173

A “New’’ Method in Archaeology:
Architectural Energetics
Ebru Kaner!

Article submitted: 24 May 2022
Article accepted: 3 September 2022
https://doi.org/10.54930/TARE.2022.5693

Abstract

he question of how the ancient structures, which evoke admiration among visitors to exca-

vation sites, ruins, and museums, came to be, has puzzled almost everyone. Although expe-
rimental studies have sought answers from time to time since the 1900s, many questions were
answered with the introduction of the field of study of architectural energetics into archaeology
in the 1980s. In this study, architectural energetics is used to answer many unanswered questi-
ons, such as how the labor force was calculated and whether the economy of the society could be
understood with the resulting costs, what kind of social structure this society had, how the labor
force was organized, the distribution of gender roles in the workforce, and how to calculate the
population of the settlement. The goal is to find answers through the method and provide confir-
mation of the existing information. Although the use of this “new” method has been applied to
specific architectural structures in many settlements in various parts of the world or to the texture
of a city or settlement, this process has not yet been the case for Anatolian archaeology. The aim
of this study is to practice the method of architectural energetics in Anatolia in the future.
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Introduction

Understanding the architectural structures of the ancient period has an important place in
archaeology. Although architectural structures provide us with anthropological data, the technical
evaluation of structures in the architectural category opens new areas for archaeology. With in-
terdisciplinary studies, it is possible to mention the dynamics of a settlement from many different
viewpoints.

It has always been a matter of curiosity how large, massive structures considered monumental
were built in antiquity, who built them, and the techniques, technologies and engineering knowledge
required to build them. The monuments may vary depending on the era and geography in which they
were built. In reality, they are grandiose, large structures with a long construction period and high
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cost, created by a collective effort that will be highlighted here. The construction of many monu-
mental structures, such as the Gobeklitepe, Stonehenge, the Egyptian pyramids, the structures of the
Classical and Hellenistic periods, the Mayan pyramids, the Great Wall of China, the structures of the
Roman Empire, the Moai statues and the structures of the Inca Empire and many more have been
the focus of research. Both in popular or monumental structures and excavations of burial mounds,
the structure and architecture of the settlements are the primary highlight of the research. With this
information, one can find answers to questions such as the social structure, socio-economic struc-
turing, as well as the technology, engineering and material knowledge of the era. Together with the
answers obtained, many open questions arise, such as the welfare of the society, the social status,
raw material resources, labor organization, the distribution of workers in society in the comprehen-
sive construction activity, and the role of gender in the distribution of workers.

One of the doors that the study of architecture opens to archaeology is the question of how,
by whom, and in what period an architectural structure was built. These questions can be asked
for the settlement structure of a city as well as for individual monumental architectural structures.
Just as the way an architectural structure was built determines its time, it’s also crucial who built
it, how it was built, and how long its construction lasted. It’s from this perspective that the field
of architectural energetics has been incorporated into archaeology.

Research History of the Architectural Energetics Method

Since the mid-nineteenth century, anthropology has attempted to show that there is a strong
relationship between the work that reveals monumentality in architectural structures and the soci-
o-political complexity that formed around the work along with archaeology. L. H. Morgan, one of
the most prominent theorists in the field of anthropology, has demonstrated the impact of architec-
tural structuring on political organization, family structure, and kinship relationships between and
within cultures.?

In addition to the political symbolism that characterizes monumental architecture, it has long
been known that there are many areas that need to be studied, such as the complexity of structures,
engineering studies, technological innovations, and workforce needs. Along these lines, U.S. arc-
haeologist G. Fowke conducted a study in Ohio in 1902 to calculate construction costs based on
labor estimates.® Fowke began by observing the largest mound in Butler County, Western Ohio,
and recorded the employment rate of the workers by comparing the volume of soil carried by the
workers with that of bearers. As a result, he claimed that even the largest earthwork required fewer
workers than expected and concluded that architectural structures in the region could be built with
a relatively small number of locals.# In the years that followed, E. Curwen® and E. H. Morris, J.
Charlot, and A. A. Morris® contributed to the work of labor analysis by producing technologies,
chronologies, and regional classifications of ancient buildings.

