of the Labraunda temple study
were first in print.
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process of first building the temple columns, then their partial destruction, and
finally the scholar’s attempt to reconstruct the shaft from the remaining drums.
The information input to the program is as follows: lower and upper diameter of
the shaft, range of the lower diameters, column height, the amount and height of
the maximum entasis, number of columns on front and flank, number of drums in
one column, minimum and maximum height of each course of drums, number of
preserved drums, and accuracy of taken measurements. The program uses this in-
formation to build up the column shafts, all of them randomly slightly different.
The selection of the “surviving’ drums is also random. The last phase of recon-
structing the possible shaft combinations is not used in the Monte Carlo analysis:
only the generated drum height data is used to determine whether the shaft height
given as a parameter to the program falls within the defined bootstrap intervals.*

Since the exact height of the column shaft is unknown, the bootstrap-t con-
fidence interval of 8.76-8.98 m was taken as the starting point of the simulations:
beginning with a shaft height of 8.76 m, the process of building the colonnade and
defining a bootstrap confidence interval for the mean shaft height was repeated 84
times for each height at two centimetre intervals, so that the total number of simu-
lations was 1,008.* The height ranges of each course of drums were given as fol-
lows: A drums, 1.46-1.48 m; B drums, 1.46-1.49 m; and C-F drums, 1.30-1.73
m.? The confidence interval was defined by randomly selecting 60 drums; based
on these drums the interval was calculated by producing 1,000 bootstrap values.

The result of the 1008 simulations is that in 955 cases (94.7%) the original
shaft height is within the obtained 95% bootstrap confidence interval. The dis-
crepancy between the expected confidence level of 95% and the obtained level of
94.7% is very small, and it may, therefore, be concluded that the bootstrap method
is a valid method for determining the shaft height at Tegea.

D. Monte Carlo Test for Confidence Intervals and Non-random Data

The computer model described above can also be used to simulate the effect of
non-random data on the column shaft height distribution. The simulation is done
by reducing the number of columns given as a parameter to the program: if the 60
preserved drums were originally from ten columns of six drums each, we would
have the complete population accounted for, so that the mean drum height multi-
plied by six would accurately give the shaft height. The degree of randomness can
be increased by increasing the column-number parameter: the simulation was
started with 12 columns, and continued at an interval of two, until 36, the number

20 0n the computer program, see App. E, p. E1.

21 84 colonnades of 8.76 m, 84 colonnades of 8.78 m, etc. until 8.98 m was reached,;

12 x 84 = 1,008.

22 Eor the height ranges of the preserved drums at the site, see p. 22. The shapes of the random

drum height distributions created using these ranges are very similar to the drum height distribu-
tion shown in Fig. 20.
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of columns in the temple, was reached. With 36 columns the simulation is compa-
rable to a completely random situation. The testing was done by determining how
frequently the original shaft height falls within the classical 95% confidence in-
terval calculated from the randomly selected 60 drums.*® The classical confidence
interval was used in the tests because it requires only a fraction of the calculations
needed to determine the bootstrap interval. The simulation was executed 1,008
times for each number of columns.?* The results of the simulations are summa-
rised in Table 6.

Table 6. Effect of non-random data on confidence interval.

Number of Within Within
columns limits (f) limits (%)
12 1,008 100.0
14 1,004 99.6
16 1,000 99.2
18 998 99.0
20 992 98.4
22 987 97.9
24 985 97.7
26 973 96.5
28 967 95.9
30 965 95.7
32 966 95.8
34 967 95.9
36 957 94.9

Even though the fairly small number of simulations does not produce an
absolutely smooth change, the trend in the coverage of the confidence interval is
clear: the more random the selection of column drums, the less often the column
shaft height falls within the limits of the 95% classical confidence interval. When
the simulation corresponds to a completely random situation, the classical and
Monte Carlo intervals converge. Therefore, the use of confidence intervals can be
justified in this instance: even if the drums discovered at Tegea were from a lim-
ited number of columns and as such constituting a seriously non-random sample,
the confidence interval will give a conservative estimate of the shaft height range.

In the next sections, the possibility of defining the shaft height range more
accurately than the statistical confidence interval is surveyed: the key factor in
this process is determining certainly matching pairs of column drums at Tegea.

23 |n order to demonstrate the effect of non-randomness, the population size N was kept as 36 x 6
= 216 in the confidence interval calculations; for the formula, see n. 8 on p. 52.

2% The simulated heights were 8.76-8.98 at 2 centimetre intervals, and the number of simulations
for each height was 84 (12 x 84 = 1,008).
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Table 7. Probability of matching pairs of column drums at Tegea.

n A&B B&C C&D D&E E&F
0 0.04146 0.00772 0.07880 0.18697 0.24388
1 0.19349 0.06173 0.27580 0.39833 0.42678
2 0.33605 0.19097 0.35460 0.29875 0.25607
3 0.28004 0.29955 0.21491 0.09958 0.06566
4 0.12002 0.26211 0.06541 0.01532 0.00730
5 0.02619 0.13243 0.00981 0.00102 0.00031
6 0.00266 0.03863 0.00065 0.00002 0.00000
7 0.00009 0.00631 0.00001 0.00000
8 0.00054
9 0.00002
10 0.00000

1 or more 0.95854 0.99228 0.92120 0.81303 0.75612

E. Probability of Matching Column Drums at Tegea

Calculating the mathematical probability of matching pairs of column drums will
give some suggestions of what kinds of results might be expected with the exca-
vated material. With 49 of the original 216 drums the probability of a complete
shaft being preserved at Tegea is very small, only 0.4%.% However, the chances
of discovering individual matching pairs is very high. The probability of the num-
ber of matching pairs is summarised in Table 7. The last line gives the sum of one
or more matching pairs. For example, the probability of discovering one matching
pair of C and D drums at Tegea is 27.6%, while the probability of discovering at
least one pair is as high as 92.2%.

F. Matching Drums

The study of matching drums at Tegea involved several different phases. In the
first place, the schematic drawings of empolion cuttings and dowel holes were
copied from zone sheets to transparent draft papers.?® The drums that could, on
the basis of their diameter measurements, be matching are listed in Appendix A
(pp. A60-61), and using this list as a guide, the possibly matching pairs were

% The following iterative formulae for calculating the probability have been derived by S. Musto-
nen:

Let P(k,h) be the probability that on level k there are h preserved complete columns.

If k =1 then if h = n; then P(k,h) = 1 else P(k,h) = 0.

S -1l 2]

Ifk> 1 then P(kh) = 2,

J=h
At Tegea the numbers of preserved drums on each level are n; =7, n, =12, n3 =10, n,=7,ns =7,
and ng = 6, and the number of columns n = 36. The probability of one or more complete columns
being preserved can be calculated as 1 — P(6,0) ~ 0.00408. The calculations were performed using
editorial arithmetics in the statistical program Survo.

26 Copies of these are in App. A, pp. A43-59.
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checked from the drawings. For example, the upper faces of A drums were com-
pared with the lower faces of B drums; for the comparison, the sheet for B drums
must be turned upside down in order to imitate the situation with real drums. This
procedure was followed through for all the possible matching drums. The infor-
mation gathered during the process is typographically coded in the list of match-
ing drums.

The placement of the empolion and dowels was confirmed to be character-
istic of each block: the distance between the cuttings and their orientation com-
pared to flutes and to each other varies considerably; also the dowels are quite of-
ten asymmetrically placed on the two sides of the empolion. Three pairs of drums
were discovered to be matching according to the 1:25 drawings.?’ In addition to
these, five pairs were discovered to be possible matches, but they had the other or
both surface drawings incomplete with, for example, only one dowel hole.

When the three matching drum pairs were rechecked and drawn at a scale
of 1:10 in 1995, only one pair was found to actually match: the pair consisting of
a D drum 35 and an E drum 115. The upper surface of block 35 is shown in Fig-
ure 21 and the lower surface of block 115 in Figure 22.

A different method for determining matching pairs of drums was experi-
mented with in 1998: the flute widths were measured with a special instrument
and the slightly varying flute width sequences of different drums were compared.
A new pair comprising of a C drum 9 and a D drum 7 was discovered: the drums
are located on the temple foundations very close to each other. The pair was
originally missed because the top surface of the C drum and the bottom of the D
drum are currently against the foundations and only partially visible.” The flute
width sequences of the two matching pairs are presented in Table 8. Since the
edges of the surfaces were largely broken on all the blocks, the flute width meas-
urements are taken at ca. 0.20-0.30 m above or below the joint; the flute widths
are, therefore, listed as differences of the mean value (the range is -1 — +2 mm).
The flute widths of blocks 35 and 115 overlap for six flutes, and only one of the
overlapping flutes can be measured accurately on both of the drums. The result of
the flute width comparison is more reliable in the case of the second matching
pair of drums: the measurements can be taken for 17 overlapping flutes, and of the
six flutes which it was possible to measure accurately, only one shows a discrep-
ancy of 0.5 mm. All the other flutes match within the measurement accuracy.

2" The comners of the empolion cuttings would not have to coincide exactly due to the construction
of the empolion: the small square wooden blocks are only needed to hold the centring pin. But
since matching empolion cuttings produced good results at Nemea, where there are no dowels, this
method was also adopted at Tegea. On Nemea, see Cooper—Smith 1983, 63-64.

28 On the basis of the positions of the visible dowel holes and the empolion cuttings the two drums
could be matching.
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Table 8. Flute width sequences of the matching pairs of drums.

35| - (0) (0) (0) +1 (+1) (0) +1 +1 0 +1 0 (+1)(+1) - -
15-)©@9 © - - - - - @#HEH+ O 0 © 0 (O (0) (+1) (0)

90 (© -1 +1 0 0O +1 +1 (0) 0 +1 0 +1 (O (+*1)) 0 (O o0 O
7]0 0 -05(+1)(@© 0 (O @©O 0 O O +1 +1 (+2) 0 +1 - -

| O|O |

The measurements of the same flute are listed one above the other. The parentheses denote flutes
with partially broken arrises indicating a possible discrepancy of + 1 mm with the given figure.

G. Height of the Column Shaft

Using the pairs of column drums ascertained above it is possible to attempt to de-
fine the shaft height more accurately than the 95% confidence interval. Since the
shaft height is partially determined by the matching pairs, determination of the
confidence interval is only necessary for the rest of the shaft: taking the pair com-
prising the blocks 35 and 115 (D and E drums), the 95% bootstrap-t confidence
interval for the mean height of A, B, C, and F drums can be determined as 1.454—
1.493 m and for the shaft height as 8.891-9.046 m.?® The difference between this
confidence interval and the previously determined bootstrap interval of 8.758-
8.977 m is due to the matching pair being slightly taller than the average drums.
Cutting the non-overlapping tails off, it is possible to establish the new limits as
8.891 and 8.977 m.

The procedure can be repeated for the second pair of blocks 9 and 7 (C and
D drums). The confidence interval for the mean height of A, B, E, and F drums is
1.442-1.482 m and for the shaft height 8.952-9.111 m.*® Both of the drums in this
pair are significantly taller than average drums, so the limits of the confidence in-
terval are also greater than the previously defined limits. In fact, the intervals have
an overlap of only 2.5 cm, thus allowing the shaft height to be determined as
8.952-8.977 m at a confidence level of 95%. The bootstrap confidence interval of
the mean capital height is 0.592-0.603 m,*" so that the confidence interval of the

2% The minimum of the generated 5,000 bootstrap t-values was —3.7938 and the maximum 3.8287;
the values limiting 95% of the distribution were t,;, = 1.976 and t;_,, = —=2.101. Other variables
substituted into the confidence interval formulae of n. 15 (p. 54) above were X = 1.4733, s =
0.070907, n = 40, and N = 4 x 36 =144. The minimum of the shaft height range was calculated as
follows: 1.493 [height of block 35] + 1.580 [height of block 115] + (4 x 1.4544) ~ 8.891 m; the
maximum: 1.493 + 1.580 + (4 x 1.4933) ~ 9.046 m.

39 The minimum of the generated 5,000 bootstrap t-values was —3.9087 and the maximum 3.5060;
the values limiting 95% of the distribution were t,;, = 2.016 and t;_,», = —=2.093. Other variables
substituted into the confidence interval formulae of n. 15 (p. 54) above were X = 1.4619, s =
0.070993, n = 39, and N = 4 x 36 =144. The minimum of the shaft height range was calculated as
follows: 1.668 [height of block 9] + 1.514 [height of block 7] + (4 x 1.4424) ~ 8.952 m; the
maximum: 1.668 + 1.514 + (4 x 1.4823) ~ 9.111 m.

31 The minimum of the generated 5,000 bootstrap t-values was —14.067 and the maximum 4.2657;
the values limiting 95% of the distribution were t,, = 1.9089 and t,_,,, = —3.2667. Other variables
substituted into the confidence interval formulae of n. 15 (p. 54) above were X = 0.5961, s =
0.007978, n =10, and N = 36.
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Fig. 21. Upper surftice of block 35, Scale 1:10.
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Fig. 22. Upper surface of block 115, Scale 1:10.
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whole column height with the capital is 9.544-9.580 m.*

3. The Shaft Profile

As we saw in the previous section, the height of the column shaft can be quite ac-
curately determined. Another important feature of the shaft, entasis, is discussed
in the following sections.

A. Possible Combinations of the Column Drums

During the documentation project of the drums an error margin particular to each
measurement was determined.** When the computer program which combines the
drums according to diameter measurements and measurement margins is run with
the new data as input, the result is quite similar to a run using Clemmensen’s data:
the histogram of the possible column shaft combinations for the old data is pre-
sented in Figure 1 and for the new data in Figure 23.** The distribution in the lat-
ter is more clearly trimodal with one main and two subsidiary modes. The peak of
the main mode is at 8.77-8.81 m, at a slightly lower height than Clemmensen’s
first cluster of 8.80-8.85 m, but the second peaks coincide at 8.95-8.98 m. The
second peak—shaded darker than the rest of the distribution—also corresponds to
the shaft height defined in the previous section. Due to more measured drums and
to some wider measurement margins, the number of possible combinations has
exploded from 3,361 to 27,516. The number of possible shaft combinations within
the range 8.952-8.977 mis 1,678.

B. Shaft Profiles and Maximum Entasis

Measurement accuracy is an important factor in determining which of the possible
drum combinations constitute acceptable shaft profiles. The average accuracy of

32 Independently of the statistical confidence interval of the mean shaft height, | have argued for a
column height of 9.56-9.58 m based on the cella wall; however, there is no question that the
height analysis presented here is a better solution to the problem and should be preferred over the
analysis in Pakkanen 1996b, 163-164. Moreover, it is very probable that an analysis of the cella
wall height will not make it possible to define the temple height any more accurately than on the
basis of the column height; even if it is possible to determine the sequence of cella wall blocks of
different heights with certainty, the variation in the heights of the courses easily amounts to three
or four centimetres.

38 See p. 12, esp. n. 6.

3% On the computer program, see p. 2 and App. E, p. E2; for a discussion of Fig. 1, see pp. 2-3.
Blocks 48 and 93, both A drums, are omitted from the possible shaft combinations because their
lower diameter can only be estimated.
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the column drum diameter measurements at Tegea is +2.9 mm (for the measure-
ment ranges, see Appendix A). In the profile analysis the radii of the drums are
used rather than the diameters, so the level of accuracy must also be halved: for a
measurement margin of £2.9 mm the parameter of accuracy can be input as £1.5
mm to the computer program used in the analysis.

It is possible to determine which of the drum combinations at Tegea pro-
duce a consistent shaft profile within the measurement accuracy by employing a
computer program*® which defines two boundary lines for each combination: all
the points of the shaft profile should fall within these two lines to be accepted as a
possible solution. Figure 24 presents an acceptable drum combination: all the
small circles representing the shaft co-ordinates are within the zone defined by the
dotted lines. Figure 25 shows an unacceptable profile where the point at the joint
of the first and the second drum falls outside the zone.

The curves of the boundary lines are parabolas, and their position is de-
fined by the measurement accuracy parameter and the position of the maximum
entasis input to the computer program. The curve on the left is 1.5 mm to the left
of the “ideal” shaft profile, and that on the right is the same amount to the right
(see Figs. 24 and 25). The width of the complete zone is in this case £1.5 mm.

For the starting point of the analysis, a data-file including the shaft co-
ordinates of the 1,678 possible shaft combinations within the shaft height range of
8.952-8.977 m was created. The computer program was run with different pa-
rameters for the height of maximum entasis (at 40-60% of the shaft height) and

% See App. E, pp. E2-3; on the use of the same computer program in connection with Labraunda,
see Pakkanen 1998.
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Fig. 24. Example of acceptable shaft profile.
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Table 9. Frequencies of accepted shaft profiles.

13 mm 12 mm 11 mm 10 mm 9 mm
0.60 42 88 137 82 66
0.59 42 87 119 81 62
0.58 42 88 113 79 61
0.57 42 88 111 77 62
0.56 40 88 116 77 62
0.55 37 89 126 79 62
0.54 35 89 139 81 61
0.53 25 87 82 61
0.52 23 81 82 65
0.51 18 84 79 66
0.50 20 77 69 65
0.49 20 68 70 63
0.48 20 70 82 66
0.47 19 66 130 84 42
0.46 10 61 127 89 31
0.45 11 50 114 83 38
0.44 11 43 93 88 44
0.43 8 25 90 98 47
0.42 8 19 87 96 59
0.41 5 20 81 59
0.40 4 13 70 80

The top row gives the amount of maximum entasis and the left column the
proportional height of maximum entasis.

the amount of maximum entasis (9—13 mm). The values of these parameters were
based on preliminary analysis and architectural comparanda: Varying the amount
of maximum entasis, there are very few acceptable shaft profiles below 9 mm and
above 13 mm. In Late Classical Doric architecture in the Peloponnese and at Del-
phi the position of maximum entasis is invariably approximately in the middle of
the shaft.*® All the 1,678 shaft profiles were tested, for all the different combina-
tions of input parameters, for whether they produce an acceptable within the
measurement accuracy or not: the frequencies are summarised in Table 9. The
darker the background colour, the more acceptable shafts there are in the class.
For example, with the amount of maximum entasis set as 12 mm and the height of
entasis as 0.46, of the 1,678 possibilities 61 fall within the zone of conceivable
profiles.

There are two clusters with high frequency of acceptable shaft profiles: the
first one has a maximum entasis of 11 mm at the height of 48-53% of the com-
plete shaft and the second has a maximum entasis of 10 mm at 40-41% of the
shaft. Comparative material would suggest that the first cluster is the more prob-
able position of maximum entasis,®” and this is confirmed by calculating the
means of the x and y co-ordinates of the 1,678 possible shaft profiles: the amount
of maximum entasis of the mean profile is 11 mm at 48% of the shaft height. This

3% At 48-56% of the shaft height (Pakkanen 1997, 342, table 3).
37 See n. 36 above.
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shaft profile is presented in Figure 26; the change in the direction of the entasis
curve is minimal in the middle of the shaft, such that it is preferable to give the
height of the maximum entasis as within the range 48-53% rather than selecting a
single value for it.®® The right part of Figure 27 shows a reconstruction of the
peristyle column at Tegea.

4. Shaft Design

A. Foot Unit

I have intentionally refrained from making any references to ancient foot units in
the previous analysis: the measurement ranges have been determined using statis-
tics and various computer programs. Table 10 displays the main dimensions of the
column, and they are compared to a humber of foot units proposed by different
scholars. H. Bankel has tentatively suggested an ‘lonic foot” of 0.294 m, H. Bauer
a unit of 0.296 m, Ch. Dugas, M. Clemmensen, and W. Koenigs a unit of 0.2985
m, and finally W. B. Dinsmoor a ‘Doric foot’ of 0.326 m.*

Table 10. Dimensions expressed in different foot units and their discrepancies.

M Min Max Bankel Discr Bauer Discr Dugas Discr Dinsm Discr 0.3065 Discr
Diam.,| 1.545 1554 54" -0.001 54" - 53" - 412" - 51" -
Diamya| 1.196 1.213 42" - 41" - 41" - 3t - 315t -
ColH [9.544 9.580 32'8" - 324" - 320" - 29'6" - 314" -
ShaftH | 8.952 8.977 30'8" - 304" - 300" - 278" - 294" -
CapH [0.592 0.603 21" 0.003 20" - 20" - 1'13" -0.001 115" -
AbW |1.609 1.616 58" 0.001 57" - 56" -0.005 4'15" - 54" -

If the measurement expressed as feet and dactyls falls within the measure-
ment range, no discrepancy is reported, and if it does not, the distance to the clos-
est limit is reported as the discrepancy: for example, a discrepancy of —0.001 m in
Bankel’s lower shaft diameter means that 5'4" (=~ 1.544 m) is actually 0.001 m be-
low the lower limit of the measurement range. As we see, the different foot meas-
ures generally fit very well within the established ranges, and even though there
are no discrepancies with Bauer’s foot unit of 0.296 m, | would hesitate to prefer
it to the others because of the very small discrepancies observable in the other
proposals. It is actually possible to find a number of completely hypothetical ‘foot
units’ that fit to the ranges without any discrepancies; in Table 10 a unit of 0.3065
m is given as an example. However, it is interesting that the column and shaft

%8 The plotted points in Fig. 26 are (0,0), (0.018,1.471), (0.040,2.947), (0.065,4.502),
(0.093,6.072), (0.121,7.523), (0.150,8.964), and the formula of the fitted curve is y = 0.005 +
82.3x — 235.5x + 562.4x°.

%9 Bankel 1984, 415; Bauer 1973, 69; Dugas et al. 1924, 59; Clemmensen 1924, 10; Koenigs
1977, 231-233; Dinsmoor 1950, 195 n. 1, 219.
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heights can be expressed in feet and simple fractions of a foot in four of the sys-
tems: the column height could be 324 and the shaft height 30% ‘lonic feet’ of
0.294 m, or 32% and 30% Bauer’s foot units of 0.296 m, or 32 and 30 Dugas’
foot units of 0.2985 m, or 31y and 29 feet of 0.3065 m. In conclusion, it seems
that no decision on the ancient foot unit used in the design of the temple of Athe-
na Alea at Tegea can be made on the basis of the column measurements.

B. Drum heights

It was recently suggested to me by M. Korres that one possible explanation for the
differing heights of the C, D, E, and F drums could be that the C and D drums on
the one hand, and the E and F drums on the other hand, were designed as pairs so
that the height of the joint of D and E drums was constant. This suggestion, how-
ever, does not seem to be supported by the possible drum combinations with the
known pairs of matching drums. In the shafts comprising the matching C drum 9
and D drum 7 the top surface of the D drum is at a height of 6.12—6.14 m, and in
the shafts with matching D drum 35 and E drum 115 the joint between the drums
is at a height of 5.91-6.07 m.* Since these ranges do not overlap, the placing of
the tall and short drums within the shaft appears not to have been systematic.

C. Entasis Design

I have discussed entasis in fourth-century BC Doric buildings in the Peloponnese
and at Delphi in a recent article:** the data presented in Table 11 conforms well to
the conclusions of that text. On the basis of the figures in Table 11 it is possible to
evaluate how well the conic sections—circle, ellipse, parabola and hyperbola—fit
to the shaft profile measurements.*? The residual sum of squares is calculated by
squaring the differences between the y co-ordinates and the predicted values of y
and then adding these together. On the basis of the mean of the absolute discrep-
ancies it is possible to evaluate the accuracy of the estimated curve: for example,
with the circle formula the measured heights are on average at a distance of 26
mm from the calculated shaft profile y co-ordinates.

All the different conic sections fit to the shaft profile data very accurately.
If Skopas used a conic section in the design of the shaft profile, it is reasonable to
suggest that he would have employed a circle or an ellipse, as they are easier to

%9 The number of shaft combinations within the height range 8.952-8.977 m for the matching C
and D drums is 97, and for the matching D and E drums it is 18.

! pakkanen 1997.

*2 Eor the co-ordinates of the fitted shaft profile, see n. 38 above. On curve fitting and entasis in
general, see Pakkanen 1997, 336-341.
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Table 11. Mathematical formulae and their fit to points of the Tegea shaft profile.

Building and fitted formula Residual sum of Mean of absolute
squares discrepancies (m)

Circle: (x —Xo)% + (Y — Yo)* = r?
Xo = 947.328 (0.009), Y, = —11.461 (0.059), 0.0102 0.030
r = 947.328 (0.009)

(x=%)° (Y=Y,)°
2 + 2
a b
Xo = 2.983 (-), Yo = -12.868 (0.952), 0.0040 0.023
a =3.0606 (0.0075), b = 57.604 (1.714)

Parabola: (y — Yo)* = a x (X — Xo)
Xo = —0.06948 (0.00613), yo = ~11.4564 (0.7467), 0.0034 0.021
a = 1893.99 (88.44)

=1

Ellipse:

2 2
X=X —
Hyperbola: ( 2°) - (y Z") =1
a b
%o =0.7700 (=), yo = =7.7277 (0.3579), 0.0025 0.015

a=0.7235 (0.0034), b = 21.227 (0.214)

The standard errors of the estimated parameters are given in the parentheses. 3

use than a parabola or a hyperbola. In the following | will present two possibilities
for how the architect could have designed the gently curving profile.

Producing a scale drawing of a polygon approximating an arc of an ellipse
is quite simple.** All that is required are a ruler with dactyl markings and a draw-
ing surface of ca. 0.20 x 0.60 m. Let us hypothetically suppose that Skopas was
using Dugas’ foot unit of 0.2985 m in the design: the shaft height expressed in
feet would in that case be 30 feet, and the taper of the profile half a foot or eight
dactyls.” | am intentionally using here values calculated from the shaft diameters
measured between the flutes and not the arrises, because this makes it possible to
compare the measurements derived from the drawing with dimensions of the shaft
profile: I am not suggesting that the architect actually designed the profile of the
flute bottom instead of the arris.

In the scale drawing the width of the area, eight dactyls, is marked at full
scale, but the height is scaled down: one dactyl corresponds to one foot and the
height of the drawing is 30 dactyls. If the architect is of the opinion that dividing

*3 No standard error is given for parameter x, of the ellipse and the hyperbola because it is given
as input to the program which estimates the other parameters; see Pakkanen 1997, 338 n. 79.

#4 | wish to thank M. Korres for several discussions on curvature design: | have greatly benefited
from his insights. Even though no Late Classical scale drawings are known, there is a mid-third-
century drawing of a shaft profile on the cella wall of the lonic temple of Apollo at Didyma; see
Haselberger 1983, 115-121.

* The lower diameter of the shaft between flutes expressed in Dugas’ feet is 4'14" and the upper
diameter 3'14"; the difference, 16", must be halved in order to get the taper of the profile, 8".
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3

, Fig. 27. Hypothetical design drawing of
0 s the shaft profile. Dimensions in dactyls.

the shaft height into six equal parts—six is also the number of drums in the
shaft—is enough, the ruler must have one of the dactyl markings divided into
eight equal parts. The method of drawing the polygon is illustrated in Figure 27.
The first point is marked at five dactyls above the base line and one dactyl to the
right of the vertical line. From this point another vertical line is drawn to ten dac-
tyls and the next point is marked one dactyl and one subdivision to the right of the
new vertical. Again, a new vertical is drawn from this point, but at 15 dactyls the
offset to the right is now one dactyl and two subdivisions. At 20 dactyls the offset
is increased to one dactyl and three subdivisions, and at 25 dactyls the offset is
one dactyl and four subdivisions; at 30 dactyls, or at the top of the drawing, the
new point set at one dactyl and five subdivisions to the right of the previous point
is very nearly eight dactyls to the right of the first vertical line (the discrepancy is
2 mm). After the marked points are connected, the amount of shaft taper can be
measured from the drawing for any given height. No difficult calculations are
necessary at any stage of the method.*

The discrepancies between the x co-ordinates of the above presented

46 Anyhow, it is possible to derive a formula for determining the x co-ordinates of the polygon

when y is divided into k equal parts:
k n-1
x(0) = 0; x(1) = d; for n x(n) =nd + m(n) x d/ a, where m(n) = Zi and, in this case, d = 1 dactyl
i=1
anda=8.
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Table 12. Comparison of different methods of deriving the x co-ordinates of the
shaft profile (m).47

Shaft height Design drawing Estimated circle Unit of 0.3065 m
5 ft. 0.019 0.019 0.019
10 ft. 0.040 0.041 0.041
15 ft. 0.063 0.065 0.065
20 ft. 0.089 0.091 0.091
25 ft. 0.117 0.120 0.120
30 ft. 0.147 0.151 0.151

graphical method and the true circle fitted to the measurement data are small but
noticeable (Table 12).® If in the design drawing a ‘foot unit’ of 0.3065 m is used
for the width of the drawing instead of Dugas’ foot unit of 0.2985 m, there are no
differences between the fitted circle and the graphical method.