The impact of architecture in solving anthropological problems, which began to be studied by

2 Lewis H. Morgan, Houses and House-Life among the American Aborigines (Washington: Government Printing Of-
fice, 1881).

3 Gerard Fowke, Archaeological History of Ohio: The Mound Builders and Later Indians (Columbus: Ohio State Ar-
chaeological and Historical Society, 1902).

4 Fowke, Archaeological History of Ohio, 81.

5 Eliot Curwen, “On the Use of Scapulae as Shovels,” Sussex Archaeological Collection 67 (1926): 139-45.

6 Earl H. Morris, Jean Charlot, and Ann Axtell Morris, The Temple of the Warriors at Chichen Itza, Yucatan, Carnegie
Institution of Washington Publication 406 (Washington D.C.: Carnegie Institution of Washington, 1931).
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Morgan, took on new significance through Fowke’s view. Thereafter, G. V. Childe,” E. R. Service,®
and M. H. Fried® focused on the existence of an educated and skilled artisan class, the labor force
used in construction, the need for an organization that could manage the workers in question, and
the existence of a political power that would use the labor force simultaneously.

In the years following World War II, a program called ECAFE (Economic Commission for
Asia and the Far East) was established in 1957 and 1961 in cooperation with civil engineers, based
on a commission established by the United Nations. Although the ultimate goal of this program
was not clearly stated, it was intended to record, through a series of experiments, the labor and time
required to dig and transport soils of various types and quantities.’

In the 1960s, anthropological studies were advanced as part of a desire to uncover the structu-
re and socioeconomic conditions of ancient societies in the context of the energy of labor expended
on the cost of buildings. Although the early work of researchers such as R. F. Heizer,"" D. Kaplan,'2
C.J. Erasmus,” and S. Aaberg and J. Bonsignore™ amounted to classifying communities as chief-
dom or state, at one stage it actually led to an analytical perspective on architecture and craft. In his
article “Monument Building: Some Field Experiments,” published in 1965, Erasmus conducted a
series of experiments with indigenous workers he hired in Mexico. In the Las Bocas region, he as-
signed earth excavation and transportation work to the workers, while Ticul observed the quarrying
and stone transportation work he performed in the Yucatan region and shared the results of his notes
from these experiments. During the experiments, he explained what work the workers did with what
tools, how many hours they had to work to extract 1 m® of earth or stone, how many hours they
could work productively, at what times of the day they worked, how much weight they could carry
during transportation, and as a result of the detailed observations, made a simple volumetric analysis
of the construction activities. He calculated the person-day (man-day) as the equivalent of the effort,
energy, and time spent to obtain the volumes."™ Thanks to this experimental study, he was able to
calculate the cost of all the architectural structures of the Maya settlement in the Uxmal region.®

The first expression in Europe of this experimental research, which began in South America,
was seen in the work of the leader of the Stonehenge project, R. J. C. Atkinson, in England. The
author’s article “Neolithic Engineering,” published in 1961 after the 1960 book “Stonehenge” is an
important work as it clarifies some unknown issues, such as how many people could have worked

7 Gordon V. Childe, “The Urban Revolution,” Town Planning Review 21, no. 1 (1950): 3—17.

8 Elman R. Service, Primitive Social Organization: An Evolutionary Perspective (New York: Random House, 1962).

9 Morton H. Fried, The Evolution of Political Society: An Essay in Political Anthropology, Studies in Anthropology 7
(New York: Random House, 1967).

10 ECAFE (Economic Commission for Asia and the Far East), Manual Labor and its More Effective Use in Compe-
tition with Machines for Earthwork in the ESCAFE Region, United Nations E/CN.1l/Conf. 3/L.L, Manila: United
Nations, 1957.