The method is also very flexible. Reducing the number of dactyl subdivi-
sions increases the amount of maximum entasis: for example, dividing the dactyl
into five equal parts instead of eight would have increased the entasis from 11 mm
to 17 mm (and at the same time the drawing is widened from eight to nine dac-
tyls). With some test drawings the architect could quickly have discovered the de-
sired combination of shaft profile and taper.

The only drawback with the method is that a division of a dactyl into small
equal parts is necessary, but, in fact, there is no indication in literary sources or
inscriptions that Greek builders ever used any fractions of a dactyl less than a
half.* On the other hand, if small fractions of a dactyl were used, it is precisely
for the entasis design that they would have been required.

The second alternative design method presented here is quite different
from the method of drawing described above. The required space is much larger,
ca. 4.5 x 1.5 m; the equipment required is a ruler and a long string for drawing the
arc of the circle. Figure 28 presents a solution based on drawing a true circle. |
will again discuss the drawing in terms of Dugas’ foot unit. The centre of the cir-
cle is drawn one and a half times the height of the drawing, 45 dactyls, below the
base line; the radius of the circle is half of the shaft height, or 15 feet. The right
part of Figure 28 shows the drawing of the shaft profile at larger scale. The arc of
the circle fits fairly accurately to the points of the first drawing method; these
points are plotted as small circles in Figure 28. The amount of maximum entasis is
9 mm, slightly less than the determined entasis at Tegea of 11 mm. The architect
could have increased the amount of entasis by bringing the centre of the circle
slightly closer to the drawing area. The method is extremely simple, and, with a
little testing, both the taper and entasis of the shaft can be controlled. Transform-
ing the design to full scale, the realised shaft profile becomes an elliptical arc.

T The figures for ‘Design drawing’ and ‘Unit of 0.3065 m’ are calculated using the formula of
n. 46 above. In the former d = 0.2985 m/ 16, and in the latter d = 0.3065 m / 16.

*8 For the circle formula and the used estimated parameters, see Table 11.
* Coulton 1975, 92-93.
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Figure 28. Hypothetical design drawing of the shaft profile (large circle).

In conclusion, both of the methods could easily have been employed by the
ancient architect. | find the latter method slightly more attractive because of its
simplicity; it also avoids the problem of using subdivisions of a dactyl. Therefore,
| suggest that the shaft profile at Tegea was quite likely to have been designed
using the circle method.

5. Column Proportions

With the column height and shaft profile of the temple of Athena Alea quite accu-
rately determined it is possible compare the column proportions of different Doric
buildings in the Peloponnese and Central Greece (Table 13). The slight modifica-

tion in the column height at Tegea does not significantly alter the proportion
column height

lower diameter between the arrises
the column more slender during the fourth century. The columns of the two tholoi
at Delphi and at Epidauros, and the treasury at Delphi are proportionally signifi-
cantly taller than the columns of the other buildings (column A). *°

On the other hand no chronological trends can be observed in the taper of
column (column B) or the proportional flute depths (columns C and D). The

: there is a trend, even if it is not very clear, to make

% The columns of the tholoi are probably more slender in order to balance their proportionally
greater width; see Roux 1961, 321 and Tomlinson 1983, 64.
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Table 13. Column proportions (late 5th — late 4th century BC).

A B. C. D. E. F.
Bassai, t. of Apollo (not frontal) 5.359 ~ 3.88-3.91 0.205 0.168 — -
Argive Heraion, second t. of Hera 54-57°" 43-45 020 0.15 exists
Delphi, tholos 6.83 3.53 0.206 0.138 0.09 0.53
Delphi, 4th cent. t. Apollo 544 3.69 0.226 exists
Delphi, 4th cent. t. Athena 591 341 0.268 0.248 0.08 0.52
Epidauros, tholos (11/12 drums) 69/75 35/35 0.17 0.13 0.15/0.14 0.48-0.52
Tegea, t. of Athena Alea 6.16-6.18 3.79-3.80 0.19 0.16 0.12 0.48-0.53
Delphi, treasury of Kyrene 6.94 2.69 0.22 0.56
Nemea, t. of Zeus 6.342 333 02160152 014 051>
Stratos, t. of Zeus 6.0? 4.2? 0.22 0.13

A. Proportional height of the column = ColH / Diam a

B. Taper of column shaft (%) = 100 x (Diam_a — Diamy,) / ShaftH

C. Proportional flute depth at the bottom of the shaft = [(Diam_, — Diam,) / 2]/ FIW,
D. Proportional flute depth at the top of the shaft = [(Diamya — Diamy) / 2] / FIWy

E. Proportional emphasis of maximum entasis (%) = 100 x Ent. / ShaftH

F. Proportional position of maximum entasis in the shaft = EntH / ShaftH

fluting is always more shallow at the top of the shaft than at the bottom. The pro-
portional emphasis of the maximum entasis varies during the fourth century (col-
umn E), but it is always placed approximately in the middle of the shaft (column
F). In the two earlier buildings at Delphi the entasis is less pronounced. The em-
phasised entasis of the treasury of Kyrene is most likely a feature of ‘Kyrenaian’
Doric order; the building is clearly different in other respects, as well, from
mainland Doric style.>®

*! Based on the preserved 14 column drums at the Heraion the bootstrap-t 95% confidence inter-
val for the mean can be calculated as 0.825-0.865 m; the height of the column shaft cannot be
determined any more accurately than as 6.60-6.92 m and the column height with the capital as
7.10-7.43 m (C. Pfaff’s proposal of 7.32 m for the column height cannot be sustained); for the
drum heights at the Heraion, see Pfaff 1992, 123, pls. 116-123.
52

Calculated for the pronaos column.

53 See Pakkanen 1997, 332-334.






VI1I1. Conclusions

This study partially presents the results of the documentation project on the blocks
of the fourth century BC temple of Athena Alea at Tegea obtained from 1993-
1998; the building block documentation is directly connected with the five year
Norwegian excavation project (1990-1994) in the sanctuary led by E. @stby.

The 49 column drums preserving their full height and both the lower and
upper diameters were documented on zone sheets: each peristyle column of the
temple had consisted of six drums and, correspondingly, the shaft was divided
into six overlapping parts which take the entasis of the shaft into consideration.
The measurements were recorded and the positions of the empolion cutting and
the dowels drawn on the zone sheets. Once the documentation was complete it
became possible to identify the blocks with the drums numbered by Ch. Dugas
and M. Clemmensen and published in 1924. The previous measurements were
discovered to be generally reliable.

The lower diameter of the bottom drums between the flutes is 1.45-1.46 m
and between the arrises ca. 1.55 m. The corresponding measurements for the top
of the shaft are 1.15-1.16 m and 1.20-1.21 m. The corner columns were not
thickened. The peristyle columns were standing vertical: the height variation of
the bottom drums is not enough to incline the columns towards the interior—as
the previous reconstruction shows—but only to correct the horizontal curvature of
the stylobate. All the drums used in the study can be shown to be from the
peristyle order.
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The variation of the capital dimensions, even though small, creates diffi-
culties in the analysis of architectural proportions—individual capitals at Tegea
could be placed on the basis of proportions almost anywhere in the chronological
list of fourth century buildings. The Tegea capitals support the conclusions
reached by J. J. Coulton in his study on Doric capitals (1979): 1) the homogeneity
of the fourth century capitals is most likely a result of the use of proportional
rules, and 2) the use of proportions to date buildings should be reconsidered.

The horizontal curvature of the foundations has been restudied: the central
part of the south flank was measured to be 0.080 m higher than the south-east cor-
ner of the foundations, and the height difference on the west short side is 0.054 m.
The entablature has been shown to have horizontal curvature as well. Nine of the
twelve entablature blocks show signs of being adjusted for horizontal curvature:
the range of the angle measurements is 89.7-90.8°.

The height of the column can be most reliably determined using computer-
intensive statistics: the bootstrap-t method is able to deal with the non-random and
non-normal drum height distribution. The validity of the method was confirmed
by Monte Carlo simulation. Non-randomness of the data is shown to cause a con-
servative estimate of the shaft height, so the bootstrap-t method can be used to
calculate the confidence interval of the shaft height. On the basis of matching
pairs of drums the shaft height can be defined as 8.952-8.977 m at a confidence
level of 95%; the column height with the capital is 9.544-9.580 m. This is 0.070-
0.106 m higher than the previous reconstruction of 9.474 m, but perhaps even
more significant than the definition of a new height is that millimetre exact recon-
struction of the peristyle column at Tegea cannot be reached with the currently
preserved material.

The number of possible drum combinations within the defined height
range is 1,678. By determining which of the combinations produce an acceptable
shaft profile within the measurement accuracy the amount of maximum entasis of
is defined as 11 mm and the height of maximum projection as 48-53% of the shaft
height.

It is demonstrated that all the foot units suggested by different scholars fit
equally well to the column dimensions. Therefore, no decision can be made on the
ancient foot unit used in the design of the temple on the basis of these measure-
ments. Two alternative methods for designing the entasis curve are discussed;
both are simple graphical methods which do not require any calculations. The
second solution, based on a scale drawing and sketching a circle of approximately
half the shaft height in radius, is proposed as the design method employed at
Tegea.

The method for analysing the column height and shaft profile developed in
this study can, with slight modifications, be applied elsewhere where there is
enough architectural material preserved but the height of the building is not
known. It is important to conduct the documentation so that individual margins
can be determined for all the key measurements of the column drums—only data
of this type can be used as input for the computer programs used in the analysis.
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abacus
anathyrosis
other;

annulets

architrave
29.

arris

cella

column drum
dowel

echinus

empolion

entasis
entablature

euthynteria
flute
foundations

frieze
gutta

krepidoma

metope
mutule
opisthodomos
pronaos

regula
stylobate
taenia
tholos

triglyph

trachelion

The flat slab forming the top part of the capital.
Smooth contact band at the edges of a block joined with an-

the central part of the surface is roughly cut.

The projecting rings between the neck (trachelion) and the
echinus of the capital; see Fig. 12 on p. 33.

Lintel block carried by columns, also called epistyle; see Fig.

Sharp edge between two column flutes of a Doric column.
Central room of a temple.

One course of a column shaft; see Fig. 29.

Attachment used to secure blocks to the course below them; in
Tegea the dowels are of iron with molten lead around them.
Convex part of a Doric capital connecting the annulets and the
abacus.

Block at the centre of the column drum joint. Usually wooden, it
consists of three parts: two which fit into the square cuttings of
the adjoining drums, each with a round hole for the wooden
centring pin.

The slightly convex curve of the column taper.

Superstructure of a building carried by columns; includes the
architrave, frieze and cornice; see Fig. 29.

Top course of foundations; see Fig. 29.

Vertical channel of a column shaft.

Courses of blocks often needed to support e.g. krepidoma or
cella wall; see Fig. 29.

Central part of an entablature; see Fig. 29.

Small cylindrical cuttings used in the Doric order under a regula
and mutule.

Platform of a temple, usually consisting of three steps; see Fig.
29.

Panels of a Doric frieze; see Fig. 29.

Projecting slab at the bottom of a Doric cornice block.

Rear porch of a temple; cf. pronaos.

Front porch of a temple enclosed by side walls and by columns
in front.

Rectangular strip under the taenia of a Doric architrave.

Top step of a krepidoma; see Fig. 29.

Fascia at the top of a Doric architrave.

Circular building.

Projecting member of a Doric frieze, between metopes and with
two vertical grooves; see Fig. 29.

The neck of the capital; see Fig. 12 on p. 33.
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Appendix A: Column drums

Cieneral abbrevianons used in the appendix ace Listed on p. .
All mgasurements i meters unless otherwise stated,

By Block numiber
Dugs Drum number in Dugas of of, 1924, app. 11, 131=133
Pos Pozition of e drumm within tee shall

Table Al. Column drum diameter measurements (A2-3)

L Lower dimmeter; measurement taken between (lutes
u Upper digmeter, measuremiont taken between flutes
1A Measurement tken between Mutes | A-10H

2A Miastirement taken between Nules 2A-98

A Mensurement taken between flutes 3A-8R

AM Measurement iaken bebween Muies 4A-TB

A Measurement taken between Mutes SA-6RB

oA Minsurement sken beoween Mues AA-38

TA Mesurement taken between Mutes TA-4B

BA Mensitrement taken between Miles 8A-3B

DA Measurement taken between Mules 9A-2B

104 Meazirement laken between Mutes 10A-1R

Table A2, Column drum height measurements (A4-35)
1A-10A,  Height of the dram messured along the bottom of the Mute

10B-18

Table A3, Column drums: measurement averages, margins, and differences
(A6-8)

Ay Average of new measuremeris

Dugas Measurement given in Dugas ef of, 1924, app. 11, F31-133

- Negative margin of the pew méensuremaent

+ Positive margin of e new measurcimnent

N Mumiber of new mcasurements taken of e drum

Differcnces = Dugas - Ay
Printed in fridics are the cases where the difference botween Clemmensen's
and the new eolumn dram measurement (App, 1, Dugas of af 1924, 131=133
fs Lrger than the ervor margin established on the bagis of new
mensurements (see p. AR),

Catalogue of Column Drums and Drum Fragments (A9-42)
All photographs by LF.

Schematic Drawings of Empolion and Dowel Holes (A43-59)

Scale 130 (original seale 1:23),

For drums in an upright position a north arrow s drawn next to the arris or flute facing
nerth, amgd For doums lying on one side the top amis or fluie is given an arrow peinting
upwiirds.

Matching Drums (A60-61)
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Table Al Column deum diwmeter measurements.
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Table AZ. Column drum helght measurements,

- = F Pt fesf- - - F F F OFOFOF OF OB | | 8] tsaie
-~ F P F F 1 PFPFF s |- FF = |- |a]tsales
S e e O O e L0125 1 15 = 1 ERN I3} N G I SR ) N N SN O G I -t ]
- R leeerfeser)- fesen)- | | [seet|osertl [iewifiset| a | osalss
- soer- orasoctjwosijoct) ot - F O F IF | P | a] salo
< F F F FFF F F F F F F F F F F F [ |9]xaale
- FF FFFFFEFE Iy F FFFFFF |2 |3]sale
T P Y TS (VRN P} (L) 7 P72 S N LT S N S SIS N (/% ) IV T
L' 69%1 [R9K°L (81 [6OK' L~ |- |- (60K L|EL 1| TL 1 |SEET |ELK L {90 T [9Lr || SLT |LLy L |LL 1 |SLFLISERT | V| Ty
sei|evtl- - = - 1= eserjocet |ockt 6ow'T |1l |Toet |2kt v [esvT- |sert| V| oraler
R TV S S R S X U SO N N R N 172 § S ER N NS N O o B I | 1
- - F o e - P | 8| sealsr
= FF FF FF P F F F F FEFEF F FE FIF | 9] walss
< |- [ feerrf e feetfgert- - |- | = |- |- |- [sert|- | a | sealss
< oswrjoser|inetjose | sy jose meetjosel - - - - - - - P |- | a | sealee
- FFF O FF OB pseyeral wthweal- |- - o |- | 9] tafiz
-~ FoF o [ |urfeseiseetl - |zseif- - feert|zse| 8 | ofafez
GLETL[OZE L |GLE L | BIE T |GIET | 1T |G1ETT|GIED |- * = = = el 3 N = = 5 = BIE1| 4 | 674 |EE
T R S S T R R N GO CH LS 1L T P N ) 2 S N 2 2 Y S S DR o 1
ol et - O F seese|- - |- | 3| zajer
- FFr FFFFEFFEFEFEFFEETEELFE F F P s tst
< = fesefesenf - - F o F - F F OFOF OFOF O I | a]emale

gr|erioeer- - |- |- |5 IRSEI{TOF L[ 9st |Le ) [TOF L[R5 [SSh'1 | 0981 |€OF | |99% 1 |99% L kLT | V| S1a[R

aet|-  leerl e |ass wme|s (mefs eis- e - wmsi- |- | a | uale

7350 CE C S R N S S A G N (<17 | C {2 ) O (7 ) S S (172 - R (1

GEYL [ BEY 1 LS9 [OU 1 RS0 | RSW L |LS9'1 | S59°0 |- . e = = - B = = B . 6591 0 | SIC|E

R O (O S S 2 = Gt e T S U S T T | L i TR PR i T 1

@i |6z |ge |ay |as (@9 (AL |as (g6 |HO1 |vol |ve |VE Vi |vo |vs |vk |v& [vT |vi | sed|ifna|ue




Appendix A: Column Drums A5

il

]

i

L

L]
ROF1

-

LLFN
LBF]
DEE’|
o

i aRli sl ily. - Ra TR - TR TRE T - 8-

oo Dw s Om

i

15d
Lrdl

sta
I+

Led
«£d
Fid
£Tfa
Lxd

ol
Fas
£y
fus
3
Fi 4
£ES
G|
L0s
Gl
St
L6t
ity
£iH
FeH
clt
10
L6t
Sht|
£9%
il
CEl
£l

Ef
6

Hr

HY

biE

Hol

Vol

Vi

vz

Yi

Ve

¥r

Vi

¥i

£

z

e




A6 The Temple of Athena Alea at Tegea

Table A3, Column drums: measurement averages, margins, and differences,
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Differences

Cases where the difference between the new and Clemmensen’s column drum measurement
(upp IL Dugas eral. 1924, 131-133) is larger than the error mirgin established on the basis
of new measurements;

Bl
3
fi
&

>

15

22
24

w3

135

401

415

Dug#
3
DI
(1}

D9

D23

D9
030

D86
D34

D21y

D3R

Dhs

H:
Diam, ;

Diumi_,:

H:

H:

Diwmy;
Diam, .

Diamg
Diiwm

Disam

Based on || measuremenis. Likely mwore sccurate than app, 11.
Edge of the block largely broken. Caliper measurement likely
mare aecurnte than npp. 11

Based on 4 measurements and rechecked. Edge broken Caliper
mensurement likely more securate than app. 11

Lower surfoce largely broken. Caliper mensurement likely more
aceurate than app. 1L Clemmensen gives alse a shorter
measurement of 1,670 m in parentheses (po 132) which reduces
the difference anly to 2 mm.

Lower surface lurgely broken. Caliper measurement likely more
accurate than app. 1L

Presently sgamst ground, Mesgarement rechecked,

Edge of the block broken. Caliper measurement likely more
accurale than app. 11

Measurement rechecked. Caliper measurement likely more
aecurate than app. 11,

Edge of the block broken. Caliper measurement likely mone
aecurale than app. 11

Block reused. mortar om thie side makes the mcasurement Targer
Tor dimmeter 10A=18. Flutes 9A=21 withoul moeriar, measuremens
accurate

Printing error of 10 cm in publication?

Edge of the 1op surface brokan. Caliper measurement likely maore
aceurste than app, 11

Edges preserved, measuroment rochecked. Caliper measuremen
fikely more securmte than app. 1L

Edge of the 1op surface broken. Caliper measurement likely more
pecunite than opp. 11,
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Catalogue of Column Drums and Drum Fragments

Measurements taken between preserved surfaces underlined.
Measurements adopted from Dugas et al. (1924, App. 11, 131-133) with italics.
If the drum is listed in Dugas et al. (1924, App. 11, 131-133), the Dugas drum number is given in

parentheses before the measurements.

The measurement margin is given in parentheses.

For general abbreviations see p. ii.
C  Co-ordinates of the block.

Blocks 2 (left) and 3 (right).

2. Column drum fragment. Partially pre-
served upper surface, probably also lower.
With 1 dowel hole. 8 flutes. Pres. c. 1/3.
Pos. A. H: 1.48. FIWy: 0.235.

C: Dowel hole, E-most. X: 3.11 Y: 10.07 Z:
0.26

3. Column drum. Bottom and top surfaces
almost complete. With empolion and 2 dowel
holes. Presently upside down. Pres. ¢. 1/1.
(=D13) Pos: B. Diam: 1.419 (1.418-1.421).
Diamy: 1.373 (1.369-1.376). H: 1.464 (1.463-
1.466). FIW: 0.234-0.235. FIW\,: 0.228.
Diampa: c. 1.49.

C: Empolion. X: 4.43Y:9.49 Z: 0.21

4. Column drum. Lower surface probably
preserved, upper broken, 7 flutes. Pres. c. 1/2.
Pos. B. H: c. 1.10-15. FIW,: 0.235-0.236.

C: On broken surface, 0.13 m from the S-most
arris. X: 12.75Y:14.54 Z: 0.63
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Blocks 5 (left) and 6 (right).

5. Column drum. Top surface partially bro-
ken, with empolion and 1 dowel hole. Bottom
surface preserved, 19 flutes. Pres. c. 9/10.
(=D15) Pos: D. Diam,: 1.331 (1.328-1.333).
Diamy: 1.270 (1.267-1.272). H: 1.658 (1.655-
1.660). FIW: 0.219-0.220. FIW: 0.208-
0.210. Diama: c. 1.39. Diamga: . 1.31.

C: Dowel hole. X: 18.78 Y: 9.91 Z: 1.34

Blocks 7 (right) and 8 (left).

6. Column drum. Bottom surface, with empo-
lion and 2 dowel holes, slightly broken; top
surface partially broken. Presently upside
down. 14 flutes. Pres. c. 3/4.

(=D16) Pos: B. Diam: 1.421 (1.419-1.423).
Diamy: 1.380 (1.377-1.383). H: 1.472 (1.469-
1.474). FIW: 0.235. FIWy: 0.228. Diam a:
1.492. Diamya: c. 1.445,

C: Empolion. X: 20.35Y:9.28 Z: 1.16




7. Column drum. Edges of the top surface
broken. Empolion and 2 dowel holes. Bottom
surface well preserved. 20 flutes. Rectangular
cutting for an arris repair on the SE side.
Matches with 9 (C-drum). Pres. c. 1/1.

(=D17) Pos: D. Diam,: 1.323 (1.321-1.326).
Diamy: 1.267 (1.263-1.270). H: 1.514 (1.512-
1.516). FIW,: 0.216-0.218. FIW: —. Diamgya:
c. 1.31L.

C: SE Dowel hole. X: 21.35 Y: 11.37 Z: 1.23

Block 9.

9. Column drum. Bottom surface partially
preserved, with empolion and 1 dowel hole,
top surface well preserved with a dowel still in
place. 20 flutes. Presently upside down.
Matches with 7 (D-drum). Pres. c. 9/10.
(=D19) Pos: C. Diamy: 1.375 (1.372-1.378).
Diamy: 1.322 (1.320-1.325). H: 1.668 (1.664—
1.671). FIW,: - FIWy;: 0.218-0.220. Diamya:
1.395. C: Empolion. X: 24.96 Y:9.89 Z: 1.31

10. Column drum fragment. Top surface
partially preserved. 14 flutes. Presently upside
down. Fluting too shallow to be from pronaos
order. Pres. c. 1/3.

Pos: F. Diam,: c. 1.18. H: 0.88. FIW+: 0.189-
0.191. Diam_a: €. 1.24.
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8. Column drum. Top surface with empolion
and 2 dowel holes, edges badly broken; bottom
surface slightly broken. 16 flutes. Pres. c. 9/10.
(=D18) Pos: A. Diam,: 1.458 (1.454-1.462).
Diamy: 1.412 (1.410-1.414). H: 1.465 (1.456-
1.474). FIW_: 0.239. FIWy,: —. Diamia: C.
1.535. Diamya: 1.465.

C: Empolion. X: 22.30 Y: 10.58 Z: 1.09

C: On broken surface, 0.07 m from the S-most
arris. X: 25.86 Y: 11.22 Z: -0.07

12. Column drum fragment. Bottom surface
partially preserved, with empolion and 1 dowel
hole, nothing of the top surface. Presently up-
side down. 11 flutes. Pres. c. 2/5.

Pos: F. H: c. 1.32. FIW,: c. 0.194.

C: Empolion. X: 27.52 Y: 11.59 Z: 0.74

13. Column drum fragment. Bottom surface
partially preserved with remains of empolion
hole, lower surface apparently also. Presently
upside down. 8 flutes. Pres. c. 2/5.

Pos: E. H: 1.5615. FIW,: 0.210-0.211. FIWy:
0.202. C: Empolion. X: 27.24 Y: 9.52 Z: 0.99
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14. Column drum fragment. Probably some-
thing left of the top surface, bottom gone. Pres-
ently upside down. 5 + 4 flutes. Pres. c. 2/5.
Pos: E. H: c¢. 1.10. FIW: 0.200.

C: On broken surface, 0.13 m from the S-most
arris. X: 28.77 Y: 10.75 Z: 0.70

15. Column drum. Bottom surface partially
preserved (with empolion and 1 dowel hole),
top surface slightly better. 15 flutes. Presently
upside down. Cracking on S-side showing the
crystal structure of the marble. Pres. c. 3/4.
(=D23) Pos: C. Diam,: 1.375 (1.372-1.378).
Diamy: 1.337 (1.333-1.340). H: 1.399 (1.394-
1.404). FIW_: - FIW: 0.221. Diama: 1.423.
C: Empolion. X: 28.66 Y: 9.43 Z: 1.06

16. Column drum. Split in two, the other half
is block 17. Small piece left of the top surface
(1 dowel hole), bottom surface almost com-
plete. 11 flutes. Pres. c. 1/2.

Pos: E. H: 1.398. FIW: 0.198-0.199. FIW, : —.
C: Dowel hole. X: 30.30 Y: 9.39 Z: 1.00

17. Column drum. Split in two, the other half
is block 16. Of the top surface a segment of
one third broken off, bottom almost completely
broken (remains of a dowel hole). 13 flutes.
Presently upside down. Pres. c. 1/2.

Blocks 13 (left) and 15 (right).

Pos: E. Diamy: ¢. 1.19. H: 1.398. FIW: 0.199-
0.201. FIW,: —-.
C: Dowel hole. X: 31.76 Y: 11.64 Z: 0.98

18. Column drum fragment. Traces left of
top surface (empolion, no dowel holes), noth-
ing of lower. 18 flutes. Pres. c. 2/5.

Pos: F. Diamy: ¢. 1.17. H: ¢. 1.07. FIW: 0.190.
C: Empolion. X: 32.88 Y: 11.45 Z: 0.35

20. Column drum. Something left of the bot-
tom surface (remains of empolion hole, no
dowel holes), more of the top. 20 flutes. Pres-
ently upside down. Pres. c. 4/5.

(=D27) Pos: E. Diam;: 1.264 (1.260-1.268).
Diamy: 1.212 (1.209-1.215). H: 1.382 (1.372-
1.392). FIW_: c. 0.207. FIWy: c. 0.200.
Diama: c. 1.25.

C: Empolion. X: 36.39 Y: 11.78 Z: 0.62

21. Column drum. Bottom and top surfaces
about half broken; bottom with remains of em-
polion and perhaps of 1 dowel hole. 12 flutes.
Presently upside down. Pres. c. 3/5.

(=D28) Pos: A. Diam,: 1.453 (1.449-1.457).
Diamy: 1.421 (1.417-1.425). H: 1.469 (1.462-
1.474). FIW_: ¢. 0.242. FIW: 0.236. Diama:
1.48. C: Empolion. X: 35.61 Y: 9.62 Z: 1.04
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Block 20.

Block 21.
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Block 22.

Block 24.



22. Column drum. Top surface complete, bot-
tom (2/3 pres.) with empolion and 2 dowel
holes. Presently upside down. Pres. c. 4/5.
(=D29) Pos: F. Diam: 1.214 (1.211-1.217).
Diamy: 1.151 (1.147-1.154). H: 1.320 (1.317-
1.323). FIW_: c. 0.196. FIW;: 0.189-0.190.
Diamja: 1.26.

C: Empolion. X: 35.88 Y: 7.08 Z: 0.94

24. Column drum. Both surfaces partially
preserved, bottom with empolion and 1 dowel
hole. 17 flutes. Presently upside down. Pres. c.
9/10.

(=D30) Pos: B. Diam,: 1.414 (1.412-1.416).

27. Column drum. Partially preserved bottom
surface (with empolion and 2 dowel holes), top
more broken. 14 flutes. Presently upside down.
Pres. c. 3/4.

(=D01) Pos: C. Diam: 1.377 (1.375-1.378).
Diamy: 1.332 (1.328-1.336). H: 1.444 (1.441-
1.446). FIW,: 0.227. FIWy: c. 0.220. Diama:
1.43. C: Empolion. X: 40.82 Y: 0.99 Z: 0.86

29. Column drum. Bottom surface well pre-
served, upper broken. 20 flutes. Pres. c. 1/2.
Pos: E. Diam,: 1.28. H: 0.99. FIW,: 0.208-
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Diamy: 1.376 (1.372-1.380). H: 1.481 (1.477-
1.485). FIW_: —. FIW: 0.228-0.229. Diam_ A:
1.47.

C: Empolion. X: 35.82 Y: 3.45Z: 1.08

25. Column drum fragment. Upper surface
fairly well preserved (empolion and 1 dowel
hole, traces of another), lower broken. 13
flutes. Pres. c. 2/5.

Pos: A. Diamy: ¢. 1.42. H: 0.99. FIW: c.
0.235. Diamya: €. 1.48.

C: On the bottom of the top flute, 0.11 m S of
the N edge. X: 38.76 Y: 0.89 Z: 0.71

Block 27.

0.210. Diam a: ¢. 1.33. C: Approx. Centre of
broken surface. X: 35.93 Y: 0.41 Z: 0.48

30. Column drum fragment. Something pre-
served of lower surface, nothing of upper. 7
flutes. Pres. c. 2/5.

Pos: E/F. H: c. 1.26. FIW: ¢. 0.195.

C: On broken surface above an arris on the N
side 0.03 m of the edge. X: 34.79 Y: 0.88 Z:
0.46
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Block 33.

Blocks 35 (right) and 36 (left).



33. Column drum. Both surfaces with an em-
polion and 2 dowel holes. 20 flutes. Presently
upside down. Fragment at the foot (block 34)
broken off the bottom surface. Pres. c. 9/10.
(=D05) Pos: D. Diam,: 1.328 (1.326-1.329).
Diamy: 1.280 (1.276-1.284). H: 1.480 (1.478-
1.481). FIW: 0.217-0.219. FIWy: c. 0.211.
DiamLA: 1.39.

C: Empolion. X: 35.03 Y: -1.50 Z: 1.10

34. Column drum fragment. Broken off from
block 33. In photograph at the foot of the
drum. Pres. c. 9/10.

C: SW edge, highest point. X: 35.01 Y: -2.21
Z:0.33

35. Column drum. Both surfaces with an em-
polion and 2 dowel holes. 20 flutes. Matches
with 115 (drum E). In the photograph on the
right. Pres. c. 1/1.

(=D06) Pos: D. Diam,: 1.326 (1.322-1.329).
Diamy: 1.269 (1.266-1.271). H: 1.493 (1.491-
1.495). FIW: 0.219. FIW: 0.209-0.211.
Diamya: 1.334.

C: Empolion. X: 35.91Y:-7.49Z:1.10

Blocks 45 (right) and 46 (left).
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36. Column drum. Bottom surface only frag-
mentarily preserved (1 dowel hole), top almost
completely. 20 flutes. Presently upside down.
In the photograph on the left. Pres. c. 2/3.
(=D07) Pos: B. Diam: 1.423 (1.419-1.427).
Diamy: 1.375 (1.371-1.379). H: 1.476 (1.471-
1.481). FIW_: —. FIWy: 0.226-0.227. Diamya:
1.462.

C: Centre point of the edge on the upper sur-
face. X:33.39Y:-79827:1.18

39. Column drum fragment. Something pre-
served of the lower surface, nothing of the up-
per. 5 flutes. Part of the same drum as block
40. Pres. c. 1/6.

Pos: F. H: ¢. 1.00. FIW: c. 0.195.

C:Eend, 0.07 mtoW. X:29.18 Y: -8.59 Z:
0.31

40. Column drum fragment. Something pre-
served of the lower surface, nothing of the up-
per. 6 flutes. Part of the same drum as block
39. Pres. c. 1/5.

Pos: F. H: ¢. 1.10. FIW: ¢. 0.195.

C: NW corner, 0.09 m from W edge. X: 27.08
Y:-8.26 Z: 0.36
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45. Column drum. One fourth of the bottom
surface broken (1 dowel and empolion hole),
top almost complete. 20 flutes. Presently up-
side down. Pres. ¢. 9/10. Photograph on previ-
ous page.

(=D08) Pos: B. Diam,: 1.418 (1.416-1.420).
Diamy: 1.370 (1.365-1.375). H: 1.478 (1.474-
1.482). FIW,: 0.235-0.236. FIW;: 0.227—
0.228. Diam a: 1.494.

C: Empolion. X: 17.61Y:-8.05Z:1.12

47. Column drum. Edges of the top surface
broken, with empolion and 1 complete and 1
partially preserved dowel hole. Bottom almost
complete. 20 flutes. Pres. c. 7/8.

(=D10) Pos: A. Diam,: 1.459 (1.455-1.462).
Diamy: 1.420 (1.418-1.421). H: 1.472 (1.469-
1.475). FIW: 0.241. FIW: —. Diamya: 1.49.
C: Empolion. X: 13.01 Y: -8.29 Z: 1.12

48. Column drum. Edges of the top surface
broken, bottom less preserved. Stands on the
euthynteria. 2 dowel holes and empolion hole.
20 flutes. Pres. c. 4/5.

46. Column drum. Of the top surface less than
half preserved, of the bottom slightly more.
Empolion hole fragmentarily preserved, no
dowel holes. 11 flutes. Pres. c. 3/5. Photograph
on previous page.

(=D09) Pos: C. Diam,: 1.371 (1.368-1.374).
Diamy: 1.322 (1.319-1.325). H: 1.479
(1.475-1.482). FIW,: 0.226-0.228. FIWy:
0.219. Diamya: 1.375.

C: Empolion. X: 16.43Y:-8.11Z:1.14

Block 47.

(=D11) Pos: A. Diam,: —. Diamy: 1.417
(1.412-1.421). H: 1.473 (1.468-1.478).
FIW_: — FIWy: —. Diamya: 1.49.

C: Empolion. X: 9.60 Y: -6.80 Z: 1.37

50. Column drum fragment. Something pre-
served of the lower surface, nothing of upper. 5
flutes. Pres. c. 1/8.

Pos. F. H: 0.70 FIW: c. 0.196.

C: On bottom of 2nd flute from S, 0.15 m from
the preserved surface. X: 4.25 Y: 16.72 Z:
-1.00



Block 51.

51. Column drum. Edges of the bottom sur-
face broken, top very well preserved. Bottom
surface almost half buried to ground, 1 dowel
and empolion hole visible. Top surface faces
N. 20 flutes. Pres. c. 4/5.

(=D72) Pos: A. Diam,: 1.458 (1.455-1.461).
Diamy: 1.422 (1.420-1.423). H: 1.474 (1.472-
1.476). FIW_: —. FIW: 0.234-0.236. Diamya:
1.500.

C: On bottom of top flute, 0.04 m from the
lower surface. X: 6.30 Y: 14.68 Z: -0.73

52. Column drum fragment. Small piece of
upper surface, nothing of the lower. 7 flutes.
Pres. c. 1/6.

Pos. B. H: 1.22. FIW: 0.228. C: Centre of
preserved surface. X: 8.07 Y: 13.93 Z: -0.20

65. Column drum fragment. Top surface
partially preserved, 4 flutes. Pres. c. 1/8.
Pos. A. H: c. 1.15. FIW: 0.237.

C: On the SE corner. X: 22.57 Y: 18.40 Z:
-0.87

66. Column drum fragment. Some remains of
the bottom surface with traces of empolion
hole. 7 flutes. Pres. c. 2/5.

Pos: B. H: 1.24. FIW: 0.236.

C: On the edge above the empolion trace. X:
23.20 Y:18.07 Z: -0.31
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72. Column drum fragment. No attachment
surfaces, but with an oblique secondary cut. 6
flutes. Pres. c. 1/5.

Pos: F. H: c. 1.40. FIW: 0.19. C: SW corner on
top of an arris. X: 28.32 Y: 13.89 Z: -1.13

73. Column drum fragment. Lower surface
partially preserved with a dowel hole. 8 flutes.
Pres. c. 1/3.

Pos: E. H: ¢. 1.30. FIW/_: 0.209.

C: Highest point. X: 29.72 Y: 14.23 Z: -0.97

74. Column drum fragment. Small part of the
top surface preserved, and perhaps something
of the other. 8 flutes. Pres. c. 2/5.

Pos: D. H (complete?): c. 1.40. FIW: 0.218.

C: Highest point. X: 32.33 Y: 14.59 Z: -0.91

75. Column drum fragment. Partially pre-
served top surface with traces of an empolion
and 1 dowel hole. 6 flutes. Pres. c. 1/5.

Pos: E. H: c. 0.80. FIW: 0.202.

C: Empolion. X: 31.19 Y: 15.64 Z: -1.02
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Block 77.

Block 80.



77. Column drum. Both surfaces partially
preserved, the other with traces of an empolion
hole. 10 flutes. Pres. c. 1/2.

(=D75) Pos: F. Diam,: —. Diamy: —. H: 1.631
(1.626-1.636). FIW,: 0.200-0.201. FIW(:
0.191.

C: Highest point. X: 28.11 Y: 15.67 Z: -0.94

79. Column drum. Half of the lower and up-
per surfaces visible. Top surface faces SW. 10
flutes. Pres. c. 1/2.

(=D77) Pos: B. Diamy: 1.426 (1.423-1.429).
Diamy: 1.379 (1.376-1.382). H: 1.482 (1.479-
1.485). FIW: 0.236. FIW,: 0.227.

C: SW side on the bottom of the top flute, 0.04

m from the upper surface. X: 30.19 Y: 18.91 Z:

-1.02
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80. Column drum. Bottom surface almost
complete, top slightly broken. Partially buried.
Bottom faces SE. Probably 20 flutes. Pres. c.
9/10.

(=D78) Pos: D. Diam;: 1.331 (1.329-1.333).
Diamy: 1.271 (1.268-1.273). H: 1.708 (1.706—
1.709). FIW: 0.218-0.219. FIW;: 0.208.
Diama: 1.399. Diamya: 1.333.

C: Highest point, S side on the bottom of the
top flute, 0.01 m from the upper surface. X:
33.85Y:17.72Z:-0.44

87. Column drum fragment. Partially pre-
served top surface with empolion hole. 15
flutes. Pres. c. 2/5.

Pos. F. H: 1.05. FIW: 0.190.

C: Empolion. X: 29.05 Y: 20.28 Z: -0.89

Block 88.

88. Column drum. Both surfaces almost com-
plete. Partially buried. Top surface faces SW.
Probably 20 flutes. Pres. c. 1/1.

(=D80) Pos: E. Diam,: 1.279 (1.277-1.281).
Diamy: 1.216 (1.213-1.218). H: 1.662 (1.660—
1.663). FIW: 0.208-0.209. FIW/: 0.198.

C: Highest point, top of an arris in W end. X:
37.25Y:17.67 Z: -0.51
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89. Column drum. Of the bottom surface only
one fourth and of the top less than half pres-

ently visible. Top faces N. 9 flutes. Pres. c. 1/2.

(=D82) Pos: F. Diam,: 1.215 (1.212-1.218).
Diamy: 1.158 (1.155-1.161). H: 1.331 (1.326-
1.336). FIW,: —. FIW: 0.189-0.190.

C: NW corner. X: 42.71Y:35.97 Z: -1.22

Block 89.

Block 90.

90. Column drum fragment. Drum presently
very fragmentary and largely buried. Clem-
mensen’s measurements cannot be verified. 3
flutes. Pres. c. 2/5.

(=D83) Pos: D. Diam,: 1.326. Diamy: 1.275.
H: 1.415 (1.410-1.420). FIW: — FIW: -

C: Highest point, 0.03 m from a flute. X: 44.86
Y:33.552Z:-1.34



Block 91.

Block 92.

91. Column drum. Half buried, both surfaces
with 1 dowel and empolion hole. Top faces N.
11 flutes. Pres. c. 2/3.

(=D84) Pos: B. Diam,: 1.423 (1.420-1.426).
Diamy: 1.377 (1.374-1.380). H: 1.469 (1.466—
1.472). FIW_: 0.234. FIW: 0.226. Diam a:
1.49. Diamya: 1.443.

C: Bottom of the top flute at NE end. X: 46.94
Y:32.69Z:-1.18

Appendix A: Column Drums A23

92. Column drum. Bottom surface one third
and top less than half buried. Well preserved.
Top with empolion and 2 dowel holes, bottom
with empolion and 1 dowel hole. Top surface
faces NW. Probably 20 flutes. Pres. c. 1/1.
(=D85) Pos: C. Diamy: 1.378 (1.375-1.381).
Diamy: 1.325 (1.322-1.328). H: 1.643 (1.642—
1.644). FIW: 0.226. FIW\: 0.218-0.219.
Diama: 1.451. Diamya: 1.443.

C: Bottom of the top flute at W end. X: 47.70
Y:33.4327:-0.77
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93. Column drum. Bottom surface very
largely broken, of the top two thirds visible.
Both with empolion and 1 dowel hole. Top
faces N. 12 flutes. Pres. c. 4/5.

(=D86) Pos: A. Diam,: —. Diamy: 1.426
(1.422-1.430). H: 1.466 (1.461-1.471). FIW,:
—. FIWy: 0.234-0.236. Diamya: 1.507.

C: Highest point on the arris at NW end. X:
50.70 Y: 31.77 Z: -0.91

Block 93.

Block 94.

94. Column drum. Of the bottom surface only
one third presently visible, of the top more than
half, but largely broken. Top with 1 dowel hole
and empolion hole. Top faces S. 12 flutes.

Pres. c. 2/3.

(=D87) Pos: C. Diam: 1.374 (1.371-1.377).
Diamy: 1.328 (1.325-1.331). H: 1.413 (1.410-
1.415). FIW: 0.227. FIW: 0.220. Diamya:
1.385. C: Highest point on the arris at S end.
X:52.53Y:29.347:-0.70



Block 115.

115. Column drum. Bottom surface edges
broken on the N side, but completely visible.
Top surface one third buried. Matches with
block 35 (drum D). Both surfaces with empo-
lion and 2 dowel holes. Bottom surface faces
NE. 20 flutes. Pres. c. 1/1.

(=D33) Pos: E. Diam,: 1.272 (1.269-1.274).
Diamy: 1.210 (1.208-1.212). H: 1.580 (1.578-
1.581). FIW,: 0.208-0.209. FIWy,: 0.200.
Diama: 1.343. Diamya: 1.270.

C: Bottom of the top flute on NE side, 0.01 m
from the edge. X: 48.42 Y: -0.24 Z: -0.56

121. Column drum fragment. Partially pre-
served bottom surface. 5 flutes. Pres. c. 1%.
Pos: E. H: 0.53. FIW,: 0.212.

C: On bottom of the 2nd flute from W on the S
side. X:45.02Y:-1.63 Z:-1.40

125. Column drum fragment. Partially pre-
served bottom surface with a dowel hole. 5
flutes visible. Pres. c. 1/8.

Pos: D. H: c. 1.15. FIW_: 0.218.

C: SW corner. X: 4247 Y:-3.77 Z: -1.06

Appendix A: Column Drums A25

126. Pronaos column drum fragment. Par-
tially preserved top surface with empolion and
1 dowel hole. 3 flutes. Deep fluting as in the
opisthodomos shaft. Pres. c. 1/10.

H: 0.67. FIWy: 0.183. Diamy: ¢. 1.10 (meas-
ured radius c. 0.549).

C: Highest point. X: 43.56 Y: -4.97 Z: -0.76

129. Column drum fragment. Partially pre-
served bottom surface against the ground. 13
flutes. Pres. c. 1/4.

Pos: F. H: ¢. 0.90. FIW: 0.197.

C: Highest point. X: 45.43Y: -5.87 Z: -0.74
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Block 135.
Block 182.
135. Column drum. Bottom surface edges Diamy: 1.323 (1.320-1.326). H: 1.498 (1.496—
largely broken, but surface completely visible. 1.500). FIW: 0.227. FIW: 0.219. Diama:
Of the top one third broken, 1 dowel and em- 1.449. Diamya: 1.394. C: Top flute, W edge.

polion hole preserved. Bottom surface faces X:49.67 Y:-3.70 Z: -0.39
SE. 16 flutes visible. Pres. c. 9/10.
(=D34) Pos: C. Diam: 1.378 (1.376-1.380).



182. Column drum. Almost complete. Identi-
fication with D31 very likely because it is the
only F drum in the region and it has constant
height: likeliest explanation for the height dif-
ference is a printing error of 10 cm in Dugas et
al. 1924, 133. Top surface with only empolion
(top drum), bottom with empolion and 2 dowel
holes. Bottom faces E. Probably 20 flutes.
Pres. c. 1/1.

(=D31?) Pos: F. Diam,: 1.209 (1.206-1.212).
Diamy: 1.156 (1.154-1.157). H: 1.479 (1.478-
1.480). FIW,: 0.201. FIWy: c. 0.191. Diam a:
1.266. Diamya: 1.189. C: Top flute, 0.02 m of
the W edge. X: 52.63 Y: -14.02 Z: -0.36

318. Column drum fragment. Preserved bot-
tom surface against the ground. 13 flutes. Pres.
c. 1/3. Pos: D. H: 1.16. FIW: 0.218.

C: Approx. centre of the broken top surface. X:

35.44Y:-13.157:-0.03

319. Fragment of a small Doric column. See
p. 5n. 19 and A42 for a drawing. (Norman
1984, 180 incorrectly attributes the block to
lonic order). 6 flutes. FIW: 0.078-0.080.

C: On broken top surface, on top of 3rd flute
from S. X: 31.62 Y:-9.73 Z: -0.80

341. Column drum fragment. 5 flutes. Pres.

Block 363.

Appendix A: Column Drums A27

c. 1/5.

Pos: A/B. H: c. 0.94. FIW: 0.236.

C: Upper surface, approx. centre of the broken
S edge. X: 24.74 Y: -15.07 Z: -0.22

354. Column drum fragment. 3 flutes. Pres.
c. 3%.

Pos: B. H: c. 0.56. FIW: c. 0.230.

C: Highest point. X: 18.63 Y: -16.89 Z: -0.50

356. Column drum fragment. Partially pre-
served bottom surface. 4 flutes. Pres. c. 1%.
Pos: C. H: 0.42. FIW_: 0.228.

C: Highest point on the bottom of the flute. X:
18.48 Y:-17.82 Z: -0.77

363. Column drum. Bottom surface with an
empolion and 1 dowel hole faces S. Top with
an empolion and 2 dowel holes. All edges bro-
ken and arrises very worn. Pres. c. 9/10.
(=D37) Pos: C. Diam: 1.375 (1.372-1.378).
Diamy: 1.338 (1.335-1.340). H: 1.321 (1.318-
1.323). FIW: — FIW;: 0.221.

C: On bottom of the top flute, at S end. X:
16.89 Y: -14.57 Z: 0.33
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369. Column drum fragment. 3 flutes. Pres.
c. 3%. Pos: D? H: 0.85. FIW: 0.220.
C: Highest point. X: 14.89 Y: -12.78 Z: -0.66

379. Column drum fragment. 4 + 3 flutes.
Pres. c. 1/5. Pos: A. H: ¢. 0.82. FIW: c. 0.24.
C: Highest point, approx. centre of the block.
X:9.51Y:-11.37 Z: -0.55

381. Column drum fragment. 2 flutes. Pres.

c. 1%. Pos: ? H: c. 0.35.
C: Highest point. X: 7.45 Y: -13.02 Z: -0.96

389. Column drum fragment. Top surface
partially preserved. 4 flutes. Pres. c. 2%.
Pos: ? H: 0.414. FIW: —.

C: Highest point. X: 9.32 Y: -14.72 Z: -0.62

390. Column drum fragment. 4 flutes. Pres.
. 1%. Pos: E. H: 0.61. FIW: 0.196.
C: On the 2nd arris from bottom, 0.21 m from
N end. X:11.14 Y:-16.06 Z: -0.91

391. Column drum fragment. 4 flutes. Pres.
C. 2%. Pos: B. H: 0.54. FIW: c. 0.233

C: Highest point, S most point. X: 13.25 Y -
15.42 Z: -0.63

Block 395.

394. Column drum fragment. Partially pre-
served surface. 2 flutes. Pres. c. 3%. H: c. 0.34.
C: SE corner, 0.06 m E from the edge. X:
13.96 Y:-18.80 Z: -0.51

395. Column drum. Largely buried, both sur-
faces with an empolion and 1 dowel hole. 14
flutes visible. Bottom surface faces NE. Pres. c.
4/5.

(=D40) Pos: B. Diam,: 1.421 (1.418-1.424).
Diamy: 1.377 (1.374-1.380). H: 1.474 (1.471-
1.477). FIW_: — FIWy: —. Diam_a: 1.465.

C: At the bottom of the flute E of top flute,
0.19 m Nend. X: 6.29 Y: -10.31 Z: -0.25

396. Column drum fragment. 10 flutes. Pres.
c. 1/3. Pos: C?. H: c. 1.64. FIW: ¢. 0.22.

C: On top of the flute facing N, on small bro-
ken ledge. X: 6.24 Y: -12.42 Z: -0.51

397. Column drum. 10 flutes visible. Pres. c.
9/10.

(=D41) Pos: C. Diam_: —. Diamy: —. H: 1.561
(1.556-1.566). FIW_: —. FIWy: 0.219.

C: At the bottom of the top flute, 0.01 m of the
NE surface. X: 4.65 Y:-12.68 Z: -0.17



399. Column drum fragment. Bottom surface
preserved with a dowel hole. 4 flutes. Pres. c.
1%. Pos: E. H: c. 0.33. FIW_: 0.210. C: High-
est point, E end. X: 2.35Y:-9.58 Z: -0.86

401. Column drum. Top surface almost com-
plete, bottom half broken (1 dowel and empo-
lion hole). Top faces S. 16 flutes visible,

Block 397.

Block 401.

Appendix A: Column Drums A29

probably all preserved. Pres. c. 9/10.

(=D38) Pos: E. Diam,: 1.274 (1.271-1.277).
Diamy: 1.216 (1.214-1.218). H: 1.411 (1.408-
1.414). FIW_: —. FIWy;: 0.200. Diama: 1.340.
DiamUA: 1.277.

C: At the bottom of top flute, N end. X: 6.04
Y:-15.65 Z: 0.07
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402. Column drum fragment. Partially pre-
served bottom surface against the ground. 5
flutes. Pres. c. 2%.

Pos: E. H: 0.492. FIW,: 0.210.

C: At the bottom of top flute, S end. X: 5.53 Y:

-15.227:-0.72

410. Column drum fragment. Partially pre-
served bottom surface against the ground. 8
flutes. Pres. c. 1/6.

Pos: E. H: 1.323. FIW,: 0.198-0.199.

C: On cracked S surface, 0.54 m above ground
and 0.57 m from E edge. X: -0.85Y: -14.95 Z:
-0.71

411. Column drum. A slice broken off the top
on the SW side of the drum. Probably pre-
served bottom surface against the ground. 12
flutes. Pres. c. 1/3.

Pos: D. H: c. 1.33. FIW,: c. 0.216.

C: Above the flute facing SW, 0.61 m above
ground level. X: -1.51 Y: -14.89 Z: -0.63

413. Column drum fragment. Probably pre-
served top surface against the ground. 6 flutes.
Pres. c. 1/10.

Pos: A. H: c. 1.29. FIW+: 0.237.

C: On a small ledge on broken SE side, 0.33 m
above the ground. X: -3.06 Y: -16.01 Z: -0.93

414. Column drum fragment. Both surfaces
partially preserved. 4 flutes. Pres. c. 1/5.

Block 415.

Pos: D. H: 1.511. FIW,: c. 0.216. FIW: 0.210.
C: On the bottom of the top flute, S edge. X:
-2.93Y:-15.62 Z: -0.77

415. Column drum. Just slightly more than
half of the both surfaces preserved. Opposite
flutes buried, no new measurement possible. 11
flutes. Pres. c. 1/2.

(=D44) Pos: D. Diam,: 1.326 (1.323-1.329).
Diamy: 1.274 (1.271-1.277). H: 1.447 (1.444-
1.450). FIW: 0.218-0.220. FIW: 0.209.

C: On the bottom of the top flute, NW edge. X:
-2.64Y:-12.24 Z: -0.62

429. Column drum fragment. 3 flutes. Pres.
c. 1%. Pos: B. H: ¢. 0.35. FIW: 0.230.

C: Approx. centre of the block. X: -9.35 Y:
-16.03 Z: -0.94

437. Column drum fragment. 2 flutes. Pres.
c. 1%. H: c. 0.40. C: Approx. centre of the
block. X:-11.57 Y: -16.38 Z: -0.98

452. Column drum fragment. 2 flutes. Pres.
c. 3%. H: c. 0.96. C: Bottom of the top flute, E
end. X: -15.60 Y: -14.23 Z: -0.84

453. Column drum fragment. 5 flutes. Pres.
c. 2%. Pos: B. H: c. 0.60. FIW: 0.234.

C: On broken surface above the 2nd arris from
N. X:-15.32 Y: -12.46 Z: -0.93



Block 454.

454, Column drum. Both surfaces
almost complete. Top faces E. 20
flutes. Pres. c. 1/1.

(=D47) Pos: E. Diam,: 1.268
(1.265-1.270). Diamy: 1.212
(1.211-1.213). H: 1.368 (1.367-
1.369). FIW,: 0.206-0.208. FIWy:
0.199-0.201. Diam; a: 1.336. Dia-
mya: 1.273.

C: Bottom of the top flute, E end. X:

-15.99Y:-11.62 Z: -0.12

455. Column drum. Top of the
drum preserved, bottom completely
broken off. Probably 20 flutes. 1
dowel remaining in original posi-
tion. Pres. c. 1/2.

(=D46) Pos: D. Diam,: —. Diamy:
1.267 (1.264-1.270). H: —. FIW,: —.
FIW: 0.210-0.212. Diamya: 1.341.

C: Bottom of the top flute, N end. X:

-17.53 Y:-13.41Z: -0.05

Appendix A: Column Drums A31

Block 455.
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456. Column drum. Top surface with an
empolion hole, 1 complete and 1 fragmen-
tary dowel hole. 10 flutes. Pres. c. 3/5.
Pos: A. H: c. 1.42. FIW;: 0.236.