11 Robert F. Heizer, “Agriculture and the Theocratic State in Lowland Southeastern Mexico,” American Antiquity 26,
no. 2 (1960): 215-22.

12 David Kaplan, “Men, Monuments, and Political Systems,” Southwestern Journal of Anthropology 19 (1963): 397—
407.

13 Charles J. Erasmus, “Monument Building: Some Field Experiments,” Southwestern Journal of Anthropology 21,
no. 4 (1965): 277-301.

14 Stephen Aaberg and Jay Bonsignore, “A Consideration of Time and Labor Expenditure in the Construction Process
at the Teotihuacan Pyramid of the Sun and the Poverty Point Mound,” in Three Papers on Mesoamerican Archae-
ology, ed. John A. Graham and Robert F. Heizer, Contributions of the Archaeological Research Facility, University
of California, Berkeley 24 (Berkeley: University of California, 1975), 40-78.

15 Erasmus, “Monument Building: Some Field Experiments,” 277-301.

16 Erasmus, 288, 289.
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on the construction of Stonehenge, how and with how many people the stones weighing tons were
transported, what technologies were used in the transport.'”

In 1975, Aaberg and Bonsignore, in their study entitled “A Consideration of Time and Labor
Expenditure in the Construction Process at the Teotihuacan Pyramid of the Sun and the Poverty
Point Mound,” began to take a new step by formulating the costs.™ In doing so, they did not conduct
any new experiments, but used the results of experiments conducted previously.'” When the studies
were published in the 1980s, researchers such as J. S. Athens,2°R. J. Wenke,?' and R. H. McGuire?2
objected, arguing that methodological studies were too prominent and overshadowed understanding
of the social processes of communities. In the course of the discussions, K. G. Lightfoot and G. M.
Feinman argued that research conducted from this perspective opened new doors and recognized
in their studies in Mogollon villages in the American Southwest that the size of quarries associated
with the ratio of nonlocal goods increased with the presence of larger storage facilities. They suspe-
cted the existence of a village headman or chief in Mogollon communities.2® Academics such as J.
E. Amnold and A. Ford,2* R. H. Cordy,2® and C. Cheek?® argued that energy studies of architecture
are one way to understand the dynamics and cultural patterns of societies and that studies in this area
should be expanded and improved.

In the 1990s, E. M. Abrams made an important contribution to archacology with the results
he obtained through his work in the field of architectural energetics, particularly in Maya structures.
His doctoral dissertation, first published in 1984, referred to the organization of work and const-
ruction in the Late Classic period in the Copan region of Honduras.?” In 1989, “Architecture and
Energy: An Evolutionary Perspective,” he first introduced the concept of architectural energetics to
archaeology and defined this method as architectural energetics.?® In his 1994 book entitled “How
the Maya Built their World,” he used the results obtained by applying the architectural energetics
method to Maya structures to determine the social hierarchy, community economy, and work or-
ganization in Maya society. In doing so, he divided the structures into contiguous parts and used

17 Richard J. C. Atkinson, “Neolithic Engineering,” Antiquity 35, no. 4 (1961): 292-99.

18 Aaberg and Bonsignore, “A Consideration of Time and Labor Expenditure,” Appendices 1 and 2.

19 Aaberg and Bonsignore, 46—56.

20 J. Stephen Athens, “Theory Building and the Study of Evolutionary Process in Complex Societies,” in For Theory
Building in Archaeology: Essays on Faunal Remains, Aquatic Resources, Spatial Analysis, and Systemic Modeling,
ed. Lewis R. Binford (New York: Academic Press, 1977): 353—84.

21 Robert J. Wenke, “Explaining the Evolution of Cultural Complexity: A Review,” Advances in Archaeological Meth-
od and Theory 4 (1981): 79-127.

22 Randall H. McGuire, “Breaking Down Cultural Complexity: Inequality and Heterogeneity,” Advances in Archaeo-
logical Method and Theory 6 (1983): 91-142.