C: Empolion. X: -16.54 Y: -16.45 Z: 0.08

457. Column drum fragment. Bottom sur-
face partially preserved with a dowel hole. 6
flutes. Pres. c. 3%. Pos: D. H: c. 0.80. FIW,:
0.218. C: On top surface above the dowel
hole. X: -17.53 Y: -17.33 Z: -0.59

461. Column drum fragment. 3 flutes.
Pres. c. 2%. Pos: D. H: c. 0.58. FIW: 0.214.
C: On top of the N flute. X: -23.87 Y: -
17.72 Z: -0.86

464. Column drum fragment. 3 flutes.
Pres. c. 1%. Pos: E. H: c. 0.35. FIW: 0.205.
C: N corner. X: -20.69 Y: -16.78 Z: -0.77

470. Column drum fragment. 3 flutes.
Pres. c. 1%. Pos: E. H: c. 0.42. FIW: 0.204.
C: Above the N flute, highest point. X:
-18.54 Y: -13.67 Z: -0.86

471. Column drum fragment. 3 flutes.
Pres. c. 1%. Pos: E. H: 0.46. FIW: 0.204.
C: Top arris, highest point. X: -18.27 Y:
-12.49 Z:-1.01

472. Column drum fragment. 2 + 3 flutes
visible. Top and bottom surfaces partially
remaining, bottom with 1 dowel hole. Pres.
c. 1/3. Pos: C. H: 1.55. FIW: 0.226.

C: Highest point. X: -21.66 Y: -14.12 Z:
-0.41

476. Half-column fragment. Fits the upper
part of the Corinthian half column from the
cella. 6 flutes. H: 0.32 FIW: 0.100.

C: E side. X: -25.79 Y: -17.56 Z: -0.93

478. Column drum fragment. Partially
preserved top surface. 3 flutes. Pres. c. 1%.
Pos: F. H: 0.360. FIWy: 0.189.

C: Approx. centre of the fragment. X: -26.40
Y:-16.21 Z: -1.06

483. Column drum fragment. 2 flutes.
Pres. c. 1%. H: c. 0.54. C: Highest point. X:
-20.39 Y: -12.50 Z: -0.80

484. Column drum fragment. Partially
preserved bottom surface. 4 flutes. Pres. c.
1%. Pos: E. H: c. 0.415. FIW,: 0.209.

C: Above the N most flute. X: -20.85 Y:
-12.18 Z: -0.93

486. Column drum fragment. Partially
preserved bottom surface. 9 flutes. Pres. c.
1/3. Pos: E. H: 0.999. FIW,: 0.210.

C: Bottom of the top flute, highest point. X:
-20.35Y:-11.79 Z: -0.41

487. Column drum. Drum broken in two
halves, the other half is drum 495. Bottom
surface mostly preserved with empolion and
2 dowel holes. 5 + 4 flutes. Pres. c. 2/5.

Pos: A. Diam,: c. 1.45. H (combined with
495): c. 1.47. FIW/_: c. 0.240.

C: S edge of the drum, directly above the
empolion. X: -19.14 Y: -11.26 Z: -0.12

490. Column drum. Small fragment of the
of the bottom surface preserved, of the top
slightly more. 7 + 6 flutes. Pres. c. 2/3.

Pos: E. H: 1.438. FIW: 0.198.

C: W edge of the drum, at the NW corner of
the preserved surface. X: -28.17 Y: -9.01 Z:
-0.87

492. Column drum. Bottom surface half
visible (1 dowel and empolion hole), top
almost complete. Top faces E. 14 flutes.
Pres. c. 9/10.

(=D51) Pos: D. Diam,: 1.321 (1.318-
1.324). Diamy: 1.268 (1.266-1.270). H:
1.448 (1.446-1.450). FIW,: 0.215-0.217.
FIWy: 0.209. Diamgya: 1.335.

C: Top arris, Eend. X: -27.11Y:-7.12 Z:
-0.37

495. Column drum. Drum broken in two
halves, the other half is drum 487. Top sur-
face mostly preserved with empolion and
dowel hole. 5 + 3 flutes visible. Pres. c. 1/2.
Pos: A. Diamy: ¢. 1.42. H (combined with
487): c. 1.47.

C: NE edge of the drum, directly above the
empolion. X: -19.48 Y: -8.02 Z: -0.22
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497. Column drum. Both surfaces badly Pos: E. Diam,: 1.268 (1.265-1.271). Diamy:
broken, but measurements possible to take 1.218 (1.215-1.221). H: 1.347 (1.344-
(both with 1 dowel and empolion hole). Top 1.350). FIW,: 0.208. FIW,,: 0.198.

surface faces E. 8 flutes visible. Pres. c. 2/3. C: Empolion. X: -22.55 Y: -3.00 Z: -0.85
Block 492.

Block 497.
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Block 498.

Block 506.



Block 507.

498. Column drum. Top surface less than half
preserved, bottom more than half. Both with
empolion and 1 dowel hole. Bottom faces N.
13 flutes visible. Pres. c. 4/5.

Pos: B. Diam: 1.420 (1.417-1.423). Diamy:
1.370 (1.367-1.373). H: 1.484 (1.481-1.486).
FIW,: 0.233-0.235. FIW: 0.227-0.235.
Diama: 1.478.

C: S edge of the drum, directly above the em-
polion. X: -24.37 Y: -5.40 Z: -0.13

502. Column drum fragment. Top surface
partially preserved with empolion but no dowel
holes. 3 flutes visible. Pres. c. 1/10.

Pos: F. H: c. 0.45. FIWy: 0.190.

C: Empolion. X: -31.99 Y: -5.20 Z: -0.90

506. Column drum. Both surfaces well pre-
served. Bottom faces NE. Pres. c. 1/1.

Pos: C. Diam: 1.379 (1.377-1.380). Diamy:
1.329 (1.327-1.330). H: 1.510 (1.508-1.512).
FIW,: 0.225-0.228. FIW: 0.218-0.221.
Diama: 1.454. Diamya: 1.400.

C: Bottom of the top flute, N edge. X: -27.06
Y:-142Z7:-0.14

Appendix A: Column Drums A35

507. Column drum. Top surface well pre-
served (with only empolion; top drum), bottom
mostly broken (no holes). Top faces SW.
Probably 20 flutes. Pres. c. 4/5.

(=D53) Pos: F. Diam,: 1.206 (1.202-1.210).
Diamy: 1.155 (1.152-1.158). H: 1.349 (1.343-
1.353). FIW,: 0.199-0.200. FIW,: 0.190-
0.191. C: Bottom of the top flute, NE edge. X:
-29.48Y:-2.457:-0.37

509. Column drum. Bottom surface com-
pletely preserved. Probably 20 flutes. Pres. c.
2/3.

Pos: F. Diam,: 1.220. H: 0.951. FIW,: 0.200-
0.201.

C: Bottom of the top flute, SE edge. X: -31.24
Y:-2.48 Z: -0.39

510. Column drum. Built partly into a wall.
Possibly both surfaces nearly complete. Bot-
tom faces NE. Pres. c. 9/10.

Pos: E. H: 1.522. FIW,: 0.208-0.209. FIW/:
0.199-0.200.

C: Bottom of the top flute, S edge. X: -32.44
Y:-1.28 Z: -0.42
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Block 529.

Block 533.



511. Column drum fragment. 5 flutes. Pres.
c. 1/10. Pos: A. H: 0.996. FIW: c. 0.237-0.238.
C: N end of the top arris. X: -29.73Y: -1.63 Z:
-0.86

512. Column drum. Top surface preserved. 20
flutes. Pres. c. 2/3.

Pos: B. H: c. 1.01. FIW+: 0.228-0.230.

C: Approx. centre of the broken upper surface.
X:-28.44Y:-0.74 Z: -0.52

523. Column drum fragment. Top surface
1/4 preserved with empolion cutting, bottom
very fragmentarily preserved. 6 flutes. Pres. c.
1/4.

Pos: A. H: 1.474. FIW+: 0.236.

C: Bottom of the top flute, N edge of the pre-
served surface. X: -17.24 Y: 1.55 Z: -0.44

525. Column drum fragment. Top surface
partially preserved. 8 flutes. Pres. c. 1/5.

Pos: A. H: c¢. 1.305. FIW;: 0.236.

C: Upper surface, above the NW most arris. X:
-14.74 Y: 0.62 Z: -0.04

527. Opisthodomos column drum. Bottom
surface preserved empolion cutting and dowel
hole. Fluting too deep for exterior order (depth
34 mm, in ext. order with same flute width the
depth is c. 26-27 mm). 6 flutes. Pres. c. 1/2.
H: 1.236. FIW: 0.201.

C: Bottom of the top flute, N edge. X: -14.15
Y: 255 Z:-0.26

528. Opisthodomos column drum. Top sur-
face against the ground, probably completely
preserved. 20 flutes. Pres. c. 2/3.

Diamy: 1.150. FIW,,: 0.190-0.193.

C: Highest point, NW corner. X: -13.93 Y:
4.187:-0.10

529. Column drum. Bottom surface almost
complete, a small segment broken off the top
surface. Both with empolion and 2 dowel
holes. Bottom surface faces N. Apparently 20
flutes. Pres. c. 1/1.

Pos: B. Diam,: 1.418 (1.416-1.420). Diamy:
1.376 (1.374-1.378). H: 1.473 (1.470-1.475).
FIW_: 0.232-0.234. FIW: 0.226-0.228.
Diama: 1.490. Diamya: 1.445.

C: Bottom of the top flute, N edge. X: -15.40
Y: 3.35Z: -0.06

Appendix A: Column Drums A37

533. Column drum. Edges of the top surface
broken, a small segment broken off the top
surface. Both with 2 dowel holes and empolion
(other dowel hole on bottom partially broken).
Top faces SE. Apparently 20 flutes. Pres. c.
1/1.

Pos: E. Diam,: 1.274 (1.272-1.276). Diamy:
1.223 (1.221-1.225). H: 1.356 (1.354-1.358).
FIW,: 0.209-0.210. FIW: c. 0.200. Diam;a:
1.339. Diamya: 1.280.

C: Bottom of the top flute, NW edge. X: -22.17
Y:1.482:-0.19

536. Column drum fragment. Bottom surface
partially preserved. 3 flutes. Pres. c. 4%.

Pos: A. H: c. 0.79. FIW,_: 0.239.

C: Highest point next to the preserved top sur-
face. X: -28.64 Y: 0.96 Z: -0.84

538. Column drum fragment. Top surface
partially preserved with dowel hole. 3 flutes.
Pres. c. 2%.

Pos: A. H: 0.504. FIW+: 0.234.

C: S end of the top arris. X: -30.47 Y: 2.80 Z:
-0.90

541. Column drum fragment. Bottom surface
partially preserved. 6 flutes. Pres. c. 1/6.

Pos: B. H: 0.595. FIW,: 0.233.

C: Bottom of the top flute, SW end. X: -23.79
Y:2.47 Z:-0.75
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Block 542.

Block 544.



Block 561.

542. Column drum. Anathyrosis rim broken
on both surfaces. Top surface with only empo-
lion hole (top drum), bottom with 1 dowel and
empolion hole. 11 flutes. Pres. c. 2/3.

(=D65) Pos: F. Diam,: 1.220 (1.218-1.222).
Diamy: 1.154 (1.151-1.157). H: 1.500 (1.497-
1.505). FIW,: 0.198-0.201. FIW,: 0.189—
0.192. C: Bottom of the top flute, NW end. X: -
22.43Y:3452Z:-0.74

544. Column drum. Bottom surface well pre-
served (empolion and 2 dowel holes), edges of
the top surface broken (top drum, only empo-
lion hole). Bottom surface faces S. Apparently
20 flutes. Pres. c. 1/1.

(=D66) Pos: F. Diam: 1.215 (1.213-1.217).
Diamy: 1.158 (1.155-1.161). H: 1.484 (1.479-
1.488). FIW,: 0.199-0.200. FIW,: 0.190-
0.192. Diam_ a: 1.275. Diamya: 1.209.

C: Bottom of the top flute, S end of the pre-
served surface. X: -24.81Y:4.32 Z: -0.23

555. Opisthodomos column drum. Edges of
the top surface partially broken, otherwise both
surfaces fairly complete with empolion and 2

Appendix A: Column Drums A39

dowel holes. Apparently 20 flutes. Pres. c. 1/1.
Diam,: 1.094. Diamy: 1.043. H: 1.547. FIW:
0.179-0.183. FIW: 0.172-0.173. Diam:
1.164. Diamya: 1.105.

C: Bottom of the top flute, SE end. X: -14.46
Y:9.292:-0.21

560. Column drum fragment. Bottom surface
probably pres. against the ground. 4 + 5 flutes.
Pres. c. 2/5. Pos: A. Diam,: c. 1.44. H: c. 0.98.
FIW,: 0.242-0.244.

C: On broken surface, on top of W most flute.

X:-15.15Y:12.80 Z: -0.53

561. Column drum. A small segment broken
off the top surface (empolion and 2 dowel
holes), bottom badly broken (empolion and
dowel hole). Top faces W. 16 flutes. Pres. c.
3/4.

Pos: B. Diam: 1.417 (1.414-1.420). Diamy:
1.374 (1.371-1.377). H: 1.477 (1.475-1.479).
FIW,: 0.234. FIW: 0.226-0.227. Diamya:
1.447. C: On bottom of top flute, W end. X: -
16.80 Y: 14.06 Z: -0.05
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Block 563.

Block 564.



563. Column drum. Drum slightly more
than half preserved. Top with empolion
and 2 dowel holes, bottom with empolion
and 1 dowel hole. Top faces S. 13 flutes.
Pres. c. 1/2.

(=D70) Pos: B. Diam,: 1.418 (1.416-
1.420). Diamy: 1.377 (1.374-1.380). H:
1.478 (1.476-1.480). FIW,: 0.234. FIW,;:
0.225-0.228. Diam a: 1.490. Diamya:
1.452.

C: On bottom of top flute, N end. X: -14.28
Y: 15.86 Z: -0.54

564. Column drum. Top surface one
fourth buried, but apparently complete
(empolion and dowel hole), edges of the
bottom broken, otherwise complete (empo-
lion and 2 dowel holes). Bottom faces SE.
Probably 20 flutes. Pres. c. 1/1.

(=D71) Pos: A. Diam: 1.455 (1.452-
1.458). Diamy: 1.416 (1.413-1.419). H:
1.472 (1.469-1.474). FIW_: —. FIW\:
0.233-0.235. Diamga: 1.52. Diamya:
1.471.

C: On bottom of top flute, NW end. X: -
9.37Y:17.04 Z: 0.04

727. Column drum fragment. 7 flutes.
Pres. c. 2%. Pos: F. H: c. 0.29. FIW: 0.194.
C: Highest point above the flute facing N.
X:50.70 Y: -27.38 Z: -0.22

741. Column drum fragment. 5 flutes.
Pres. c. 1/10. Pos: D/E. H: c. 0.83. FIW:
0.211.

C: NE corner of the broken top surface. X:
47.99Y:-24.4527:-0.31

743. Column drum fragment. Top sur-
face partially preserved. 6 flutes. Pres. c.
1/5.

Pos: D. H: 1.31. FIWy: 0.210.

C: Bottom of the top flute, E end. X: 49.68
Y:-23.97 Z: -0.47

807. Column drum fragment. 4 flutes.
One surface with dowel hole and empolion
cutting partially preserved, but too little
remains to determine whether it is the top
or bottom. Fluting too shallow for porch
order. Pres. c. 1/4. Pos. F. H. c. 1.23. FIW:
c. 0.193.

C: Highest point. X: 20.41Y:19.92 Z: -
1.16

Appendix A: Column Drums A4l

Block 809.

809. Column drum. Top surface one third buried
but probably complete (empolion and 2 dowel
holes). Bottom more than half broken with 1 dowel
hole. Arris repaired on the top flute and also at the
NE corner of the drum a rectangular cut for arris
repair (see p. 29). 14 flutes. Pres. c. 4/5.

Pos: C. Diam: 1.365 (1.360-1.370). Diamy: 1.332
(1.330-1.334). H: 1.457 (1.454-1.459). FIW/:
0.226. FIWy: 0.219-0.220. Diamya: 1.405.

C: Bottom of the top flute, N end. X: 19.41Y:
22.317:-1.07

813. Pronaos column drum fragment. 3 flutes.
Fluting seems shallower than in the other porch
order drums, but this could be due to broken ar-
rises. Pres. ¢. 1%.

H (visible): c. 040. FIW: 0.178.

C: Bottom of the top flute, W end. X: 20.48 Y:
33.31Z:-1.05
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319. Fragment of a small Doric column.

Scale 1:5. On the block, see p. A27.
Drawing by A. Hooton based on a field-drawing by J. P.
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Schematic Drawings of Empolion and Dowel Holes
Scale 1:30 (original scale 1:25)

Drums A — Top Surfaces
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Drums A — Top Surfaces
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Drums B — Bottom Surfaces
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Drums B — Bottom Surfaces
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Drums B — Top Surfaces
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Drums B — Top Surfaces
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Drums C - Bottom Surfaces
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Drumns C — Bottom Surfaces
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Drums C — Top Surfaces
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Drums C - Top Surfaces
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Drums D - Bottom Surfaces

Block 5

8,
° gor vot
Block 33
18 14
7% %4
® %

& %
3 2
® 2

< N

Y H
<°
Bor wot

Block 80

Appendix A: Column Drums A53

18 1A
® 4
éb Yy
§ %
8 ¢
2 2
\4
?_ BN
& £
88 4o \5\
gor VOV

Block 7

Block 35
18 1A
7 — %4
® %
& L%
2 ) L%
m—u 5 = < ;
@ P2
fle) i )
e o
A -7‘\.\ ‘//
B St R
g T ®
¢ gor VOV
Block 492



A54  The Temple of Athena Alea at Tegea

Drums D — Top Surfaces
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Drums E — Bottom Surfaces
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Drums E — Bottom Surfaces
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Drums E — Top Surfaces
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Drums E — Top Surfaces
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Drums F ~ Bottom Surfaces
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Appendix B: Capitals

Measurements taken between preserved surfaces underlined.

For general abbreviations, see p. iii.

For abbreviations used for capitals, see also Fig. 12 (p. 33).
Trachelion height includes the height of the relieving edge.
All photographs by J.P.

C Co-ordinates of the block
DiamEch,.x Maximum diameter of the echinus
DiamEch, Lower diameter of the echinus
DiamAnn, Lower diameter of the annulets
Diamp Diameter at the arrises

Diam Diameter at the bottom of flutes

Appendix B: Capitals Bl

26. Capital. Abacus top and bottom surfaces largely preserved and partially 1 vertical abacus sur-
face. No echinus profile. Greatest remaining abacus dimensions: c. 1.20 x ¢. 1.19 m. Lower sur-
face with an empolion hole (0.13 x 0.13 m), upper with 4 dowel holes. Pres. c. 3/4.

H: 0.588.

C: On broken surface, 0.04 m S of the edge of the 45° surface. X: 39.82 Y: 0.93 Z: 0.57

Block 28.

28. Capital fragment. Something left of the surface attaching it to the column with remains of an
empolion hole, 5 flutes. Full profile of the echinus, part of one side of the abacus. Pres. c. 2/5.

H: 0.589. AbH: 0.244. FIW: 0.189.
C: Empolion. X: 42.16 Y: 0.79 Z: -0.03

57. Capital fragment. Echinus and annulet profile preserved, abacus slightly on 1 side. Pres. c.

1/10.
H: 0.45.
C: On abacus at the SW side. X: 19.58 Y: 14.54 Z: -1.25
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Block 86.

69. Capital fragment. Only abacus top accessible. Pry mark and dowel hole fit a capital. Surface
ca. 1.30 x 0.75. Pres. c. 2/5.

H: 0.609.

C: On W dowel hole. X: 27.18 Y: 19.07 Z: -1.24

86. Capital. About half preserved, but no empolion on the bottom surface. Trachelion with 7
flutes. Pres. c. 1/2.

EchH: 0.160. AnnH: 0.047. TrachH: 0.140. FIW: 0.189-0.190 (2 flutes).

C: Highest point. X: 30.35 Y: 21.04 Z: -1.08

109. Capital. No abacus vertical profile preserved. Full height probably preserved, bottom against
the ground. Pres. ¢. 1/2. 1.40 x 0.95 x ¢. 0.55 m.
C: On top of abacus, W side, 0.50 m from the N side. X: 55.91 Y: -1.46 Z: -1.15

133. Capital. Abacus fragmentarily, otherwise full profile preserved. 3 pry marks, 1 dowel hole
on abacus top. Pres. c. 4/5.

H: 0.597. AbH: 0.243. EchH: 0.167. AnnH: 0.046. TrachH: 0.140. FIW: 0.187-0.188 (5 flutes).
AbW: ca. 1.624. DiamEch,,: 1.588. DiamEch,: 1.288. DiamAnn,: 1.234. Diama: 1.196.
Diam: 1.148.

C: Highest point. X: 46.53 Y: -7.37 Z: -0.60

143. Capital fragment. Small part of the echinus profile and annulets preserved. Pres. c. 5%.
H. 0.588.
C: Highest point. X: 41.35Y:-7.58 Z: -1.00

276. Capital. No abacus vertical surface preserved. Total profile preserved, but not measurable
due to conglomerate block next to the capital. Upside down. Pres. c. 9/10.

H: 0.593. Diama: 1.206. Diam: 1.151. FIW: 0.189-0.191 (20 flutes).

C: Empolion. X: 31.28 Y: -21.88 Z: -0.48
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Block 133.

Block 276.

320. Capital fragment. Corner of abacus and part of echinus preserved. Pres. dimensions of the
abacus 1.12 x 0.49. Pres. c. 1/8.

H:c. 0.48.

C: SE corner. X:31.82 Y:-11.49 Z: -0.88
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Block 514.

Block 516.

340. Pronaos capital. Dugas PI. 57. Pres. c. 4/5. FIW: c. 0.165.
C: Empolion. X: 26.73 Y: -16.43 Z: -0.66

384. Capital. Only small part of the profile with annulets preserved. Bottom with empolion. Max.

Pres. dimensions c. 1.35 x 0.98. Pres. c. 3/5. H: 0.588.
C: Empolion. X: 7.19Y: -14.76 Z: -0.72
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Block 520.

501. Capital. All corners of abacus broken, otherwise complete. See Fig. 13 on p. 36 for drawing
(Dugas et al. 1924, pl. 35; measurements slightly different, the ones adopted from this plate are in
italics in the list below). Abacus top straight, no angle for horizontal curvature adjustment. Pres. c.
1/1.

H: 0.590. AbH: 0.247 (S face, 0.246 on E and N). EchH: 0.161. AnnH: 0.046. TrachH: 0.136.
FIW: 0.190.

AbW: 1.610 (NS axis, 1.615 EW). DiamEch: 1.590. DiamEch, : 1.302. DiamAnn, : 1.246.
Diama: 1.209. Diam: 1.158.

C: SW corner. X: -30.77 Y: -6.40 Z: -0.82

514. Capital. Abacus vertical faces completely broken, otherwise almost complete. Empolion
cutting 0.105 x 0.11. Pres. c. 4/5.

EchH: 0.159. AnnH: 0.044. TrachH: 0.139. FIW: 0188-0.191 (12 flutes).

DiamEchya: 1.599. DiamEch,: 1.307. DiamAnn,: 1.253. Diama: 1.209. Diam: 1.155.

C: Empolion. X: -23.96 Y: -0.70 Z: -1.00

516. Capital. No abacus corners preserved. Pres. c. 1/2.

H: 0.592 (E side, 0.595 on S). AbH: 0.250 (E side, 0.246 on S). EchH: 0.159. AnnH: 0.047.
TrachH: 0.136. FIW: 0.190.

C: Empolion. X:-19.25Y: -1.76 Z: -0.83

520. Capital. Broken on 3 sides, one with full profile. 2 pry marks and 1 dowel hole. Pres. c. 1/2.
H: 0.602. AbH: 0.251. EchH: 0.165. AnnH: 0.047. TrachH: 0.139. FIW: 0.190.
C: E of the W pry mark. X: -16.44 Y: -0.33 Z: -0.75
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Block 539.

Block 562.

539. Capital. Almost complete. Abacus top with 3 pry marks and 2 dowel holes. Top surface
straight, no angle for adjustment of horizontal curvature. Pres. c. 1/1.

H: 0.609. AbH: 0.243. EchH: 0.160. AnnH: 0.050. TrachH: 0.139. FIW: 0.189-0.191 (4 flutes).
AbW: 1.615 (NS axis, 1.609 EW). DiamEcha: 1.599. DiamEch,: 1.313. DiamAnn,: 1.255.
Diam: 1.165. C: S of the S pry mark. X: -26.39 Y: 2.29 Z: -0.88

562. Capital. From the corner: band at the edge goes over corner, dowels not parallel but at a
straight angle to each other. One corner of abacus largely broken, otherwise almost complete. See
also Fig. 14 (Dugas et al. 1924, pl. 35; measurements adopted from this plate are in italics in the
list below), profile in Fig. 12 on p. 33. Abacus top surface faces N. Pres. c. 9/10.

H: 0.590 (top, 0.589 W, 0.591 E). AbH: 0.248 (top, 0.246 W, 0.247 E). EchH: 0.158. AnnH:
0.046. TrachH: 0.138. FIW: 0.189-0.190 (2 flutes).

AbW: 1.616 (top to bottom, 1.609 EW). DiamEch,s: 1.604. DiamEch,: 1.312. DiamAnn,: 1.254.
Diama: 1.213. Diam: ca. 1.160.

C: SW corner of the top side of abacus. X: -14.34 Y: 13.60 Z: -0.29
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Appendix C: Architrave and Frieze Blocks

Catalogue of Architrave and Frieze Blocks Diagnostic of Horizontal Curvature

Measurements taken between preserved surfaces underlined.

For general abbreviations see p. iii.

Drawings of blocks 503 and 531 by P. Pakkanen (1995), and of blocks 1, 159, 431, 489, and 534
by M. Clemmensen (1912). Angle measurements added on these by J. P.

C  Co-ordinates of the block

.
1

: ' :
k-~ 1 LIS—

1. Architrave block, from corner. Dugas et al. 1924, pl. 38. Block adjusted for horizontal curva-
ture: the angle between the N lateral surface below the taenia and regula and the top surface of the
block is 90.4° (3 mm in 0.47 m). The other vertical face (W) is at a straight angle to the top of the
block. Photographs of the angle measuring procedure on the next page.

W: 0.786. L: 1.568. Taenia H: 0.093 (at the corner), 0.096 (at 0.50 from corner).

C: Dowel hole, W-most. X: -12.84 Y: 12.07 Z: 0.13

84. Frieze block fragment. Upper part of a triglyph with a small trace of the metope. Metope
taenia slightly preserved. Anathyrosis on the lateral surface. Dowel holes on the top. Angle be-
tween top and lateral surfaces 89.8° (2 mm in 0.47 m), adjusted for horizontal curvature.

H: c. 0.82. W: c. 0.86 (on triglyph). L: 0.82. Triglyph W: 0.71. Metope taenia H: 0.11.

C: On W side, 0.18 m from upper surface and 0.04 m from lateral side. X: 32.33 Y: 20.46 Z: -1.26

Ao a0e

k—- 0345 ~--4

159. Architrave block. Dugas et al. 1924, pl. 39 A (pre-
served bottom surface only 0.145 m long, not 0.20 as in the
drawing). Adjusted for horizontal curvature: angle between
top and lateral surfaces 89.8° (3 mm in 0.715 m).

C: SW corner. X:43.10Y: -16.10 Z: -0.45
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1. Architrave block, from corner. Measuring the angle. The line drawn on the metal square
(right) enhanced. (Photographs by P. Pakkanen, 1995.)

329. Architrave block. Exterior upper edge broken, not possible to determine whether inner or
exterior architrave. Lateral surface with anathyrosis preserved. Top with 1 dowel hole, 1 cutting
for clamp and 1 pry mark. Angle between lateral and top surfaces is 90.8° (6.5 mm in 0.47 m).
Angle between bottom and lateral surfaces cannot be directly measured, but from height meas-
urements it can be calculated as 89.4°.

H (on the front of the block): 0.969. W: 0.700. L: 1.58.

C:Nend. X:30.46 Y: -13.73 Z: -0.19

362. Frieze block. Angle between top surface and lateral triglyph face 90°.
H: c. 0.72. W: c. 0.96 (on metope). L: 1.774.
C: Highest point, 0.08 m from N end. X: 16.89 Y: -15.74 Z: -0.09
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m:;ﬁ"ﬂ’ i

431. Frieze block from the corner. Dugas et al. 1924, pl. 43. Angle between the short side

triglyph and top surface 90°.
C: NW corner. X: -9.68 Y: -14.24 Z: -0.26

482. Inner architrave block. Top surface with 1 dowel hole, 2 cuttings for clamps, and 1 pry
mark. Back and lateral surfaces with anathyrosis. Angle between the lateral anathyrosis rim and
top surface 90°. Most probably matching with exterior architrave 503 (clamp cuttings, angle at the
corner).

H (at the back): 0.961. W: 0.705. L: 1.23.

C: W cutting for clamp. X: -25.27 Y: -12.66 Z: -0.67

- R e T

k\‘

e

——

SN

489. Frieze block. Dugas et al. 1924, pl. 41. The only measurable angle 90° (top corner of the
metope). Top surface straight. No adjustment for horizontal curvature.
L (from metope edge to anathyrosis face): 1.815. L (from metope edge to side of the triglyph):

1.826.
C: Scorner. X:-25.84 Y:-11.60 Z: -0.38
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0.982

}L H: 0.962

503. Architrave block. Taenia almost completely broken off. Top, front and bottom smooth, pre-
served lateral and back surfaces with anathyrosis. Angles between top and lateral surfaces and
between lateral and bottom surfaces both 90°, but bottom surface is not straight (height of the
block slightly varying). On the bottom a groove marking the edge of the abacus at 0.812-0.820 m
from the end of the block (goes in 0.315 m from the face of the block, then disappears).

H: 0.962 (at 0.40 from the lateral surface of the block), 0.964 (at 0.81). W: 0.719. L: 1.32.

Taenia H: 0.090.

C: E corner. X: -28.01 Y: -4.53 Z: -0.80

0.962

t 90.3;
H: 0.952

531. Architrave block. Traces of 3 guttae and taenia. Top, front and bottom surfaces smooth,
lateral and back surfaces with anathyrosis rim. Angle between bottom surface and lateral side
90.2° (3 mm in 0.76 m). Top surface edge broken, so the angle cannot be directly measured, but
on the basis of the height measurements it is 89.8°.

H: 0.962 (right end of the block), 0.962 (at 0.72 in from the end). W: 0.720. L: 1.31.

Taenia H: 0.093.

C: SW corner. X: -19.97 Y: 3.20 Z: -0.73
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534. Frieze block. Dugas et al. 1924, pl. 42. Angle between the frieze lateral surface and the top
of the block 90.2° (2 mm in 0.470 m). Adjusted for horizontal curvature.
C: SW corner. X: -25.55 Y: 0.63 Z: -0.90

794. Frieze block fragment. Metope taenia preserved. Angle between top surface and lateral
metope surface 89.7° (4 mm in 0.82 m).

H:c.0.71. W: c. 0.89. L: c. 1.11. Metope taenia H: 0.112.

C: NW corner. X:12.32'Y: 23.19 Z: -0.93
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Appendix D: Capital and Column Measurements Used
in Architectural Comparison

General abbreviations used in the appendix are listed on p. iii.
All measurements in meters.

Table D1. Capital measurements.

CapH AbW Diampa AbH EchH
Bassali, t. of Apollo (type A) 0.534 1.229 0.927 0.204 0.172
Bassai, t. of Apollo (type B) 0.534 1.180 0.900 0.204 0.172
Bassali, t. of Apollo (type C) 0.501 1.172 0.900 0.190 0.153
Argive Heraion, second t. of Hera 0.560-565 1.369 c.1.01  0.228-234 0.169
Delphi, tholos 0.353 0.893 0.671 0.142 0.097
Epidauros, t. of Asklepios 0.304 0.811 0.606 0.122 0.083
Delphi, 4th cent. t. Apollo 0.725 1.910 1.384 0.31 0.175
Delphi, 4th cent. t. Athena 0.362 0.967 0.725 0.143 0.095
Epidauros, tholos 0.38 1.02 0.75-0.77  0.159 0.105
Megalopolis, Thersilion 0.385 1.05 0.80 0.16 0.10
Nemea, t. of Zeus 0.624 1.76 1.307 0.250 0.166
Stratos, t. of Zeus 0.505 1.36 1.00 0.202 0.136
Olympia, Metroon 0.345 0.890 0.65 0.14 0.096

Table D2. Column measurements.
ColH ShaftH Diam_, Diam_ Diamyax Diamy FIW_ FIWy Ent, EntH

A. 5959 5425-58 1.112 1.041 0.900 0.853 0.173 0.140 - -
B. 7.10-43 6.60-92 c¢.1.308 1.226 «c.1.011 0965 0.205 0.158
C. 593 5.58 0.868 0.812 0.671 0.642 0.136 0.105 0.005 3.0
D. 935 8.99 1.716 1.384 1.286 0.268 0.217
E. 5282 492 0.893 0.818 0.725 0.669 0.140 0.113 0.004 2.6
F. 69/ 65/ 0.998 0944 0.772/ 0.740/ 0.156 0.121/ 0.01 3.4

75 7.1 0.750 0.718 0.117
G. 9.544-80 8.952-77 1.55 1.46 1.21 1.15 024 019 0.011 4347
H. 386 3.64 0.556 0.458 0.087 0.72  0.008 2.0
|

10.33  9.70 1.63 1.52 1.307 1.245 0.255 0.204 0.013 4.6
J. 79?7 747 1.31 1.22 1.00 0.96 0.205 0.156

A.Bassali, t. of Apollo (not frontal)
B. Argive Heraion, Second t. of Hera
C. Delphi, tholos

D. Delphi, 4th cent. t. Apollo

E. Delphi, 4th cent. t. Athena

F. Epidauros, tholos (11/12 drums)
G.Tegea, t. of Athena Alea

H. Delphi, treas. of Kyrene

I. Nemea, t. of Zeus

J. Stratos, t. of Zeus
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Table D3. Sources of measurements.

Sources

Bassali, t. of Apollo

Argive Heraion, 2nd t. of Hera

Delphi, tholos

Epidauros, t. of Asklepios

Delphi, 4th cent. t. Apollo

Delphi, 4th cent. t. Athena

Epidauros, tholos

Tegea, t. of Athena Alea
Delphi, treasury of Kyrene

Megalopolis, Thersilion

Nemea, t. of Zeus

Stratos, t. of Zeus
Olympia, Metroon

Cooper 1992, pls. 20 and 40. Cooper 1996, 184, 229—
230.

Pfaff 1992, 123-125, 130-131.; see also n. 51 on p. 73.
Charbonneaux—Gottlob 1925, 4-5, pl. 4; Amandry—
Bousquet 1940-41, 125 n. 2 (ColH, Diamy ). FIWs cal-
culated. For entasis, see Pakkanen 1997, 324-326.
Roux 1961, 93 and 410-411. Only CapH given, rest
calculated from tables on pp. 410-411 and checked by
measuring from fig. 16.

Courby 1927, 17, figs. 11, 16, 17. AbH and EchH
measured from fig. 17 and checked from Coulton 1979,
tables 18 and 19. On ColH, DiamLA, and entasis, see
Ducoux 1940-41, 267.

Michaud 1977, 31-36. FIWs calculated. For entasis, see
Pakkanen 1997, 326.

Roux 1961, 138-140 and 410-411. AbW, AbH, and
EchH calculated from tables on pp. 410-411 and
checked by measuring from fig. 16. For ColH, ShaftH,
Diamya, and entasis, see Pakkanen 1997, 327-329.
FIWs calculated.

New dimensions.

Bousquet 1952, 46-48; For entasis, see Pakkanen 1997,
332-334.

Gardner et al. 1892, fig. 18. AbW and AbH given, oth-
ers measured from fig. 18; CapH and EchH checked
from Coulton 1979, tables 16 and 19.

Hill 1966, 9-10, pls. 13 and 27. EchH measured from
pl. 27. For entasis of the pronaos column, see Pakkanen
1997, 334-336.

Courby—-Picard 1924, 25-29. FIWs calculated.

Adler et al. 1892, 37, pl. 26. CapH measured from pl. 26
and checked from Coulton 1979, table 16.
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Appendix E: Computer Programs

The programs used in the analyses have been written especially for the purposes of shaft analysis,
and they have been implemented on top of MS-DOS program Survo 84C." Survo is an open sys-
tem which provides very good tools for graphics, report generating, statistical analysis, and data-
base management, and it also supports extensions made by the user. Both sucros (Survo or super
macros) and additional modules written in C language have been used.” The output of the pro-
grams is stored in Survo data files.® In the following, a short description of the programs is given,
and full program listings can be found on pp. E4-30.

1. Computer-intensive Statistics

A. Bootstrap-t method

The sucro program bootstrap-t_fp.tut is used in Section V.2.B. (pp. 53-54) to calculate
the 95% bootstrap-t confidence interval on the basis of the preserved column drums at Tegea. The
sucro code is listed on pp. E4-E5, and an example how the program is used in connection with the
drums at Tegea is given on lines 106-125 of p. E5. The parameters of the program (line 115) must
include the name of the data list in the edit field (X, on lines 107-113), the name of the data file
for output (BT001.SVO), the number of t-values produced (5000), and the size of the population,
or, in this case, the number of column drums originally in the building (216). The results are
printed on lines 117-125.

B. Monte Carlo Test for Evaluating Bootstrap Method

The sucro program strapeva.tut is used in Section V.2.C. (pp. 54-55) to test the validity of
bootstrap-t method. The sucro code is listed on pages E6-7, and an example how the program is
used to simulate the temple colonnade at Tegea and to test the accuracy of bootstrap confidence
intervals is given on lines 88-123 of p. E7. The program uses C module 'simul . exe (lines 38—
41; see also pp. E2 and E10-22), and the parameters listed on lines 91-112 are needed by the
module, even though strapeva.tut uses only the drum height data listed on lines 114-121
(Position 0 corresponds to A drums, 1 to B drums, etc.) in the simulation. The parameters of the
program line (line 123) must include the name of the data in the edit field (DRUMS, on lines 114—
121), the number of repetitions for each height (8), the starting height of the simulation (8.76 m),
the distance between the heights (0.02 m), the maximum shaft height (8.98 m), and the name of
the data file for output (STRAPEVA.SVO). The results stored in the output file (see lines 23-30)
are the lower limit of the confidence interval (Clmin, in meters), the upper limit of the confidence
interval (Clmax), shaft height used in the simulation (ColH), the value of the lower bootstrap t-
value (t1), the value of the higher bootstrap t-value (t2), and the mean and standard deviation of
the simulated sample (mean and std).

1 I have compiled the two C modules listed in App. E for Survo 84C, and they are not currently

compatible with the new 32-bit version of the program, Survo 98.
2 On sucros see Mustonen 1992, 399-443, and on programming Survo in C see Mustonen 1989.
% Ondata files, see Mustonen 1992, 75-130.
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C. Non-random Data

The sucro program simuhght. tut is used in Section V.2.D. (pp. 55-56) to simulate the effect
of non-randomness of the column drum data on the shaft height distribution. The sucro code is
listed on pp. E8-9, and an example is given on lines 93-128 of p. E9. The parameters listed on
lines 96-117 are used by the C module 'simul .exe. The degree of randomness of the data is
simulated by changing the amount of columns used by the module. The number of columns is
given on lines 102-103: six columns on the front and eight on the sides corresponds to a total of
24 columns (2 x 6 + 2 x 6 = 24). The drum height data is listed on lines 119-126. The parameters
of the program line (line 128) must include the name of the data in the edit field (DRUMS, on
lines 114-121), the number of repetitions for each height (24), the starting height of the simulation
(8.76 m), the distance between the heights (0.02 m), the maximum shaft height (8.98 m), and the
name of the data file for output (SIMUHT24.SVO). The results stored in the output file (see lines
24-32) are the number of the simulation (Nro), the mean of the simulated sample (Height), the
lower limit of the confidence interval (CIMin, in meters), the upper limit of the confidence interval
(CIMax), shaft height used in the simulation (OrHght), difference between the simulated shaft
height and the original (HDiff = Height — OrHght), the confidence interval width (CIW), and
whether the original shaft height is within the simulated confidence interval or not (OK).

2. Shaft Profile

A. Colonnade Simulation

The C module 'simul .exe can be used to simulate construction of a colonnade, the process of
its destruction and its reconstruction by a scholar (see pp. 54-55). The example on pp. E23-24
presents how the program can be used to build a file of the possible shaft combinations based on
the preserved drums at Tegea (see Section V.3.A, p. 62). It is also used by the two programs de-
scribed above in Sections 1.B and 1.C. The program code is printed on pp. E10-22.

Then most important programmer defined functions are listed on lines 696-917: they map
the possible shaft combinations. The function First_path_al 1 () takes the first bottom drum
and looks for a matching second level drum: the diameter ranges of the two drums have to be
overlapping. When this is found, the drum data is recorded, and a search for a next level drum is
started. This pattern is repeated until a matching top level drum is found. If a dead-end is reached
before the top drums, the program goes back to the next lower level drum and starts the search
again. All the complete possible column combinations are recorded into a text file: the program
keeps track of the individual drum heights and margins, and besides the total height also the height
margins are recorded. After this the program returns to other top level drums and tries to look for a
new match, and when all top drums have been mapped and the data of the new combinations writ-
ten into the text file, the program goes back to the level below etc. until all the possible shaft com-
binations with this particular bottom drum have been found. Then the procedure is repeated for the
next bottom drum until all the conceivable ways to combine the drums have been discovered.

In the example the parameters input to the program are listed and explained on lines 2-23
on p. E23. The Tegea drum data is listed on lines 27-75, and the data file TEGEADR.SVO is cre-
ated from the text file produced by the program on lines 77-137. The data file includes the x and y
co-ordinates of the shaft profile as well as the measurement margins.

B. Acceptable Shaft Profiles and Maximum Entasis

The sucro program shaft-maxent.tut is used in Section V.3.B. (pp. 62-66) to de-
termine the number of acceptable shaft combinations within measurement accuracy. The code of
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the sucro and programs called by it are listed on pp. E25-30. The example given on lines 361-364
(p. E30) is used to produce the data in Table 9 on p. 65. The parameters of the program line (line
364) must include the name of the data file with co-ordinate data (TEGEADR2.SVO—the data
file includes the shafts within the height range 8.952-8.977 from data file tegeadr.svo; on the latter
file, see p. E2), the identification number the first used record (1), the identification number the
last record (1,678), the minimum amount of maximum entasis (0.009 m), the maximum amount of
maximum entasis (0.013 m), the minimum proportional height of the entasis (0.40), the maximum
proportional height of the entasis (0.60), and the measurement accuracy (0.0015 m). The results
stored are in data file SHAFTFIT.SVO (see lines 28-32 on p. E25): it includes the height of
maximum entasis (EntH), the amount of maximum entasis (MaxEnt), and the number of shaft
combinations in each category (N). It is the responsibility of the user to save the data file under a
new name before reactivating the sucro shaft-maxent.tut. The other programs used in the
analysis, shaft-curve.tut and ! Isgmat.exe, are listed on lines 61-358 (the programs are
nested so that shaft-maxent.tut calls the sucro shaft-curve.tut which in turn ac-
cesses the module ! Isgmat.exe).
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LA Bootstrap-f method
3

1_S5URVO BAC EDITOR Bat Dec 12 22:33:07 1998 B:NCOLMGHY 140 100 ©
FBCOTETRP-T_FP.TUT
L

1
1
2
3 *tutsave bootatrp-t_[p
4 / Sucrao bnct-ttp-l:_?p. tut by Jarl Pakkanen (Now 15 1998)
5 / for calculating confidance interval of a finice population
6 / uming bootstrap-t method.
7 / danf Woata=Wl WEile=W2 HIB'F-H] W=y WiwW% Wlin=Wé Wool=W] Wamaan=wWE
B/ dof Wastd=Wd Wo=W10 Wtl2S=W11 WESTS5=W1Z Wliml=W13 Wliml=Wid
9 *{tempa -1]linit}{save curscr Wiin Weoll
10 = if Wdata '<»' ¥ then goto A
11 *[line stact][d]| {erase) [ecaseDATA X 1,465 1,469 1,472 1,473 1.474 1,
12 466 1.470 1.474 1.472 1.464{R)
13 *{arasa)l {erase]l. 472 1 465 1 469 1. 472 1,473 1.474 1. 466 1.470 1.474 1
14 = 472 1.464 EMD(R)
15 *[R]
16 *|erase ) |erase |Activating sucra[R)
17 *{ecase] {erase| /BOOTSTRP-T FP <data>,<file>,<rupstitions>,.<pop. size>{A})
18 *[erass][erase}caleulates Bootstrap-t valves from edit field data <dat
19 *a> givan in tha|B}
20 *|erase]{arass)aome format as data set ¥ sbove. Te-valums are stored in
a1l * film «<file>. (R}
22 ‘ferasa}{arase} (gotc End}

!

24 4+ A [Wi=0]} (R]

25 *BSCRATCH /{act)[homs|STAT (print Wdaes) CUR+1jact]|ina)|ssarchjN={R])
26 #(r2) {save word Wn|{search}mean=[R}

27 *[r5] [aave word Wamean) [seacch]atddav=(R]

28 * (7} |pave word Westd) (ine) [jump Wlin Wlin, 1 1){R}
29 *WSCRATCH f{act)(home}PILE CREATE HELPFLO4 (R}

30 *FIELDE: (R}

91 1 HA BT T TR

32 "END([R}

33 *"{ud]{act]

34 / Starting loop.

35 + Loop: [Wi=Wi+l](juemp Wlin, Wlim, 1.1} {R)}

36 *ESCRATCH /{act]{bomm]}FILE CREATE HELPFLOL{R]

37 *FIELDS:{R}

3/ IMA_ AN (RERE) (R)
39 * 2 WA_ B (print Wdata} (HERR RER) (2]
40 SEND{R}

41 *{uS}iacti{line and){1}2{act} [hame}@SCRATCH /{act) (hame) FILE COPY {)
42 ®*{print Wdata],HELFFLO1{act] (R}

43 *VAR N=ORDER ‘T0 HELFFLOL[act) (R}

44 *FILE INIT HELFFLOZ, [print Wn){act) R}

45 *INSEED&SSEED ﬂ-ﬂTBEEﬂlﬂﬂlﬂ{R}

4€ *VAR W=int([print We)*sand({l)}+l TO HELPFLOZ|act) [H)

47 *. {copy} R}

48 *{R}

49 *FILE SORT HELFFLOZ BY N TO HELPFLOI(act) (R}

50 *.(capyl iR}
"R}

32 *VARS={print Wdata] MATCH=N MODE=2{E)
£3 *FILE COPY HELFFLOL ,RELPFLO3{ast}{R|
34 * [copyliR]
55 *{R]
56 VAR (print Wdata)l=if{{print Wdsta)=MISSING)then({print Wdata}[-1])els
57 *a((print Wdata]) TO HELPFLO3{act)(R]
58 &, ({gopy] (R}
* (R}

60 *STAT HELFFLOS.CUP+LY / VARS=(print Wdata) {act}(R)
61 *. (copy] (R}
*{R}

63 *{R}
64 *DATA TDATAMNXK{R]
6% T{R}
66 *[R]
&7 &{R]
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1 SURVO B4C EDITOR Sat Dec 12 22:39:39% 1098 D:\COLMONY\ 140 100 C©

"FILE COPY TDATAXXX, HELPFLO4[R)

*(E]

*T=(mean-[print Wsmesan}) /{stddav/ogre((pzint Wn))) [R)
Flu%)T={act} {home} {del2} {R}

liR!.

act]

- 4F WA £ Wrep than gato

*{Jump Wlin, Wlin.1,1} (R}

*“SSCRATCH f{act)[homa}FILE SORT BELPFLO4 BY T %0 [print WEile) {act)(R)
*VAR Mro=ORDER TO (print Wiile}{act){R}

*ink((print Wrep]*0.025)={ack) [save Lline WESTL)(R)

= L WE975 > 0 than gote Cont

WL T5m] )

# Cont: int({print Weep)"0.975)+l=[act} (davae lina Wel25) (R}
*IND=Nro, (print WE9T5] VARS=T(R}

SFILE LOAD {print Wfile)lact} (R}

#{d2]} {mext word} {save word Wliml}{R}

*. [eapy] (R}

(R

*IND=NES, |pEARE WEDZS] VARS=T[R])

*FILE LOAD {print Wfils){ast}({R)

B{d2) (next word] {save word Wlim2}{R}

*{jump Wlin, Wlin,1,.1}{R]

*BECRATCH /{act){R}

*Bootatrap t-values: tl=(print Wliml) (cbs. [print WES75} in ()
*{print WEile].sve) (k]
. t2a{print Wlim2) {obs. [print We025} in [)
"{print WEila].svo){R]

*Sample statistics: n={print Wn} H={print WR} mean=[print Wsmean})
*{R]

a stddav=[print Westd}[R}

*Encimaced atandard error: E=atddav/sgrein)*sgre(l-n/N) (R)

‘Lowar limit of the Confidence interval:{R}

- mean-t2*E={act) (H)

*Upper limic of the Confidence interval: (R}

maan-tl*E={act]) (R)
+ Epnd;: [fump Wlin,Wlin,1,1]|tempe +1)[end)
&
"EXAMPLE:
*DATA X:
#1_46% 1.469 1.472 1.473 1.474 1.466 1.470 1.474 1.472 1.464 1_472 1,481
*l.47d 1.478 1.482 1.469 1.474 1.484 L.473 1.477 L. 478 1.321 1.399 1.413
#1 _ddd 1. 457 1.479 1,498 1_500 1_51I0 1.561 1,643 1.668 1. 415 1_447 1. 448
*l.4680 1.493 1.511 1.514 1.650 1.700 1.347 1.356 1.368 1.382 1.380 1.411
#1.438 1.515 1.522 1.580 1.663 1.320 1.331 1.34F 1.479 Y.484 1.500 1.631
* EHD
.

*/BOOTSTRE-T_FP X.BT001.5000.216
L]

"Bootstrap t-values: tl=-2,1863 (oba. 125 in BTOOL.asva)
» £2=1.8455 (obs. 4876 im BTOOL.swo)
*Sample stabtbistics: n=fl MN=Z16 mesans=l.4TE383
¥ stddav=0, 082748
*Extimated standard mrror: Es=stddev/sgrct(n)*sget(l-n/H)
lLau-r limit of tha Confidance intecwval:

mean-£d*E=1, 4596285045566
Uppl.: limie of the Confidencs intsrval!

mean-tl4E=1, 4862314710852
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1.B. Monte Carlo Test for Evaluating Bootstrap Method

[ 481 SURVO B4C EDITOR Sat Dec 12 23:05:49 1998  O:WCOLMONY 140 100 ©
*STRAFEVA. TUT
-

2
3 *TUTLOAD ETRAPEVA

& / Buecro strapeva, tut by Jarl Pakkanen (Mow 18 1958)

5 f for evaluating the sccuracy of bootstrap confidence intervale of
]

?

B

2

b

J eolumn shafts.
“jeampe -1]{inix]
= 4Ff W1l "«%' 7 than goto h
“{lina atart}{d)(arasa){arasealA=tivating succa{R]
10 *{erase){erase}/STRAPEVA <data> <reps>, <minh® <atep>, <maxhd <fila>{R}
11 *{erase]{erassj=zimulatas temples colonnadas and cests the accuracy of b
12 *oobstrap CIs, (R}
12 *|erasa]{erase]and storas the rasulbs Ln data £ile <file>.svo. [R}
14 *{erase) {erase)Specifications must be given &8 in the example edit fie
15 =ld. [gote End]
16 / def WdatasHl WrepsW2 Wmin=Wl Wstep=Wd Wmax=W5 Wfils=W6
17 / def WhelpleWwT WilinZewd Wooll=Wi WisWll Wi=W1ll Wkewll
18 / daof WElinesWl3 WllinesWld WpresdrsWl5 WCImin=Wle WOImaxeWl7
1% / def Wosanh=W13 Wlin=Wl9 Wcool=W2{ Weoldl=W2l Wcooldu=Will Wcolh=W2i
20 / daf Wlows=W24d Whigh=H25
21 v A:r [(mave curser Wlin,Weol) [Wi=wWmin) (R}
22 *ESCRATCH /|act) (homs}FILE CREATE (print WEils) [R)
23 “FIELDS: (R}

24 * L1MHA_ 4 CImim (R HEH) (R)
25 * 2 HA_ 4 CImax (HH L REH) (R
26 * 1 HA_ 4 ColB (iR R (R
21 * 4 HA_ 4 tl LN R ()
28 S5HA 4 e2 LR AR R
239 ¢ 6 NHA_ 4 mean (B4 #80) (2]
30 THA_ 4 std G TR
31 *END{R)}

32 *(ul0)} (act]owSCRATCH /(act]
33 4 Mainloop: {jump 1,1,1,1}{ssacch}Coll={R)
34 *|find «) (=) {print Wi} [Wisi}

£

36 / Starting loop:
37 4 Leop: {Wa=Wisl}
38 / Calling STMUL ENE:
39 *{jump 1.1.1,1]|eearch|Msda={R}
40 *({find =} {c}2{jump Wlin Wlin,1,1}{d}aSCRATCH /{act}{home}SIMUL {}
41 "[write Wdata] CUR+3.0,70,-100(act} |jump Wlin Wiin,1,1}[d4][ecasaiCol ()
42 ¥Dp O amL MaM]l MaFl Diami) MaM2 MaP? Helght Mal3 MaFI{R]
43 *{save cursor Wlinl Weoll) (WEline=WlinZ|{u|(pre){d] [pralid]iuv]
44 *(save cursor WlinZ Weoll) (WllinesWlinZ)(jump 1.1,1,1){seacch}Fresbr=
45 *(R]
4€ *{find =) (z){ins] [(ins|(save word Wpresds)(l) (del)
!

48 / Selecting tha presccvaed doums !