23 Kent G. Lightfoot and Gary M. Feinman, “Social Differentiation and Leadership Development in Early Pithouse
Villages in the Mogollon Region of the American Southwest,” American Antiquity 47, no. 1 (1982): 64-86.

24 Jeanne E. Arnold and Anabel Ford, “A Statistical Examination of Settlement Patterns at Tikal, Guatemala,” Amer-
ican Antiquity 45, no. 4 (1980): 713-26.

25 Ross H. Cordy, 4 Study of Prehistoric Social Change: The Development of Complex Societies in the Hawaiian
Islands (New York: Academic Press, 1981).

26 Charles Cheek, “Construction Activity and Sociocultural Integration at Copan,” 50th Annual Meeting of the Society
for American Archaeology, (Denver: 1985); “Construction Activity as a Measurement of Change at Copan, Hon-
duras,” in The Southeast Maya Periphery, ed. Patricia A. Urban and Edward M. Schortman (Austin: University of
Texas Press, 1986): 50-71.

27 Elliot M. Abrams, “Systems of Labor Organization in Late Classic Copan, Honduras: The Energetics of Construc-
tion,” (PhD diss., The Pennsylvania State University, 1984).

28 Elliot M. Abrams, “Architecture and Energy: An Evolutionary Perspective,” Archaeological Method and Theory 1
(1989): 47-87.
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volumetric calculations to set the amount of energy consumed to one person-day.2®

In the late 1990s and 2000s, J. De Laine calculated the cost of bath structures for his do-
ctoral dissertation using the metric measurements of baths built by Caracalla, one of the Roman
emperors.3° Today, many researchers such as R. D. Fitzsimons,® M. Devolder,32 L. McCurdy,3? F.
Remise,®* J. Lancaster,3® A. J. DeLuca,® C. H. Lacquement,3 R. L. Smailes,®® A. Brysbaert,*® F.

29 Elliot M. Abrams, How the Maya Built Their World: Energetics and Ancient Architecture (Austin: University of
Texas Press, 1994).

30 Janet DeLaine, The Baths of Caracalla: A Study in the Design, Construction, and Economics of Large-scale Build-
ing Projects in Imperial Rome, Journal of Roman Archaeology Supplementary Series 25 (Portsmouth: Journal of
Roman Archaeology, 1997).

31 Rodney D. Fitzsimons, “An Energetic(s) Approach to Late Helladic Tomb Construction: Funerary Architecture and
State Formation at Bronze Age Mycenae,” in Meditations on the Diversity of the Built Environment in the Aegean
Basin and Beyond: Proceedings of a Colloquium in Memory of Frederick E. Winter, Athens 22—23 June 2012, ed.
David W. Rupp and Jonathan E. Tomlinson, Publications of the Canadian Institute in Greece 8 (Athens: The Cana-
dian Institute in Greece, 2014): 83—120; “Architectural Energetics and Archaic Cretan Urbanisation,” in From Ma-
ple to Olive: Proceedings of a Colloquium to Celebrate the 40th Anniversary of the Canadian Institute in Greece,
Athens, 10—11 June 2016, ed. David W. Rupp and Jonathan E. Tomlinson, Publications of the Canadian Institute in
Greece 10 (Athens: The Canadian Institute in Greece, 2017): 345-83.

32 Maud Devolder, Construire en Créte minoenne: Une approche énergétique de [’architecture néopalatiale, Aegacum
35 (Leuven: Peeters, 2013); “Manpower and Neopalatial Architecture: The Architectural Project as a Meaningful
Experience,” in Minoan Archaeology Perspectives for the 21st Century, ed. Sarah Cappel, Ute Giinkel-Maschek,
and Diamantis Panagiotopoulos, Aegis 8 (Louvain-le-Neuve: Presses universitaires de Louvain, 2015): 241-52.