49 S [Wk=0]

50 + Presarved: |jump Wlin,Wlin,1l.1)(d2] (ecase}ine({print WElinej+ |
51 %[{print Wlline}+l-{print WElipa)) *cnd (D) |={act]} (save line WlinZ)
52 *{jump Wlin2,W1lin2?, 1,1} {save char Whalpl}

53 - Af Whalpl *»' * than gote Pragerved

54 4 (Wk=Wk+1}

55 - Af Wk < Wpreadr than goto Prosarved

56 *{jump Wlin,Wlin,1,1}{d5}

57 4 Rel: [save char Whalpl) (next word] (save cursor Wlin2 Weoll)

58 *[{line start)

5% - Af Weel? = 1 than goto Cont

60 - Lif Whelpl '=' * then goto Dal2

61 *{del line)|[gote Dal)

€2 + Dal2: (d}{gote Dal)

E3 4 Cont: {4ump Wlin,Wlin,1,1){d2){ecass]}|[d}DRTA X:{R}

64 *|arase]|DELETE 30{homa) [act) {£7) {act) ({dal lina) [homa){u){pre)(d}ipzea)
€3 *{d}EMD(R}

66 *. [zapyliB}

67 Y[R}
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48 1 SURVO B4C EDITOR Sat Dec 12 23:06:30 1098 D ACOLMONY 140 100 C
€8 'DATA DR{R}

6% *CImin CImax CeolH t1 &2 maan std{R}

T *(R]

T R}

72 "{eAve Stazx helpatsk)/BETSTRP F X,BTSTREQL,I000,216[tampa +1){asc)

‘tempo =1} (lond steck helpstck)] {d8){find =) {r}(gave line WCTmin} (R}
sjdl{find =} {r}{save lins WCImax}{R}

#{ul3}{print WCImin] (print WCImax] {print Wi} tism{agt}{li}{deld}
*(line end] t2={act]{13]{dal3]|line and| meaan=[act)[1l5) [dal5)
“{line end} stddev={act]{17]){del71 (R}

T8 *ESCRATCH [(act]{R]

T9 *SAVEP C:\E\RESULTE(act) (home)] (erase) (d) FILE COFY DR, (print Wfile).sSVO
80 *{act]

2l £

B2 - if Wi « Wrep then goto Loop

B3 *|{WiWiiHntagR]

B4 - if W} «= Wmax then goto MainLoop

8% 4 End: (jump Wlin,Wlin,1,1)({temps +1}{end]

BE *

By =

88 *EXAMPLE:

B9 *"All diménsicons in maters (Paramatecs needad for SIMUL . EXE: only
90 = height data wsed by STRAFEVA.TUT.)

51 "ColDiamLsl . 455 Lowar diameter of the column bebtween [lutes
02 spigmVar=0.003 Range of lower diamsters (plus and minus)
93 *ColDiamT=1_15 Upper diameter of the column betwwan flutes
94 *Colil=g.02 Calumn haight

95 *MaxEnt=0.01 Maximm sntasis

96 *MaxERtH=q .50 Height wheare the maximum antasis is

BT *ColNFr=6 Wumber of columns on fromt

98 “ColHS=14 Humber of columns on sids

B3 ADried Number of drums in one column

100 *"Proabr=60 Humbar of prossrved deumns

101 *MinMarg=0.003 Hinlmym margin for measucements

102 *"MaxMarg=0.003 Masimum maegin for measurements

103 *Eparch=ALL Place of possibly matching drums (ALL or nusbec of
104 = adjacent columna where ke look for)

105 *“Modu=2 0 = Czeate, select, print and match

i0e » 1 = Create; select and prink

107 = 2 = Crmate and print

0B #® 3 = Read drum data from the edit £ield and match
102 *Zooorded 0 = Ho Printing of ths drum I coordinate
110 » 1 = Frint the drum E coordinate

111 *Profile=0 0 = Ho printing of shaft profile coordinates
11 # 1 = Print the szhaft profile ccordlnates

113 =

114 *DATAR DRUME

115 = Pos MinH MaxH

116 +# o 1.4¢ 1.48

117 = L 1.46 1.49

118 »# 2 1.30 1.73

1149 = 3 1_30 1.73

120 = L 1.30 1.73

121 ™ 5 1.30 1.-73

122 =

123 */STRAFEVA DRIMS.8,8,76,0.02,0. 88, STRAFEVA



E8 The Temple of Athena Alea at Tegea

1.C. Simulating Non-random Data

U:COLMONY 140 100 ©

2
3 STUTLOAD EIMUHGHT

& / Buecro simubght tof by Jarli Pakkanen (Hov 25 1958)

§ [/ for celculating simulated classical confidence

& / intervals of shaft height.

T %|campe -1]{inie]

B = 4if W1 "«£3' 7 than goto k

? *{lina atart}{d){arasa) (arasa|Activating succa{R]

10 *{erase){erase}/STHMUNGHT <data® <reps>, <minh® <stepd>, <maxhd <fila>{R}
11 *{erass]{erassjsimulatas temples colonnades and defines & classicalconf
12 *idance [R}

12 *{|arase|{eraselinterval for the mean shaft hedght, The results are sto
14 *rod in dats file(R}

15 *|erase) {erasal<file>. svo. Specifications must be given as in the exam
16 *pla edit fisld. {gota End]

17 / def Wdata=Wl Wrop=W2 Wmin=W3 Wetep=Wd{ Wmax=H5 Wfileocké

18 / dof WhelplsW? WlinZ=Wi Wcoll=W9 Wi=Wl0 WisWll Wk=WlZ

1% / def Wiline=W13 Wllino=Wld Wpresdr=W1l5 Wlin=Wl7 Wcol=Wlg

20 / daf WE025aW19 WEGTS5«WZ20 WlimleW?] WlimSeW22

21 / def WCIimin=Wl3 WCImax=Wid{ Wmeanh=W25 Weolh=W2E

22 % A: [save cursor Wlin Weol){Wi=Hmin) (R}

23 *ESCRATCH /{act]|{homa]FILE CREATE (print Weéile] (R}

24 *FIELDS: (R}

25 * 1 HA_ 4 Nra (HRRRE) (R

6 5 FHA_ 4 Reight  (i#.#iH) [R)

27 * 3 HA_ 4 CIMin CEN R ()

28 * 4 WA_ 4 CIMax (ERBER) TRY

29 ¢+ 5 WA_ 4 OrHght (BN 888) (R)

30 * 6 MA_ 4 HDiff {80 BEH) Height-OcHght(R)
31 = THA_ 4 CIW (00 REN) CIMax-CIMin{R}

32 ¥ 4 WA_ 1 oK ¥ Height within CI{R]
33 *END{R}

34 *full}{ack]wSCRATCH /{act)
35 » Mainleop: {jump 1,1,1,1}|{seaczchiColl={R]
36 *{find =}{c}{print W}) [Wi=D}

!
38 / Starting .'|.|:||:|F'.
39 + Loop: [Wi=Wi+l]
40 f Calling STMUL, EXT:
4l *|jump 1,1.1,1] [seacch}Mode={R}
42 #{find =) (]2 {jump Wlin,Wlin, 1,1} (d)&a2CRATCH f{act)[home}BIMUL [}
43 *[write Wdata] CUR+3, 0,70, -100{act) (jump Wlin Wlin,1,1)(d4)|erasejCel |}
44 *Dx Diaml  MaMl HMaPl Diaml MaM? MaPZ Halght MaN3  MaPI[R]
45 *(save cursor Wlin2 Weoll) (WEline=WlinZ){u)(pre]{d) (pre)id)iu]
46 *{save cursor Wlin2 Weoll) |(Wlline=WlinZ)|jump 1.1,1,1)(seazch)Presbz=
47 =(R}
48 ¥ (find =){z)}{inz) [ins} [save word Wprasds)] (1] {dal)
!

50 / Saiscting the presarved drums:

51 # [Wk=0]

52 4 Pramerved. [jump Wlin Wlin 1 1}{d2}{ecase}int|{print WEline}+|
53 *|print Willins)+l-{print WEline))*end{0))={act) [eave line Wiind}
54 4 (jump Wlin2Z Wlin2,1,1}(save char Whalpl)

55 - if Whalpl '=' * than goto Preasrved

56 *+{WouWk+l}]

57 - Lf Wk <« Wpresdr then goto Fraserved

58 *({jump Wlin ,Wlim,1, K1) (d5)

5% + Del: (sava char Whalpl)[next word) (save cursor Wlind , Weol2)

60 *{line staxk)

Bl - if Wesl? = 1 then goto Cont

€2 - if ¥Whelpl *=' * than goto Del2

63 *(dml linm}{goto Dml]

64 + Del2: {d}[gote Del)]

65 4 Cont: {jump Wlin Wlin, 1, ,1}{d2}{ecase}{d}DATA STMULATX{R}

66 *{dj{block}{block]}{pra}{d}{pra}{d}{black]) (srasna]{R}

67 4 [d}STAT STMULAT, CUR+12 ) VARSsHelght [aoct]{R}




Appendix E: Computer Programs E9

1 SURVO B4C EDITOR Sak Dec 12 23:33:10 1098

D:\COLMONY 140 100 C

1086
107
108
109
110
111
112
113
114
115
116
117
118
iis
120
121
122
133
124
125
126
127
128

*E=gtddav/sqrt () "sqee (1-N/216) (R]

"LaE*2_ 001 {R)

‘Li=mman-L 6*Li=[{act]}[inn] {save word WCImin} [R)
fL2=mman+l 64L2={act} {mave word WCTmax}) (R}
sfempan={azt] [s2ave word Wmeanhjlime] (R}

*. (copy] (R}
*{R]
“LATA DR{R}

*Hro Height CIMin CIMax OrHght HDAff CIW OE[R]

B{print Wi} (print Wmeanh} {print WCImin)}{l3) (pcint WCImax}{13} ()
*[print W) (Whelpl=Wmaanh-Wj] |print Whelpl) [Whelpl=WoImax-WCImin) ()
*{print Whelpl}(1l3)(ecase] [Whelpl=l}

= L€ WY « WCImin than gobka (OK

= 4f Wy > WCIlmax than gote 0K elae gote O

¢ 10K: (Whalpl=0}
{print Whalpl} R}

i OK:
*(R}

*FILE COFY BR, (print Wfila) (act)

/
= Lf Wi < Wrep than goto Loop

* {Wi=Wi+Hatep]
- AT W

<= Wmax then goto Mainlocop

+ End: [jump Wlin ,Wlin,1,1}(tempo +1){end)
"

(]

"EXAMI'LE:

“pll dimensiona in metera (Parameteras needed for SIMUL.EXE: only

el Dl amT=l 455
"DiamVar=0.008
tColDiaml=l 185
*CalH=8. 08
"MaxEnt=0, 01
‘MaxEntH=4 . 50
*ColNFr=6
Collg=g
*DrH=6
*prosbr=60
"MinMarg=0.003
"MaxMarg=0.003
tSenrcheALL

L]

"Mode=?
L
"
L]

tLooordmd
L]

*Frofile=0
.

YDATA DRUME

" Poa MinH
» 1.46
1_46
1.30
1.30
1.30
1.30

LR R =

height data used by SIMUNGHT.TUT.)
Lowar dismeter of the column bebwesn Fflutes
Ranga of lowar dismetars (pluz and mimus)
Uppar dismater of the column betwesn flutes
Column hmight
Maximum sntasis
Helght where the maximum entaszls iz
Humbar of columna on front
Nunber of columns on 8Lde
Humbar of deums in one column
Humber of presorved droums
Minimum margin for measucrenants
Masimum margin for masasuramants
Place of possibly matching drums (ALL or nusher of
adjacant columna whare ko look for)
= Crmata, salect, print and match
= Craats, aslect and print
= Craate and print
Road drum data from the edit fisld and marceh
Wo Printing of the drum Z coordinate
Frint the drum I coordinate
Ho printing of shaft profile coardinates
Print the shaft profile coordlinates

- R - C - ]

WEmER

MaxH
1.48
1.49
1.73
1-73
1.73
1.73

JETHURGHT DRUMS 24 .8.76,0.02,8, 58, STHORT24
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2.A. Colonnade simulation

69 *cima ©
70

stare:

€5 =int 4,3.k.match minseasch.missing level maxsearch,sesules line:
66 *long 1:
67 *double adj.dd,diff height.help_i halp 7 .random.costl, rootd:
EB Achar line [LLERGTH] .

[ 1 1 SUAVO 68 Bat Dec 12 23:51.44 1958 O:\COLMOWY 1000 @0 &

1 *T5TH0L BxE

2' L]

3 &f% 1STMUL.C Oct 10th 1996/Jarli Pakkanan +/

' [ ]

S *finclude <stdio.h>

6 *Wincluds «<stdlib.h>

7 %jincluds <conio.h>

@ *Hincluds <malloc.h>

9 sfincluds <math h>

10 *#include <time. h>

11 *f§includs “survo h™

12 *#include "sorvoext.h"

13 “#include "survodat.h”

14 =

15 *Hdefinae DRMAN 14 f* Max number of drums in ono column p
16 *ldafine COLMRX 50 J* Max number of colunns in ths building .p
17 *§define EF5 0.0001 /* Epzilon valus Ll
1B »

19 *FILE *fpt; {* Filepaintar e
20 *5URVO_DATA d;
21 =
22 *double Por[DRMAX] ; /* Position of drum range .
23 "double MinH[DRMAX]: /* Minumum height of drum cange ol
24 *double MaxH|[DRMAX]: J/* Maximum helght of dium cange .p
25 *dauble ColDiaml. /* Lower diameter of the column between Flukes =/
26 *double DiamVar: /* Range of lower diameters (plus and minus) .y
27 *double ColDiaml; f* Upper Diameter of the column bebtween flutes =/
28 vdeubla Coll: /% Column hemight L
29 *int ColNFr; /* Humber of columns on Econt LF
30 *int ColNs: J* Numbsr of columna on side LT
31 mint DrM; f* Number of drums in ons columm ap
32 *int FrasDr: /* Humber of pressrved drums LF
33 *doubls MinMarg; /* Minimum margin for massursmasnts ap
34 *double MaxMarg: /% Maximum margin for messurementcs gy
35 =char *3oaarch /* Flace of possibly matching droms Ll
36 ®int gparch; /* Mumber of adjacent drums in search =r
a7 wint Mode | Jf* Brogram mods -
38 =int Zoooed: f® Print drum £ coordinate _
39 *ing Profile; /* Print shaft profile coordinates .p
40 *double aa: /* Constant of tha entasis parabola ol
4l "double bb: /* Coafficant of x of tha antazis pazabola p
42 ®double cc: /* Comfficant of x*2 of the antasis parabola .p
43 ®*int ColN; /* Numbar of columnn Ly
44 "char txtnoma [LLENGTH] - /* Nama of the cutput txt-file Ll
45 ®int do [DRMAX] | /% Drum countsr for matching drums L
46 »

47 ®*atruct drum f* drum information sp
{8 * | int pras| /% drum preserved (D=not pres; lepreserved) wp
49 = double rcoord) f* % coordinate of the bottom of tha drum L
50 double disml; /* lower dismeter betweoen flutes .
1 = double diama: /* uppar dismeter between flutes -
52 » double height: /* height of the drum .p
53 = double dismlomar; /* neq. maasucenmant margin for lower dismaster &8
B4 » doubla dismlpmar: /* pos, messuramant margin for lower dimmatar *p
55 = double diammnmarc; /¥ neg. measurement margin for upper dismater #f
56 » doubls diamupmat; /* POE. MAASUTEMANE MATgAn far uppar dismatar *f
ay e double heightnmar: /* neg. measuremsnt margin for height L
58 = doubla haightpmar: /* pas. mAAsSUrsment margin for haight .p
58 » )i

G0 =

61 =ptruct colonnade f* golonnade information Lr
B2 * | struct drum de[DREMAX]

63 = | ool [COLMAX]:

64 =
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1 1 50RVO 98 Sat Dec 12 23:53:18 1998 D:\COLMONY 1000 BO C
11 *"main{argc,acgv)
72 %int srgc; char Yargw[]:
Ta . [
T4 # if {mrgoc=1) wetorn;
5 » 8 _init{argvil]):
TG = LE (g<3)
37 = i
T * sur_print{"\nUsage: SIMUL data,output_line,<coeff. a>,
<coaff. bix)> <coaff. o{x*2)>");
78 » WALT: seturn;
B = I
&8l * results_line=0:
B2 = resilta line=edl ine2 (word[2],1.1);
83 » if (results_line=={) return:
B4 = isdata opan(word[1l] &d): if (i<0) return:
gs = fmap inseisl+s-1); 4F (2<0) return:
G * i=mask (&d) : i {i<0) cetorn:
BT =
BE » J/* Finding speficaticons »/
g9 » i=apfind ("Mada") :
a0 = if (i>=i)
1 = i
L Mode=avol (spb[i]):
93 = if (Mode<0 || Modek3)
Gy = {
§5 = sprintf (sbuf, "\nEzxrozr in specification mode'}:
96 = sur printisbaf} WAIT: return:
9% = 1
G98 ¥
29 » alse
100 = {
gL = sprintf (ebuf, "\nError in specification Mods”™)
1oz = ser_print{sbufl. WAIT: return:
103 = 1
104 = imppfind ("Zoooxd")
105 = iE (i==0)
10g » i
107 = Scoordsatol (apb[i] )
108 * if (Zeoord<d || Zcoord-l)
i = {
110 * gprinte (sbof, “\nErrezr in specification Zecoozd=®),
113 = -u::_l:rintl'k];m!,; HWAIT: return:
112 = ]
113 ¥ 1
il4 = alss
115 » {
116 * sprintfsbuf, "\nErroxr in spocification Zcoord”):
I17 = sur_printiebufl; WATIT: return:
lig = 1
119 » l=spfind("Profila”),
120 * LE {(i>=0)
121 = i
13z » Profile=atold (spbfi]l)s
123 = if (Profiledd || FProfiledl)
124 = i
175 # sprintf{sbof,“\nError in specification Frofile");
i2é sur_print(sbuf); WAIT: ceturn:
12T & }
128 = 1
12% # alam
130 = i
131 = sprintf {sbuf, "\nError in specification Frofile™j;
i3z = sur_printisbuf): WAIT) return)
133 # i
134 = fmapfind|"CollNFe") ;
135 = if (i>=0}
136 = Il
1537 » Colurr=ated (opbil]):
138 * if |ColNFr<l || ColNFr»12)
139 » i
140 # sprintf{sbuf."\nError in specification ColWFr");
141 = sur_print(sbuf) | WAIT| return;
142 # ]
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1 1 S5URVO 98 Sun Dec 13 O0:08:51 1908 o:\COoLsONY 1000 B0 C

143 » i
144 = elas
145 » 1
146 # sprintf (sbmf "\nError in specification ColMPrc“);
147 » suy print(sbuf) @} WAIT! cetuen)
l4m @ 1
149 » Lllftj_ﬂ:ll“ﬂnlllsﬂ,'
150 » if (ir=0}
15y = |
152 » ColNs=atod {epb[i]);
153 = if (ColNB8<l || ColNS=20)
184 » i
155 = sprintf {shuf "\nError in specification ColNB"):
18 » sur_print(sbuf) | WALT: retaen;
157 =
158 » i
158 =  alse
160 * i
161 »# sprintf (sbuf, "\nError in specificstion Col¥8");
162 = aue print(sbuf) @ WAIT! rcaturn!
183 = I
164 = i=apfind ("DrN") ;
185 = iE (ir=0)
166 = {
167 » DrH=atol (spbli]) ¢
168 » if (DrN<l || DzN>DEMAX)
169 = i
L7o = sprinte (sbuf, "\nError in specification DeN™)
171 = sur print (sbuf); WAIT; ceturn:
17z » i
173 @ 1
174 * ales
175 = {
176 = speint? {abuf, "\nErrar Ln specification DERM)
177 = ;u:_p:int {sbuf) ; WATT; return;
178 =
179 = L=gpfind("Search")
tBo * if [i==0)
181 * Seaxch=sphfi] s
182 * alse
163 » ]
iB4 = sprintf (shaf, "\nError in spacification Search"):
igs » sur print(shuf]; WAIT; recurn;
186 * 1
187 =  Lf (Mode<3)
188 » {
iy = i=spfind ("CalbDiaml®) r
150 = if (i>=d)
191 = {
192 » Colbiaml=atof (spb[i]) s
153 = {f (ColDiaml<d || ColDiamL>5)
194 = {
195 » sprintf {sbuf, “\nError in specification ColDiamLl"):
196 = spr_print (sbuf) ; WAIT: return;
197 » 1
188 * §
199 » Blas
200 {
201 = sprintf (shuf,"\nError in specification ColDimmL™j:
20z * sur_print(sbuf); WAIT, return;
203 = ]
204 * imspfind ("DianWVaz") ;
205 = if (i>=0)
208 * {
207 = DismVarsatofl (sphii]) -
208 if (DiamVar<Q || DiamVar>l)
209 = {
210 * sprintt (abuf, “\nEzror in specification DiamVar”);
211 = n:_ptint[:ﬂ:ru!,.: HWAIT: rwkbturn;
212 »
213 ¢ ¥
214 ™= alap

L}

15
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i 1 5U0RVO 98 5Sun D
e sc 13 00:10:01 1998 :
sprinti (sbuf, \nk - D:\COLMON\ 1000 B0
:1: : T"—"_antl-]:uﬂ.i m::lz.mmﬂ;liniunu TEaE") 1 =
219 T
=spfind ("Calbiamt™) ;
20 i (4>e0) "
L3 = ColDismbs
233 » atof (spb[i]):
294 = it :C’Glblmﬂh‘ﬂ |l Colbiamia>5)
225 »
sprintf(abuf, "\nkr
26 = z " tor i
g:w . ?“l'_j-‘lr:.ntlhbutl: WAIT: :‘:ﬁ::-:liﬂltim ColDiard
drd }
;i: : alsn
{
231 ¢
sprintf{sbuf,"\nErres
ggg : ?ur_]::.intiﬂ:u!j; MT::.:-E::.!:.nuu“ g st ]
234 ¢ i i
=spfind {"CalR") :
;g: : Af (43=0) :
{
gg; 2 Coll=ataf (spb[i]):
S50 = if (ColH<Q || ColH>20)
240 = l‘pliﬂt!‘.];ul "\REs
. W £ i
g:; ® T“:_Prl.nﬂl‘nuﬂ; ID..H" i :-:ﬁiiﬂuu“ s
243 » i
244 olan
245 = {
;‘:g : sprintf (shof,"\nExrror in specif
2ah :ur}ﬂntilhu!!: WAIT: zecurn’ it
243 = L-‘?!tm‘":’“m" v
vt i (ix=0) 4
{
253 »
253 » I;‘“gtutul {spblL]1)
254 {PresDe<0 || PresDe>{2*ColNFe+2¢ (ColME-2) ) *DRMAK
2 oo ’
13 : far in
et : Tu:_;p:!.ntilhull: WAIT: :n:um:riuuﬂ“ RESRNEN
258 = }
259 &
260 » .
261
sprintf {sbuf, " \nk
> " rror i »
263 + mar 2Rt M) RS i e
zbé * LespFind ("MinMarg") :
g:: . if (i>=0) il
268 + Mibiarguatof (spb(L})
g v i J
SEG ® if Emmtﬂﬁ Il MinMazg>l)
270 »
271 sprint® (sbuf, "\nError in
] : sur print|=sbuf) : 'Iﬂ_‘l'.;: :-:P“::fliﬂittun e oo
273 » )
274 - &lon
275 I
276 =
sprintf{abaf, " \nB
= ¥ rror in a
;_m = ]tlll’_;prl.ntit.huf“ WATT r.tﬁ:ﬁ?u‘““““ MinMarg“) .
275 = l_uw:l_nd_‘u
MawMarg"
R
; 1
282 * MaxMa
rgmatof (spb[i]) .
283 =
704 * 3F {mﬂ*ﬂ il MaxMarg>lj
285 =
285 ¢ sprints (sbuf, "\nError in speci fie
267 ;ur_l:rtinthhuﬂ; WAIT: rl:u:rn;tm e
L]

!
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BB * i
289 = alse
290 i
291 ¢*® sprintf {sboef " \nError in specificstion Maxierg");
292 » sur_print(sbaf) ] WAIT: seturn;
293 =
294 = f* Coafficents of tha antasis parabala =/
285 @ sa=atol (word[3])
296 = bb=atof (word[4]) o
297 ce=atof (word[5]) ;
298 = |
293 ¢
300 = /% Reading data from the edit field o/
301 * ColN=2%ColNFr+iT(Cells-2)-1:
302 = if (Mode<d)
303 ¢ {
304 = im0
ios = for (l=d4.11; l£w=d.12: +41)
306 » {
307 * dats_load(ed, 1,d.v[Q] ,eFPos[i])
3gs = data load(fd, 1, d.w[1] &MinH[i]);
30% » data_lead(ed,l d.v[2], eMaxi[d]);
310 = i
311 = I
312 = ]
313 *  welse
314 = {
L for (i=0: i<=ColM; ++i)
316 * for (J=0;: J<DcH; +4+43)
317 = col{i] .de(q)] .prea=0;
318 = for (l=d.11: li=d 12: #+1})
319 * i
320 = data leosd(ed,l,d.v[0],shelp 1)
az2] = i={int) (help i},
32z * data_leoad(ed,l.d w[l],shelp 1)
323 = J=lint) (help j).
324 » data load{sd, 1l d.v[2],6col[l].de[]] diaml)
325 = data load(éd, 1, d.w[3)],ecalli] de[y] diamlnmar) )
326 = data lead(fd, 1, d. w[4] . Gcol{i] . de[]] diamlpmar) :
327 » data_load (sd,1,d.v[S], 6col{1] .de[}) diamu) |
3zg = dats load(éd, 1, d.v[6},bcoli] de[]] diamunmar) |
329 ¢ data_lewd{ed,l,d.v[7].ecol[i].de[7] diamupmaz) ¢
330 = data load{&d, l . d «[8] &col{i] . de[5] haight)
331 » data load(&d,l,.d.w[®],scol[i]. . dr(y] . heightrmar);
332 » duta load{&d, I . d «w[10],kcol[i] . de[]] heightpmar) :
333 » if [Zzoardesl)
334 # data losd(éd,l,d w[11],6colfi] . drc]j]  zooord)
335 = colli] .d2{j] .prea=l;
336 » i
337 - i
338 * data close(&d):
33% =
340 * /¥ CREATING THE COLONNADE =/
341 =
342 =  4if (Mode<3)
343 {
344 = arand (tims (EatATE) ) ;
348 » for (i1=0; i<=ColN; *vi)
46 ® {
347 = height=0;
348 = for (j=0: j<DrN; ++i)
149 - i
330 » randomscand () fI2TER. 0
351 = col[i] . dr[]] beight=MinH[}]+(MaxH[j]-MinH[]]] *random;
353 v height=helght+col (] de (3]  height:
B53 1
384 » /* Adjusting the drum heights +f
355 = diffeColl-height -
356 = if (fabg (diff)>MaxMarg)
35% = do |
388 » 7= {int) { (DzH=-1}* (rand () fIZTEH.0) § ;
3w LE (diff<D)
-
L]

AF (eal[i] . delj)]. haightdi €E>=Minl[]])
i
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=T .de[3] .haight=col[i]. ]
::i : T-iqht-h-ight+di:f: ol[i}).4c[]] .halght+diLe:
JE3 ¢
366 * -L:?
:E: : heightshaight-col[i] .dr[j] . height;
- ldiﬁﬂ.ﬂi'lcnitll drijr.hﬁiqht—ﬂinﬁljll:
e :u [i].de[]] . height=col[i] dr[{] helght-adj
35T }Ilqht.hilqﬁt+tﬁlli] de[j] .halght: I
ggg : elsa
45 if :cuilii.d:[jl-hlilht*difttnllllfjl}
315 » i
cgelfi].d=[q]  height=col
i;g : :miqht-h-.‘l.ghthli::: [i].d=[3) haightydifs;
:;: : olsn
::: : ﬁliﬂhtwh‘lgﬁt'ﬂﬂltil.dlfjr.hliqht'
31 - 8410, 33¢ (Maxh ] ool 4] dr[4] hoight) :
asa ﬁo (1] .de[]) . height=col i) .de[]] .helghtrad];
2o o }liqht:hitght+c¢l[ll.ﬂt[j:.hﬁiqh:r )
i:: : diffeColH-haight:
T 1 | whilae (Eabs (diff)>=Maxiarg)
388 = 4* Hounding hei
ghta Eo millimeat
;:: : for (i=0; i<=ColN; t+i} s
e En:{{j-ﬂ; DR +43)
392 = ad=1000% {col [i] .dc [ ]
gt .dr[j] height)+0.5;
4o : 1:-:.1[:.1 .de[4] haight={int) (dd) /1000.0;
395 = /* Battem drum diamacers v/
ggg . Iari (im0 l<mColM; ++i)
398 + ala1000% {Co1TA aat. Dian
olDiamL-DiamVar+2*DiamVac® el 1
400 + collil.dz(0].dianl=(int) (dd) /100007 e
g col[i] de[0] . zeooeds=0.0;
s o ::i:?t:::ill!.d:[ﬂ].hlightr
== sqrt{bb*bh- (d%cc® (aa-hai . 2
e ; aa ght)) 2 ,
e ::ﬂti-é hhqu:t{hhlhb+ll'=:l[.lnhltghh!}:iﬁ::*::::
S - (fabs {rootlj<=fabs{rootd)) diff=zootl:
407 = dd.-l:;::[u:![:;n:t?l
. oo dr[0] dHaml=-34¢diff) 0.5,
:g: : ngl[ll.drlﬂ] diamu={int) {ulnuuu.qll.- d
A /* Meagurement marglns */
e ;;;danﬂfind‘jfﬂETEﬂ.nr
el 112&0'lHLhHirﬂ+|HlﬁHh:u-ﬂinHi:ul':ludun}+¢.ﬁr
Tt e zglfi;.gjfg}.:-Lg:tnmlt-iintl[ddlflﬂﬂﬂ.ﬂi
3 Jheightrmars-cal [L] d=[0] . CpmA L
:i; : :;:?:::::ndlliii?iﬂ.ﬂ; = A =
P MinMargt (HaxMarg-MinMarg) *random)+0.5;
11: : ::i%:;.::}:;.:i::iz:::=ltn:}lﬂdlflﬂﬂﬂ.ﬂr } F
5 == ij.dr diaml §
::: : :;::nnwrln1111321ﬁl.ﬂ: et ™ e
Hps e :ﬂﬂ'ﬂtlﬁﬂ-rg*tﬂliﬂ;:g-ﬂinuirq:lx:ﬂdﬂﬂ}*ﬂ-!;
o & 1Ill.nr[ﬂ].ﬂilnupul:-llnt:ldﬂ]!iﬂﬂﬂ.u:
porgls ?n [8] .dx[0] diamunmar==col[1] .dc[0] diamupmaz;
23 ¢ /* Dismetars of other drums *
:;; : fﬁrtli“ui i<=Call) ++i) ¢
a6 = heightscol{i] de[0] .hai
. . . ht:
1;; . :u'l'j-l: F<DEN: ++413) ¢
429 » eolidi] .d=f
i . 9] .zecozd=haight:
:ig : height=haight4col[i] .dc[]]  height:
P ::::;::=t:+uq:=[hhlhhh|l'::'[ll=hlighh:JI:f{z'::::
. 5 =bb=gqrt{bb*bb- (4*cc® (aa-height) ) )}/ {2%cc) ;
2 (faba (roatl)j<=fabs(roct?)) diff=roatl/

alee diffesroot?;
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438 » golli].delj].diaml=col{i].dr[5-1].diamu;
436 dd=1000% {col (1] de[0] . diaml-2%d4i £F) +0 .5
437 » colli].de(q].diamu={ing) (dd) /1000.0;
438 # /* Massurement marginm #/
439 » randem=rand () f32768.0;
440 = dd=1000% (MinMarg+ (MaxMarg-MinMarg) *candom) +0,5;
441 = eal[i] . dr(]] . haightpmar={int) (44).,/1000,.0;
442 » ool [i] .de[4] helightnmar==-col (1] . de[§] helghtpmar;
443 = candom=cand () /32768.0;
444 » dd=1000* (HinMarg+ (MaxMarg=-MinMarg) *random) +0.5;
445 = col{i] dr[j] diamlpmars (int) (dd) /10000
44€ » eolfi] . delj] diamlpmar=-col[Ll] .de[j] . diamipmar:
447 = randomerand () /32768 _0;
448 = dd=1000" (MinMazgt (MaxMarg-MinMaryg) "random) +0.5;
449 = col{i] delj)] .dismupmar={int) (dd) /1000.0;
450 » sel[i] .defy)] .diamunmar=-zol(i)] .de[4] . dismupmar :
451 * 1
452 = i
453 » i
454 =
455 J* SELECTING PEESERVED DRUMS +/
456 =
457 * if (mode<2)
458 = {
459 = for {i=0; i<=ColN}! #+i)
460 * for (3=0: j<DzM; ++1)
461 = eal[l] .del])] . pras=d;
462 = k=0
463 = do |
464 » i=(int) { (ColR+l) * (rand() /IZTER.0)) :
465 = J=(int) {{DzH) * {rand () /A2TEH_O) )
466 * if (eoll[i].dr[q].pres==0)
4G7 = i
468 = coal{i] . dAr[y] . pras=l;
455 * metk;
470 = 1
§71 » | while {(k<PresDr);
472 * 1
473 ¢ alsa
474 = 1f |[Modess?)
475 * for (i=0; a<=ColN; i)
476 * for (j=0; J<BrH; ++3)
477 - eol i) .dely] .peeawl;
478 *
479 = f* PAIRS OF TRULY MATCHING DRUMS =/
480 *
481 * if (Mode<d)
482 ® {
483 = kel
484 * for (i=0; i<=ColN; ++i)
485 ¢ for (§=0; j<DrN-1: ++i)
486 = LE feali] delj] . peess==] &£ eol[i] de[j+1] . pras==1)
487 * ek
468 = ]
489 =
490 # /% OUTPFUT OF DATA TO EOIT FIEFLO &/
g1 v
482 » cutput cpen (ecout) ;
433 * 4f [Moda<3)
484 & {
495 = if (Mode<2)
d9G * i
497 = sprintf {lina, "Numboer of truly matching paira: 1", K)J
4598 » peint_line(line)
499 = 1
500 = if (Zeoord==0)
501 = steepy(line, "Col Dr Diaml ~Mar Mar Dismn =Mar  Mar
fHaight ~-Mar Mar®j;
502 = mlae
803 » strepy (line,
S04 ® "Col Bx Diaml. =Mar HMar D ami? =Mar Mar Haight
Hoaight -Mar Mar Zcoord")!
505 # print line{line) ;
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LY T Eor {3=0: 3<DrN: ++3)

807 = for (i=0; i<=ColN: ++1i)

508 = if fool[i].dc[j] pras==1)

509 = if (Zooorde==0)

510 @ i

Bl = sprintf(line,

512 » "§$31 %28 V.30 NE.3L A5 IE NT.IE WE.3F N5.DE
V7.JE NE6.3f WG.JE™,

513 = i, 3; eol(i].de[q) . diam), colfi].dr[}) diamlinmar .

514 = eal{i].d=s[j] diamlpmar, ecol[i] . dclj] diamu,

515 = col[i]l.dz[i].diamumnmar, col[i].dc[j].dimsupmar,

516 = col[i] .ded] -bmight, eolfi].dc[]) beightnmar,

E17 e cal[i].ds[]] . heightpmar) :

518 = print_line(line):

519 = 1

220 ¢ alze

Gzl = {

522 = sprintf{line,

G23 = 431 E2L WY.3f NE.2f A5 3F WNT.2E 46.3F A5.2E
87,30 %6, 3L &5.3L %6.3L",

524 = i, §; col[i].de[j) . diaml, eol[i].de[3) .diamlnmar -

525 » eolli].d=ld] .diamipmar, col[i).d=[4).diamu,

526 * eal[i].de[j] dismunmar, cal[f] . delj] ddamupmar,

52T » colli].deld] hwight, colli].de(i] haightnmar,

528 F col [i].d=[}] .heightpmar, col[i].de[}] . zoooxd) .

529 PEint_linailins);

530 = }

531 = 1

53z ¥

533 = /* MATCHING DRUMS =/

534 #

535 = Lf (Mode=0 || Modes=3)

53§ = I

537 = aprintf (txtnams, "iats. exe" ediak, woepd[l]).

538 ¥ fpr=fopen (txtnams, “w");

539 = missing levelsd:

£40 » far (9=0; J<=DEN-1; ++1)

541 * {

342 k=0

543 » for (i=0; i<=ColM; ++l1)

G4 v if feol[i] .dx[]] . pras==]] ++k:

545 # if (k==0) misgsing level=};

S546 = ]

547 * if (‘mimsing_lwvel)

548 = {

£40 » strepyiline, Seazch) ;

=50 ® i=gtrlaniline) ;

551 = if (i<3) f* Limitad seazch *f

532 = {

853 T ssarch=atal (Searah]) :

554 ¢ i==1;

555 = do ++i; while (eol[i].de[0] . pres==0 £& i<=ColM]

556 * if (LemColMy

557 = {

55 maxsearch=i+searah;

559 = Lf (maxsearch>ColH) maxseacchenaxseasch-Coll-1:

560 = minsasrch=i-gearch;

561 = if |ninsearch<0)} minssarcheCalM+minssarcch+];

Eg2 = k=firat_path lim mearch(];

563 ® if (k==0)

564 = i

=1 stropyiline, "Ho matching complete oolumne. "}

566 = print line(line);

567 » 1

S6R * wlan

565 = {

570 = print_to file().

571 » do |

572 = ksfind path lim search():

513 » if (ki=0) print_to_filw():

574 = } while [k!=0}-

-7 I

FTE ® i

57T » alse

578 »
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579 » wtzcpy (line, "No matching complate columns.”):
580 = print line(linm) ;
561 = ¥
582 = ]
BE3 » alas /" Ssarsh all */
g4 = i
585 = i=-1;
T de ++i; while (eoll[i].de(0] pres==0 &k i<=ColH)!
587 = L [l<=CalN)
588 » {
Ga9 = minsaarchs=0:
890 - k=first path all():
591 = 1 [lmal)
592 = i
5093 = strepy (Line, "No matching complete columns."):
504 * print_line{linse) :
595 = }
596 = alen
587 » {
598 = princ_to Ffila():
589 = do |
600 = k=find path all(l):
601 - if (k!=0) print_to_file():
602 = } while {ki=0):
603 = i
804 - I
605 = alan
g0€ = {
607 = strepy (lipe, "Ho matching complets columns.™}):
&oB * print_linailine) :
€09 = ¥
610 * 1
11 = 1
gE12 = #las
613 * {
614 = strepy (line, "NHo matching complete columna. ™))
€15 = print_line(line) |
616 * 1
€17 » fclomu(fpt) »
18 = i
€19 * putput_close (ecwk)
&2p * )
621 =
622 Fprint line{line)
623 *ghar *linea:
G624 ®
625 ¥ cutput_line (line,eout, results_line) s
626 * Lf (results_line) ++results line;
627 = H
628 *
629 *print_to_filw()
£30 = |
631 v int 4y
B3z = double height height neg mar height pox mar, prof coor;
633 » char lined [LLENGTH) ;
G634 ¥
635 » 1f |(Profile==l)
E36 » {
637 * fpTANES (FpE,. "4 ,.0,", daf@)):
638 height=cel [de[0]] .4c[0] helght;
639 = haight npag mar=col[de[0]].d2[0] . heightamar )
G40 » height_pos mar=gol [do[d]].dc[d]  helghtpmar.
641 = prof_coor=cel [(de[0]] de[0) . diaml/2- (col[da[0]] .de[0] . diamu
+eol[de(l]] . .defl] . diaml) /4
642 = fprintf (fpt, "R RE. ", prof éoor haight) ;
643 = for (i=1: i<DeM-l: ++ij
644 = i
645 = fprints {fpc, “wb Wi, %, dali], &)1
G4E = height=hmight+col [def[i]] . de[i]  height:
647 » height_neg mar=hsight_neg martool(dafi]].dzii] .heightnmar:
648 *® height pos mar=height pos mar+col [do(i]].dr[i].heightpmar;
649 = prof_coor=col [da[0]].de([0] .diaml/2- (col[de[4]] .dr[i] . diamu

wcol[do[l]] de[l]  diaml} /4;
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&850 = fprintf(fpt, "%E,. 0L, ", poof_coos, haight)
651 = ]
68z » i=DrH-1;
&5y » fprintEifpt, "ii W, ", dali], L):
654 » haight=height+col[da[1]] .dr[4] .haight:
635 = height neg mar=height neg mar+col[de[i]] .dcfi] . heightnmar;
656 * haight pos mar=haight pos mar+col [da[i]].de[i] heightpmar;
657 » prof_goor=(col[de[0]].dr[0] diaml-col[de[i]].dr (L] .diamm)/2;
658 = fprintf (fpt, "V VE AF WF\n", prof coor haight,height nég mar,

helght_pos mar):
659 = I
660 * alse
EBL = i
gE2 » fprintf (Fpe,. 41,0, de[0]):
663 = haightacol [de[0]] .de[0]  height:
EE4 = hsight neg mar=sol[d={0]].de[0] . haightnmar;
665 = height pos mar=col [dc[0]].dc[0]  heightpmac;
666 = far (i=1: 1<DEM-1: ++1)
G6T » {
GEB = fprincE(fpr, "4i 85,7, deli], &}y
(13- I holght=holght+ool [do[i]] .de[i] -haighk;
670 = haight neag marsheight neg mar+col[de[i]] .deli] .haightnmar .
671 = height pos mar=hoight _pos mac+ool[defi]] deli] heightpmar:
672 = 1
673 @ i=0DrH-1:
674 = fprintf (fpr. wi.bd, ", dafil, &)
675 = heightsheightteol [de[i]] .de[4) . height:
676 = height _neg mar=height neg mastool[de(i]).dofi] . heighenmas
67T ® height pos mar=hmight - martcolide[i]] . do[i]  heightpear:
&g » fprintf(fpe. "8 . 0E,WE\n" . height . height_neg mar height pos mar):
ETH = ]
G@o * 1
Gl =
682 */* FINDING THE FIRST PATH 1H LIMITED EEMRCH *f
683
684 *First path lim searchi)
€85 = 1'“ T
686 * )% HOT IMPLEMENTED */
€87 » i
GBE =
689 */* FINDING THE NEXT PATH IN LIMITED SEARCH */
690 =
691 *find path lim searchi)
GRg * i
€93 * /% HOT IMPLEMENTED *f
694 ]
695 =
€86 &/* FINDIKG THE FIRST PATH IN SEARCHING ALL POSSIBILITIEE =f
697 =
698 *first path_all()
§99 ¢ | i
TOO = int eolumh,desad and,i0,11, 30, k0 ;ore drums no mateh:
701 * double maxlower,maxupper.minlower, minupper:
TOZ =
703 ¢ column=0;
704 ¥ dc]b]=i;
TOS Eor (30=1; 30<DeM; +430)
TOE & do[j0]=-1;
TOT v do |
ToE * ig=i; j0=0; dead ands(;
709 = da |
Tld » il=minsearch; no match=il;
TiL ™ do [
TLZ * Lf (eel[i0].de[40] . pres=—1 E¢ col[ll). de[40+1] pres==1}
713 = {
Tig = minlewes=cel[i0] .d=s[j0] .diamu+col [10] .d=[40) . diamunmas;
Ti5 = maxlowersesl [10] de|§0]  ddameécal [£0] . de [ 40) A1 amsjper -
Tig * minuppar=col[il] .d=[10+1) . diaml

bcol[il] .de[j041] diamlomar:
1T - maxupper=csl{il] . de[70+1] . diaml
+col[il] de[j0+]1] . diamlpmar;

TiB = if ((minlowar-maxuppar)>EFS || EPS<(minupper-maxlowar) )
TS ++11;
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720 * alza
721 = {
T2z = no_matche];
723 ¢ de[ji+l]=il:
Tiq 10mi]l :
724 = if=il:
725 = i
726 * ]
727 = @alas ++il;
728 ¢ } while (no mateh && Ll<=ColW),
729 = if ('no_match)
T30 * i
731 = H430: minssarchs0;
132 » if (J0==DzH-1) eolumn=1:
733 =
734 ¢
T35 = i
736 = if ljﬂﬂlﬂ daad ends=l:
737 = L {J0>0 &k J0<DzN-1)
7ig {
739 = mare drumssi:; kdsdo[30]:
740 » do ++k0; while (collk0].de[i0].pres==0 & kO<aColM):
T4L = if (MO<=ColNH) more drums=l;
T42 ® ir ﬂmr-h_d.l:umni
743 = {
Ta4 = minsearch=k{:
745 = if (4031} de[j0]==1:
T4E = if {j0>0) --40:
T47 = 10=de [§0] :
748 = I
749 ® alza
750 {
751 = da [
752 = iT (j021) daofjo]=-1;
753 * ==407 kl=do[§0]
754 = do ++kl: while [col[kl].de{j0] .pres=0 &&
kD<=ColH} ;
755 * 1f |kb<=Cold) more deumssl:
56 * | while {!'more drums &8 J01):
757 = if (30=1) doli0]==-1.
758 = if (§0>0) ——30;
755 # i0=dec[40] !
TED * if |more drums) minasarchak0;
FL T else minzsarch=0;
762 = }
763 = if (30<1)
764 # {
765 * ig=de (0] :
766 = kOmde[1] ;
T67 = do ++kli; while [col[k0] . de(l].pros==0 && kO<=CalW);
768 * if (k0>ColN) dead end=1:
765 = alse minsearchaki;
770 * 1
7L . ]
72 » i
773 * j whilm {0<Drti-1 &6 'dmad end);
ket B if (eolumne=()
715 »
976 ® do 41 ‘hi_l- foolfi] d.r[ll]‘.p;:-:n.tnﬂ B 1<=ColN) ;
. minssarch=i;
778 & do[0)=1;
T * for (409=1; S0<DrH; ++30)
780 * de[j0]==1;
781 = i
T8 * | while (eolummves) L& Lo=ColN) |
783 = gatuen {ocolumn)
T84 =
785 =
TBE %/* FINDING THE NEXT PATH IN SEARCHING ALL POSSIBILITIES +/
787 =
788 *Eind path all ()
TEs W {
790 = int oolumn, desd and. 10,151,930, k0, more drums,ns macoh;
781 ® double maxlower , maxupper, minlower minupper:
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792 *

793 = columsel: j0=0rN-1: more drums=0; dead end=0:

T94 = kO=d=[40]:

THS ® do +#+k0; while (col{k0].dc[j0].pres==0 && kO<=ColW);

T96 ® if (kO<=ColN) more druma=l:

787 if (more_druma)

ToE = L

Tae @ minsesrcheko

aog = if (30=1) de[j§0]=-1:

8ol = if {30>0) =--30;

aoz = i0=de[40]

803 » 1

go4 = elen

gos = i

Boe = do |

BOT * if (3021} de[40]==1;

gog = ==30; k0=dc[3j0]:

809 » do +4k0; whila (zal[k0) —:u:uu] .pras==0 L& kO<=ColN);

Bio = if (kQ<=ColN) more drumsw=l

a1l # I whilae {!more drums & jn#ll.

81z » if (J021) de[i0]=-1:

813 ¢ if {3020y ==30;

gl4 = ig=de]30]:

Bl5 » LEf |more deums) minseazoheki;

Bl = alse minsearchsl;

g17 1]

glg = if (401}

19 = {

g20 = if=de[0] -

B21 = EQ=d=[1]:

Bz = do #+kl; while (collkl].dr[l].pres—0 &f kl<=ColM) |

B23 = if (kRO»CelM)

B24 = {

825 = da ++1; while (colfi] . de[0] . prass=] && L<=CalN);

826 * Af (4>ColN) dead end=1;

g7 = alsa

B2g ® i

g29 = minseazch=0;:

g3n = de[0]=1:

gilL = for (j0=1: 30<Dr¥; ++30)

g3z = de[j0]==1;

B33 » il0wi; 50=0:

Bl4 # i

g3s = ]

B3Ig » alse minsearch=kl:

B3T = 1

38 = if (ldead end)

B39 = da |

g4 * dead_end={

gal = do |

842 = il=mingwarch: no_match=l;

B4z = da |

B44 * if (eol[10].dc[30].pres==] && colfil].ds[j0+1] .pras==1)

Bds = {

B4E = minlowar=col [10] .dr[30)] .diamu
teallil)] . de[40] .diamunmar)

B4T = maxlower=col [10] de[40] dismu
+mal [10] .dx[310] .diamupmar

a4g = minupper=col[il] .dc[j0+1)] . diaml
+eolfil] .4r[j0+1) . diamlnmar

BaH & maxupper=col [11] .de[§0+]1]  diaml
teol[il] .de[§0+1] .diamlpmar;

B50 ® it ((minlower-maxupper)>EFS || EFS<{minupper

—maElawer) |

851 ~ #+il:

g5z = elaa

g53 » {

B854 ® no matchel

Bss = de{j0+1]=il;

B3E = i0=11;

BST = i

i

asg

I
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#59 » alea ++11;

BEO ® | while [no match && 11<=CalN);

BE1 » if ('mo_match)

86z = 1

B63 = ++310; minsearch=d;

BGd = if (jf==DrN-1) column=l;

865 * ¥

BEE = alas

867 * [

BGE = Lf (J0=ud) dead ands]:

g69 = L (9020 EE jJO<DrmM-1)

670 = {

B71L * more_drums=0; ki=dc[40] :

72 = do 44kl; while (col[k0] dc[j0].pres==0 & k0<=ColN):

B73 if (kO<=CalN) mors drums=]l;

av4 = if (more_drums)

B75 = {

B76 ® minseacchakd

ayy = AF {jO=1) de[j0]=-1:

§78 » if (3020) --30:

B9 = 4 Dinecdix [ §0] =

880 » ]

BE1 * elae

gaz » {

BE3 * do |

[:1: I if [J021) da[y0]=-1:

8BS *® ==50; kl=dc[30];

BEE = da ++k0; whila (cal[k0).de[30].pras==0 k&
kb<=ColN) ;

gay = if [kO<=CalN) more drums=];

888 | while (!more drums && 30>1);

gas - af (j0=l) do[jo]=-1.

8§90 = i (40»0) —30:

Bg91 = L= [40] ;

B9z ¥ Lf (more_drums] minsearchekd;

B93 @ wlze minsearch=0:

294 = I

85 & if {§0<1)

B9E {

BT » 10=da[0] ;

gag * kO=da[l] s

g8o & do ++kil: while (coll[kd)] .dc[l].pres=—0 c&

kl<aZolN) ;

900 * 1f (k0>ColK) dead_end=1:

901 = else minssarchski;

902 ¥

P03 ¥ ¥

204 ® 1

905 | while (j0<DrM-1 &é 'dead snd),

go& = if (column==0)

T * |

a0g = do ++i; while {(col[i].de[D].pres==0 L& i<=CalN};

#09 » midmeearchsd

910 = de[0]=i:

911 » for (j0=1: j0<DrM: *++30)

g1z = e [ §0]=~1;

213 1

914 = 10md: jO=0;

P15 = 1 whila {(=olumme=0 L& Lo=ColM):

#18 » return (column) :

a17 = i

18 *®
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1 *"EXAMFLE:

2 *ColDiamls=l_45% Lowar diameter of bhe column bebtwsen flutes

3 *DaiamVar=0,008 Fange of lowar diamatars (plus and minus)

d *Colbiambl=1 15 Uppar diamater of the column betwesn £lutas

5 *Calii=8.97 Column haight

& *MaxEnt=0, 01 Maximum sntasim

T "MAXEntH=4.49 Height wharse tha maximum entasis is

& *ColNFr=é Wumber of columns on front

3 *Calls=14 Hunbar of columna on sidae

10 *DrW=§ Number of drums in one column

11 *"Preabr=S50 Nuiiber of preserved dreuimss

12 =MinMazg=0, 002 Hinimum margin for measuremants

13 *MaxMacgeD. 003 Maximum macgin for measuremsnts

i4 *Search=ALL #lace of possibly matching drums (ALL or number of
15 = adjacent columns whete to look for)

1€ *“Mode=3 0 = Crmate, select, print and match

17 = 1 = Create, select and print

ig » 2 = Creats and print

15 @ 1 = Read drum data from the edit fiald and match
20 *Zoosord=0 0 = He Printing of ths drum & coordinata

b 1l = Print the drum £ ocordinate

22 "Profila=l 0 = Ho printing of shaft profils coordinntés

23 & 1 = Print the shaft profile coordinates

24 =
25 =SIMUL TECEADR,CUReL_

26 #
47 “DATA TEGEADR
28 "Col Dr Diaml MaN1l MaPl Diamll MaNZ MaP? Height Ma¥N3 MaP3
29 A 1 © 1.4%8 -0,004 0.004 1.412 -0.002 0.002 1.465% -0.008 0.008
g = 2 O 1.433 -0.004 0.004 1.421 -0.004 0.004 1.46% -0.007 0,005
al=* 3 0 1,459 -D0.004 ©0.003 1.420 -0,002 0,001 1,472 -0.003 0.003
32 ¢ 5 0 1.45%8 ~-0,003 0.003 1.422 -0.002 0,001 1,474 -0.002 0.00Z
IzE 7 0 1.455 -0.003 0.003 1.416 -0, 003 0,003 1.472 -0.003 ©O,002
34 1 1 1.419 -0.001 0.002 1.373 =0,.004 0.003 L.464 <0.001 O.002
gw 2 1 1.421 -0.002 0.002 1.380 -0.003 0.003 1472 -0.003 0.002
3 3 1 1.414 =-0.002 0.002 1.376 =0.004 0004 L.481 =0.004 0,004
IT= &4 1 1.423 -0.004 0,004 1.375 =0.004 0.004 L.476 -0,005 0,005
3@ * 5 1 1.418 -0.002 0.002 1.370 -0.005 0,005 1.478 -0.004 O.004
3« § 1 l.438 =0.003 0.003 1.379 =0.003 0.003 1.482 -0.003 0,003
40 = T 1 1.423 -0.003 0.003 1.377 -0.003 0.003 1.469 -0.003 0._0032
i1 v 8 1 l.421 -0.003 0.003 1.377 =0.003 0.003 1.474 =0.003 0,003
4z » 9 1 1.420 -0.003 0:003 1370 -0.003 0.003 1. 484 -0.003 0.002
43 = 10 1 1,418 -0.002 0.002 1.376 <0,002 0.002 1.473 -0.003 0.002
44 * 11 1 1.417 -0.003 G:003 1.374 =0.083 4.003 1,477 -0.0D2 O.00F
45 = 12 1 1.418 -0,002 0.002 1.377 -0,003 0.003 L.478 -0,002 0.002
46 + 1 2 1.375 =-0.003 0.003 1.322 -0.002 0,003 1.668 -0.004 0.003
a7 > 2 2 1.375 -0.003 0.003 1.237 -0.004 0.003 1.39% -0.005 O.005
q8 » 3 2 1.377 =0.002 0.001 1.332 -0,004 4,004 1.444 =-0,003 &.002
45 =~ 4 2 1.371 -0.003 0.003 1.322 -0.002 0.003 1.479 -0.004 0.003
56 5 2 1.378 ~0.003 0.003 1.335 =0.003 0.003 1.643 =0.001 ¢,001
5L & 2 1.374 -0.003 0.003 1.328 -0.003 0.003 1.413 -0.003 0.002
52 = 7T 2 1.378 -0,002 0,002 1.323 -0.003 0,003 1,488 -0,002 0,002
53 & 2 1.375 -0.003 0.003 1.338 -0.003 0.002 1.321 -0.003 O.002
54 » 9 2 1.379 -0.002 0.001 1.329 <0.002 0.001 1.510 -0.002 0.002
55 » 10 2 1.365 -0.00% 0.005 1.332 -0.002 0.002° 1.457 -0.003 0.002
56 * 1 3 1.331 -0.003 0.002 1.270 -0.003 4.002 1.65%8 -0.003 0,002
8T = 2 3 1.323 -0.002 0.003 1.267 =-0.004 0.004 1.514 -0.002 O.002
5 * 3 3 1.328 -0.002 ©0.001 1.280 -0.004 0,004 i.480 -D.00Z O.001
58 4 3 1.326 ~-0,.004 0.003 1.268 -0.003 0.002 1.483 -0.002 © 002
60 = 5 3 1.331 -0.002 0.002 1.271 -0, 003 0.002 1.708 -0.002 O.001
61 T '3 1.326 -0.003 0.003 1.274 -0.0063 0.003 1,447 -0.003 0,002
62 * & 3 1.321 -0.003 0.003 1.268 -0.002 G.002 L.448 -0.002 0.002
63 = 1 4 1.264 -0.004 0.004 1.212 -0.003 0.003 1.382 -0.010 0.010
G4 = T 4 1.2%9 -0.002 0.002 1.216 -0.003 0.002 1.662 -0.002 0,001
6 » 3 4 1.272 -0.003 0.002 1.210 -0.002 0002 1.580 -0.002 0,001
BB * 4 4 1.274 -0.003 0.003 1.216 =-0.002 0.002 1.411 -0.003 0.003
T 5 4 i.268 -0.003 0.002 1.212 -0.001 0.001 1.368 -0.001 0.001
G = & 4 1.268 -0.003 0.003 1.218 -0.003 0. 003 1.347 -0.003 O.003
6B * T 4 i.274 -0.002 0.002 1.223 -0,002 0.002 1.3%6 -0.002 0.002
] T S | 1.214 -0.003 0.003 1.151 -0.004 @.003 1.32¢ -0.003 0,000
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J1* 2 5 1.215 -0.003 0.003 L.158 -0.003 0.003 1.331 -0.005 0.008
2 * 3 5 1. 200 -0.003 0.003 1.1%6 -0.002 0.001 1479 -0.001 0.001
73 4 %  1.206€ -0.004 0.004 1.188 -0.003 0,003 1.349 -0.006 0.004
74+ 5 5 1.220 -0,002 0.002 1.154 -0.003 0.003 1.500 -0.003 O.005
958 € 5 1.21% -0.00Z 0.002 1.15@ -0.003 0.003 1.484 -0.005 0.004
76 &
77 *FILE CREATE TEGEADR
T8 *FIELDE:
79" L HA_ 1ChA g8
80 ¢ 2MA- 1DA ()
Bl * 3 HA_ 4 XA CRE LR
BZ v 4 MA_ 4 YA LEE. R
B3 * S5HA Ll CB LY
B4 * ENA_ 1 DB (Y
85+ TNA_ 4 Xm LIRS
BE * EWA_ 4¥B Ll
BT * 9®A_ 1cCC LR
BB * 10 MA_ 1 DC L)
B9 * 11 NA_ 4 XC IR TLY
90 * 12 WA_ 4 ¥C (8. HED)
91 ¢ 13 NA_ 1 ¢D )
92 * 18 WA_ 1 DD (a4)
93 = 15 WA_ 4 XD (RE nER)
94 = 16 MA_ 4 YD (UL 20 )]
95 * 17T HA_ 1 CE (e
96 = 18 MA_ 1 DE )
97 ¢ 10 MA_ 4 XE (LTS
98 * 20 HA_ 4 YE (8. BER)
99 * I MA_ 1 CF (Y
100 * 22 WA_ 1 OF L)
101 = 23 MA_ 4 XF (EH BER)
102 = 24 MA_ 4 Height  (i#. &)
103 = 25 MA_ 4 NegMaczg (i )
104 = 26 HA_ 4 PoaMarg (W, B#8)
105 + 27 HA_ 4 Hmin PR
106 * 28 MA_ 4 Hmax (B0 _BEH)
107 =END
108 #
109 *FILE SAVE TEGEADR.TXT,TEGEADR.SVD
110 *FIELDS:
111 = 1 QA P
112 =2 DA /
113 = 3 Ma :
114 = &4 XA ¢
115 * 5 CB ;
116 * & DB .
17 * 7 xB .
118 * 8 ¥p ;
119 = & CC .
120 =10 pC .
121 =11 %€ p
122 =12 ¥r .
123 =13 cp .
128 =14 OB p
128 #1% XD v
126 *16 ¥D ;
127 =17 CE i
128 #18 DE d
129 =19 XE .
130 #30 YE i
131 =21 @©F :
132 *22 ©OF
133 =23 XF p
134 *24 Haight .
135 *25 HegMarg
136 "26 FosMarg LF
137 “END
138 *
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2.B. Acceptable Shafl Profiles and Maximum Entasis
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FSHAFT-MAYENT TUT S o S
-

1
|
2
3 *rutload shaft-maxent

£ ) Sucro shafE-maxent  tut by Jacl Pakkanen [Mar 31 1357}

5 / for finding the place of maximum entasis in & column shafe.

& *{btempa -1](inik}

T = LE ML '«" 7 then gote A

1] '{1515- Ii‘:.l_l:t}{d}{-rit-}{-r---}ktintmq succto{R}

*{srase]{srase] /SHAFT-MAXENT <data>,<IDl>, <ID2>.<amin>,<amax> <ehmin>,
bfahmax><accH{R}

1l *{erase] (erass}dacarminas whather shaft profile £its inca che defined |)
12 tares. (R}

12 *|erasa){erase}lD]l is the lowar limit of the shaft ID, IDZ cthe uppar, |)
14 *omin and emax{R}

15 *(erase| {erase)are the centra of the minimum and maximum entases in m,
16 * ehmin and ahman{R}

17 *{erase]{erasejgive the proporrional holght of the minimum and maoimum
18 * entasia and [R)

1% *(erase) {erassjace dufines the width of the area in m, The nusbes of £
20 "iteing shaft (R}

21 *{erase){ecase)profiles for each case acte stored in data file SHAFTFIT
27 * =VD.

23 / def Wdaca=Wl Widl=Wl Widi=§3] Wantmin=wWi{ Wentmax=W5 Wenthmin=We

24/ def Wenthmax=W7 Waccu=HE Whelpl=WE Wi=W10 Wi=W1l]l Wlin=W1Z Wcol=W13

28 f

26 = A7 (save curscr Wlin,Wcoll}{R}

27 *GECRATCH f{act} [hoame}FILE CREMTE SHAFTFITIR)

28 *FIELDE: {R)

[
=R

23 ¢ 1 HA_ 4 EntH (0.88) (R)
30 ® 2 MA_ 4 MaxEnt CH. RN (R
31 3ImMA 4N (ERERR) |R)
32 vEMD(R)

33 *{ué) (act] (Wi=Henthmin}

34 4 Malnloop: {(jump Wlin Wlin 1,1} [R}
35 *ESCRATCH /(act] (home) (Wi=Wentmin]
a6 S

37 / Scarting leoeop:
38 4 Loop: (jump Wlin Wlin,1,1}{R}
3% *ESCRATCH /f{act] {homs)
40 / Calling SHAFT-CURVE.TOT
41 *(save stack halpstck)/BHAFT-CURVE [print Wdata),[print Widl),
42 d{print Wid2], (WhelplsWi+Wacou) [print Whelpl), [WhelplsWl-Raccu)
43 *({print Whelpl}, {print Wj),(print Waccu) |tempo +1) (ack) | tamps -1)
44 *{load stack helpstck] (R}
45 “EWSCRATCH /{act] [home] IND=OK,1(R]
46 *STAT (print Wdata] ,CUR+1 / VARS=Haeight[act) [N}
47 *{find m)(z]{sava line Whelpl){jump Wlin Wiin, 1,1} (R}
48 *WSCRATCH /{act)] {home}DATA FITTING{R]
49 YEntM MawEnt N{R}]
50 *(print Wil {print Wi] (print Whalpl}iR}
51 ¢ (d]VAR O¥=0 TO {print Wdata){sct}[home) {ecass}SAVER O \E\RESULTS (act)
52 d{homm) {ecase | FTLE COPY FITTIHNG, SHAFTFIT[act)
!

54 % (Wi=Wi+0.001]

55 - AF Wi <= Wantmax then gots Loop

56 *{Wi=Wi+0.01)

57 - if W) <= Wenthmax then gots MainLoop

58 + End: (jump Wlin,Wlin,1,1)(tempo +1) {end)
E3

&0 *

61 *SHAFT-CURVE. TUT

&2 =

3 "Eutlond shaft-corva

64 / Sucro shaft-curve.tut by Jsri Pakkanan (Mar 31 1997)

65 / for determining whather shaft profile fits into tha defined scom.
66 “{cempa -1}{init]

&7 - Lf Wl "«<>" ? then goto A
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= Af W1l '<>" 7 than goto A

*|line start]) [d] {ersse) (acass}Activating sucro{R)
“(arsae] {arase ) /SHAFT -CURVE <data>,<IDl>,<ID2> <maxmnt>, <minant>, <anth
b daccuracy>[R}

*{erase| {erass|daterminas whethar shaft profils fits into the dafiped ||

tarma, (R}
*{araso){arase|lDl is tha lowar limit of the shaft ID, IDZ tha upper. {1}
'maxent and {R}

*larasge)] {erase)minent Are the mawimoam and minimasm anktasda in m, anth g
*ives the [R]

®|érase) {arase)proportional height of the maximum éntasis and accuracy
* in m defines (R]

flerase) {ecasa)bhe width of ths ares (plus-minus at tha top and bottom
"J. (R}

l{q:n{:n End}

J duf Whara=Wl WidleWd wWidlew3l Wmaxsnt=WNi{ Eminsnc=Wl Wmaxanth=Wé

/ def Haccu=W7 Wcoldl=WE Wcoldu=W3 Wcolh=W10 Whelpl=W1ll Wxtop=W12

{ daf Wm=W13 Whord=Wld Wverd=W1S Wxant=W1lEl Wlin=W17 Henth=WlE Wal=W1Q
/ daf WblsW20 WolsMW2l WlinZs=WZ2 Wlind=W23 Wal=Wid Wb2Z=W23 Wci~Wif

f dof WeZe=W2T Wid=W28 Wx=W239 Wy=Wi0 Wok=Wil Wyl=W32 WyZ=W33

+ A: (R}

'I&I;'.MNH flact) (hame] . (ecpy) [(R)

'{F

*laave curscr Wlin Whalpl ) |WidsHidl)

+ Loop: {Jump Wlin . Wlin,l, l){ecase]IND=Heco, (print Wid} (R}

FHASK=- =R~ =AR= == =A== Hh= =Nl (R}

*FILE LOAD (print Wdata) (act) (R}

*[d2) (wave curzor Wlin2 Whelpl)(line end) (1) {save word Weolh) (18]
;{:m word Wxtop]

/ Datermining the coordinates of maximum sntasis:

f 1. Sleps Wm of the straight lines fram bottom of the column ta tha bap:

# (Hm=Wcolh/HWxtop)
!

/ 2. Horizontal distance from maxenc-point o stralght line:
* |WhelpleHn*HWm) (Hhelpl=1/Wholpl | [Whelpl=Whalpl+1)

* (Whord=Wmaxent/Wholpl)

!

/3. Vertical distance from maxent-point to straight line:
*(Whelplel Hn} |Wvecdathelpl *Hhoed |

/

/4 ¥H-coordinate of tha nl.:lt-nt—]:nint.'
*{Wanthe=Wmaxsnth"Woolh) {Whalpl=WHanth-Wyard) (Hhelpl=wWhelpl/wWa)
E (Wxant=Whalpl-Whord)

!

/ Calling LSCMAT.EXE:

*[R]

*{line start].lcopy] iR}

*{Rr]

®*(gave cursor Wlind Whelpl |oSCRATCH /[act] (home]DATHR SHAFT: (R}
*  =(write Waceu] O(R]

¥ ~|wrEits Waceuw) iR}

¥ [write Wxent] [write Wenth){R)

. {HhalplaWxtop-Haccu ) (weite Whelpl) {(write Wealh){R)
. {wzite Whalpl] ([write Wealh| END(R]

*{d}LECHMAT SHRFT I CUR+I (act}{R}

*{d12I1MAT SAVE Alacst} (R}

AMAT SRVE Biact}{R}

*MAT SQLVE X FROM A*X=8{act}{R}

SMAT LOAD X, CUR+]{act) [(R]

*(d3) {aaxt word) (savae woard wWal)(R)

*(next word]{save word Wobl}{R}

*(nexe word] (save ward Hel)

!

f Detarmining the coordinntes of minimmm anteals:

J/ 2., Horizeontal distance from minent-point to straight line:
* [WhelplaWm*Wn) [(Fhelplel /Whalpl | (Whelpladhelpl+l)

* [Whord=Wminant/Whalpl]

£

J/ 3. Vertical distance from minsnt-point to straight line:
* {(Whalpl=1/Wm} {Wverd=¥halpl*Whord}

o

! 4 ¥e-goordinate of the minent=-point:
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140
141
14z

* [Wanth=¥maxanth*Wecolh} (Whalpl=Wanth-Wvard| [Whalpl=Whelpl/Wmj
* [Wxant=Whelpl -Whord]

s

/ Calling LSQMAT.EXE:

*{jump Wlind ,Wlin3d,1,1l}wSCRATCH /[act} [homeDATA SHAFT: (R}
{write Waccu) O{R]

{write Wascul  G{R}

{wrlte Wxant] (writes Wenth}{R}

{WhalpleWxtoptHacou ) (writa Whalpl) ([woits Woolh) [R)

{write Whelpl] {write Woolh) END(R)

*[d) LEQMAT SHAFT .2 CUR+1{act) (R}

*{d12}MAY SAVE A{act][R)

‘MAT SAVE H{act} (R}

"MAT SOLVE XK FROM A"X=Blactj][R)

"MAT LOAD X, CUR41{act} (R}

dl)} {next word) {asve word Wa} {R]

“{next word}{save word Wk2}{R}

*inext word){aava word We2}(R)

b jeepyl iR}

R}

*{Wok=0]

« Data: {Jjump WlinZ WlinZ,l,l}|next word) [{save woxrd Wx)[next word)
*[save word Wyl [homa] {dalld)

= 4Ff Wx "=' Wxtop then goto Check

“lpre) |d) (pre) {d] ([weite Hal)l)+{(welte Whl))* (welibte W)+ | [welite Wel))*
*{write Wx]*2={act){save line HWyl}{home){ecasae) {{wcite Wa2})}+|
flwrite WB2Z))*(weite Wx)+ | |wrikte We2)) *(write Wx)*2=act)
*(save line Wy2){hcma}]|ezaze]

= 4f Wy > Wyl than goto Copy

- 4f Wy < Wy2 than gots Copy

“{goto Datal)

+ Chask: (pral{d}l{pea}{d]{{vweiza Wal})+({wests Wal])* [(weice Wel+(
fjwrite Holl)t{write Wx}*I={act}{save line Wyl}{homs) {erase} |
*write Wa])+i|veices Wh2))¥{write Wil+({write We2})*{writs Wu}*2=
tfact] (save line Wy2){home)[erase]

- LE Wy > Wyl then goto Copy

= Af Wy < Wy2 then goto Copy

*{Hok=1)

+ Copy: FILE COPY APUL, [pzint Wdata) (i)

"MATCH=Hro (R}

*DATA APUL(R]

*Nra OFK al Bl =1 a2 b2 =2{R}

t{write Wid) (write Wok} (write Wal} (wzite Whl)} [wzite Wcl) (]}
*(writs Wal] (weits WB2} (writs Wz2} R}

e} {act) (Wid=Wid+1}

- AF Wid » Wid2 Ehen goca Jump

*{gote Loopl

# Jump: {jump Wlin, Wlin.1,1){u2)

+ End: {tempo +l}{end)}

.

L]
* | LEQMAT  EXE
L]

*loadp c:\cElllegmat.c
/% ULEQMAT.C 29.5.1995/Jari Pakkanen */
&

flinclude <atdic. h>
vfinsluds <xtdlib. h>
tfinclude <conic.hi
*fincluds <mallac.h>
finclude <math.h>
*#includas “sarvo.h"
vfinclude "survoext. h"
*finclude "survedat.h®

L]

‘ldefine MAX 50 F* Maximum number of coordinates .r
vEdafine DEG 4 f* Max pize of matrix (for 3Jrd dagrea funstion) */
L]

'Eﬂm_m.l d;

5

seankle NC[MAX] : f* X cosrdinats Axts ./
tdouble YO [MAX] . f/* ¥ coordinate data Ly
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212 *double MA[DEG][DEG]: /* Matzrix A T |
213 *double ME[DEG] : /* Matrix W LY
214 *double SumX; /* Sum of X'a ./
215 fdouble Sumi2; /# Sum of X'="2 &/
216 “doubles Sumi3: /™ Bum of X'e~3 L'
217 ¥*double SumX{; f* Sum of X's*d &)
218 *doubla SumX5; /* Sum of X's*5 -/
#19 adouble Sum6: /% Sum of X'=*6 ./
220 *double SumY | /* Bum of ¥'s of |
221 =double Fumy; /% 3um of X*Y's b
222 *double SumiZ¥; f™ Gum of X*2"Y¥'as .y
223 *double SumX3¥; S* Sum of X*3vY's .
224 "int i, 5 ,degres, results line;
225 "char line[LLERGTH] :
228 *char s=lem[32]:
227 »
228 *main(srgc,mrgu)
229 *int argc: char *argv[]:
230 ¢ i
231 # if (srgc=l) retuorn:
232 = a_initiacgw[l]):
233 ¢ if (ge3)
234 = {
235 = gur print ("\nlaage: LEQMAT <dava> <degree> <output line>"}):
236 = WAIT! retuen; ==
237 =
23g » rosults linesd:
239 = if [g=3}
240 * {
241 » regults_line=sdlineld (word(3].1.1):
243 ® LE (results line==0) caturn;
243 * i
244 = i=data_open(word[l] &d): if ([i<d}) return.
245 = i=mask(&d) ; 1f (1<0) return;
idg * =0
247 = for [i=0: i<d.ml L+=2)
248 ® i
249 = data_load(sd.d.ll.i,eXC[]3]):
250 = dats load(&d d.11 4+1 8¥C[1])¢
251 ¢ t*3:
Z52 * 1
253 »
254 ® /* CALCULATING THE LEAST-SQUARE MATRICES +/
258 *
236 » /% 2nd and 3cd degree functions +/
257 =
258 * Sumi=l; SumdZ=0) Sumdimd; SumXdsd; SumiSsl; Bumiénd)
259 = Sum¥=0 | SumX¥=0! Sum¥2¥=0! Sumd3I¥=0,
280 for (i=0. i<=d.n; ++i)
261 * i
2E2 ¥ SumX=SumX+XC[i] ;
263 = Bum2wFam¥Z+HC [1] *XO[41] ;
264 * SumXI=SumX3I+XC [1] *XC[1] *HC (1]
265 » SumXd=SumX4+XC [1] *HC[L]=*HC[1] *XC[1] :
266 * SumYeSum¥+¥CiL] ;
267 ® SumXYwSumN¥+NC[4]*¥C[4] s
268 *® SumXZYeSumXZY4RO[ 1] N[ L] #YE[L]
269 = 1
270 # degres=atol (word[2]);
271 = if (degres==31) /* 3Ird dagres funccion */
272 W for (i=0;, ld<=d.n; +=i)
273 * |
274 ® BumXGeSumdS+XC [L] *AC[L] *XC[1]*XC[L]) *XC[4]) s
275 = SumXE=SumNE+HO [L] MO [L]*HE [L]*XO[L]*X2[4] =RO[L]
276 ¥ SumX3¥=SumXI¥4XC (1] *XC[L]*XC[L])*¥T[i];
277 = i
278 » MA[O] [O]=d.n/f2;
279 = MA[O] [1]=5um¥ - MA{L] [0]=Bumi;
280 * MA[O] [2]=SumXZ; MA[Ll] [1]=SumX2: MA[2] [0]=Sumk2:
281 » MA[1][2]=Sum¥3; MA[2] [1]=SumXd;
282 = MA[Z] [2]=5umX4 :
283 & WE[D]=8wni
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284 » ME[1l]=5umXY:
285 » ME[2]=SamX2Y;
286 * if (degras==3) /* 3rd degres function ¢/
287 ® i
288 = MA[Q)] [I]=SumX3: MA[IF] [0]=Sumd3:
28% = MA[L1] [3]=Sumd: MA[3] [1]=5umid
290 = MA[Z] [3]=SumiS: MA[3] [2]=5umdS;
281 MA[3] [3]=Sumké
29z = ME [ I]=SumxX3¥
253 ¢ I
294 = data close (&d) ;
295 »
296 * /* OUTPUT OF MATRICES TO EDIT FIELD =/
297 =
298 = owtput open (sout) ;
299 ¢ stropy (line , "MATRIX A") :
Inn = print_line{line);
gl = if (degres==2)
302 » strepy (lina, " //F O 1 27} 2
Jp3 = alze
304 = stropy (line, " /// O i 2 ary:
305 » print_line(line)
06 = Lf (degroa==2)
3oy - for (i=0; i<=3; ++1)
3o = i
309 = sprintfiline,"%d ;i)
310 = for (=l §<a2: ++3)
31 = {
312 = fnconv (MA[1] [53] ,accuracy+6, alem) ;
313 » atrnzat(line,slam,acsurasy+6) :
314 ®
315 * prant_lina(lina);
316 = i
317 = elEe
3lg * for (lud; l<=3; «+i)
319 = 1
320 » sprintf(line,"%d ", i}
gg% * for Ejhﬂ: j€=3: ++3)
L]
32% = fnconviMA(L] [§] . accusacy+E  alem)
324 * strncat (line, emlem, accuracy+6) :
328 =
326 » print line{line}
32T w 1
ize » stropy (lipe, ™ ")
29 = Print_linailine) |
330 # stropy (line, "MATRIX B") )
B37. = print_line(lina)
33z stropy (line, " //F OV},
233 = print line(line);
334 ¢ for (i=0: i<=3; ++i)
335 = [
336 ¥ gprintf{line, "% ",1j;
337 » fnconv (MB[i] ,accuracy+E, wlem) :
J3a » strncat(line,alem, accuracy+6) ;
33ap # print_line (line);
340 * ]
Jq1 = if (degras==3) /* Jrd dagres function */
34z & [}
343 = atrepy (line, "3 “)r
344 w fnoony (MB[ 3] ,scouracy+6 elem) ;
345 * strncat(line,alem, accuracy+h) :
g = print_line (line)
347 = 1
348 v strepy(line,” “|;
345 = print lice(line);
350 » output_closw (ecut) ;
a5y ® i
352 =

353 *print line(line)
354 *char *line:

355

I
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358 cutput_line(line,ecut,.results_line):
357 = if (resulta line) +éresulta line;
358 = i
355 &
360 =

381 *EXAMPLE:
362 *TEGEADRZ . SVO, MaxEni=0,00%-0.013, Enth=0. 40-0, 660
i

364 */SHAFT-MAMENT tegeadr2, I, 1678,0.009,0.013,0,.40,0.60,0.0015
L




Index

abacus, see column: capital
Alea 4
Aleus 4
anathyrosis 24, 31, 83
annulets, see column: capital
architrave, see entablature
Argive Heraion
second temple of Hera 35,
73 (+ n.51), D1-2
arris, see column
Athens
Parthenon 5, 18, 38 n. 8, 39
(+nn. 13, 15), 46
Stoa of Attalos 18
axial spacing 7 n. 37
Bassai
temple of Apollo 26 n. 49, 35,
38n.8,39n. 11, 73, D1-2
bootstrap-t method, see statistics
capital, see column
cellal, 4-9 (+n.19), 12, 38, 62 n. 32, 83
column
arris 5 n. 19, 14, 18, 23, 83
repair 28-30
capital 4, 23-24, 26-27, 31-40,
B1-6
abacus 26-27, 31, 34-35, 38—
39, 46, 83
annulets 31, 83
echinus 31, 34-35, 38, 83
proportions 34-35, 38-39
trachelion, 34, 83
corner c. 23-24
drum 4, 11-30, 46, 49-63, 68, 83,
Al-61
entasis 8, 14-15, 27, 62-73, 83,
E2-3, E25-30
design 68-72
fluting 14, 18, 23, 28, 58
porchc. 9, 12, 27-28
shaft height of 14, 49-62
drum combinations 2-3, 49—
50, 62, E2, E8-24
vertical shaft 24-26 (+ n. 49)
computer programs 2, 54-56 (+ n. 15), 62—
63, E1-30
computer simulation 54-56, E2, E8-24
confidence interval, see statistics
conic sections 68-69
Corinthian order 1, 5, 7
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Delos
temple of the Athenians 29 n. 59
Delphi
fourth cent. Temple of Apollo 35, 73,
D1-2
fourth cent. Temple of Athena 35, 73,
D1-2
temple of Athena Pronaia 29 n. 59
tholos 5 n. 19, 35, 73, D1-2
treasury of Kyrene 73
Didyma
temple of Apollo 69 n. 44
Doliana 8 (+ n. 45)
Doric order 5 (+ n. 19), 12, 73
dowel 12 (+ n. 9), 18, 24, 57-58, 83
echinus, see column capital
empolion 12 (+ n. 9), 18, 24, 57-58, 83
entablature 9, 83, C1-C5
architrave 31, 45-46, 83, C1-C5
curvature 27, 39, 45-47
frieze 4, 45-46, 83, C1-C5
triglyph 46, 83
entasis, see column
Epidauros
temple of Asklepios 35, D1-2
tholos 26 n. 49, 35, 73, D1-2
euthynteria 3, 7 (+ n. 37), 25, 83
foot units 8, 50, 67-68
foundations 83
curvature 25 (+ n. 46), 27, 41-43
frieze, see entablature
lonic order 5 (+ n. 19), 9
krepidoma 27, 46, 83
Labraunda
temple of Zeus 54
marble quarries 8 n. 45
measurement errors 2 (+ n. 7), 12 (+ n. 6),
22 (+n. 24),38n. 8, 62-63, A8
Megalopolis
Thersilion 35, D1-2
Minerva Alea 4
Monte Carlo methods, see statistics
Nemea
temple of Zeus 7, 14, 26 n. 49, 35,
50, 58 n. 27, 73, D1-2
Olympia
Metroon 35, 39 n. 10, D1-2
opisthodomos 12, 27, 83
paradeigma, 38 n. 7
Pausanias 5
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pedimental sculptures 8
Piali 4
podium 5 (+n. 19),9
pronaos 12, 27
proportions 9, 23, 34-35, 38-39, 72-79
ramp 8, 20
refinements 25 n. 47, 38 n. 8, 41-47
shaft, see column
Skopas of Paros 4, 8, 68-69
statistics
bootstrap-t method 53-55 (+ nn. 13-
15)
confidence intervals
classical 52 (+ n. 8), 56
bootstrap-t 53-55, 59-62,
73n.51, E1, E4-5
Monte Carlo methods 54-56, E1,
E6-7
normal distribution 52
probability of matching drums 57
random samples 52, 55-56, E2, E8-9
Stratos
temple of Zeus 8, 35, 73, D1-2
stylobate 25, 41, 43, 83
Tegea
Archaic temple 3 (+ n. 9), 6-9
Byzantine buildings 4, 8
Classical temple 3, 8-10
architrave 4, 31, 45
axial spacing 7 n. 37
capitals 4, 23-24, 26-27, 31-
40, B1-B6

Tegea, Classical temple (continued)
cellal, 4-9 (+n. 19), 38,
62 n. 32
podium5 (+n. 19), 9
column drums 4, 11-30, 46,
49-63, 68, A1-61
fluting 14, 18, 23, 28, 58
Corinthian order 1, 5, 7
date 9
description of 8-10
entablature 9, 27, 39, 45-47,
C1-C5
entasis 8, 14-15, 27, 6273
euthynteria 3, 7
foundations 25 (+ n. 46), 27,
41-43
frieze 4
lonic order 5 (+ n. 19), 9
pedimental sculptures 8
ramp 8, 20
shaft diameters 22-23, 27
shaft height 49-62
stylobate 25, 41, 43
vertical shaft 24-26
excavations 3, 6-7, 9, 11-12, 39
Geometric buildings 6-7
stadium 4
toichobate 5 n. 19
trachelion, see column: capital
triglyph, see entablature: frieze
Vitruvius 41
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