33 Leah McCurdy, “Visualising Architecture: The Experience of Creating Virtual Reconstructions” (master’s thesis,
University of York, 2010); “Building Xunantunich: Public Building and Labor Organization in an Ancient Maya
Community” (PhD diss., University of Texas at San Antonio, 2016); “Peopling Monuments: Virtual Energetics
and Labor Impact Analysis of Monumental Construction at Xunantunich, Belize,” in Architectural Energetics in
Archaeology: Analytical Expansions and Global Explorations, ed. Leah McCurdy and Elliot M. Abrams (London:
Routledge, 2019), 205-34.

34 Frangois Remise, “An Energetics Approach to the Construction of the Heuneburg: Thoughts on Celtic Labor Cost
Choices,” in Architectural Energetics in Archaeology: Analytical Expansions and Global Explorations, ed. Leah
McCurdy and Elliot M. Abrams (London: Routledge, 2019), 76-95.

35 Jerard Lancaster, “To House and Defend: The Application of Architectural Energetics to Southeast Archaic Greek
Sicily,” in Architectural Energetics in Archaeology: Analytical Expansions and Global Explorations, ed. Leah
McCurdy and Elliot M. Abrams (London: Routledge, 2019), 95-113.

36 Anthony James DeLuca, “Architectural Energetics and the Construction of Circle 2, Los Guachimontones, Jalisco”
(master’s thesis, University of Colorado, 2017); “Dual Labor Organization Models for the Construction of Mon-
umental Architecture in a Corporate Society,” in Architectural Energetics in Archaeology: Analytical Expansions
and Global Explorations, ed. Leah McCurdy and Elliot M. Abrams (London: Routledge, 2019), 182-204.

37 Cameron H. Lacquement, “Landscape Modification at Moundville: An Energetics Assessment of a Mississippian
Polity” (PhD diss., University of Alabama, 2009); “Recalculating Mound Volume at Moundville,” Southeastern
Archaeology 29, no. 2 (2010): 341-54.

38 Richard L. Smailes, “Building Chan Chan: The Application of Construction Project Management to the Analysis
of Ancient Architecture” (PhD diss., University of Florida, 2000); “Building Chan Chan: A Project Management
Perspective,” Latin American Antiquity 22, no. 1 (2011): 37-63; “A Construction Management Approach to Build-
ing the Monumental Adobe Ciudadelas at Chan Chan, Peru,” in Architectural Energetics in Archaeology: Analyt-
ical Expansions and Global Explorations, ed. Leah McCurdy and Elliot M. Abrams (London: Routledge, 2019),
235-64.

39 Ann Brysbaert, “‘Set in Stone’? Constructed Symbolism Viewed through an Architectural Energetics’ Lens at
Bronze Age Tiryns, Greece,” in Excerpta Archaeologica Leidensia, ed. Corrie Bakels and Hans Kamermans, Ana-
lecta Prachistorica Leidensia 45 (Leuven: Peeters, 2015), 91-105.
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Buccellati,® and C. R. Harper® calculated the costs of societies by applying the method of archi-
tectural energetics. They found the opportunity to shed light on many issues, such as the society’s
social organizations, complex cultural structures, and economies. Architectural energetics analysis
now illuminates not only the unknowns of American civilizations, but also the issues of civilizations
in various parts of the world such as Europe (Greece, etc.), Asia (China, Vietnam, Cambodia, etc.),
and Africa (Egypt, etc.).

Architectural Energetics

The use of the term architectural energetics, first coined by E. M. Abrams in 1989, and the
implementation of its method have not yet been fully realized in Turkey. In a general framework,
J. Seeher has calculated the cost of reconstruction of the Hittite fortification wall in his book “A
Mudbrick City Wall at Hattusa: Diary of a Reconstruction” (2007). During the construction of
the 65 m long Hittite fortification, which was worked on for a total of three seasons (2003, 2004,
and 2005), the cost per working day was calculated by observing the entire activity from start to
finish.42 However, during the reconstruction, the use of contemporary technologies (e.g., using
shovels and blasting machines) deviated somewhat from the architectural energetics method. In
any case, the study was not conducted to calculate the cost of reconstruction, but this result was
presented to the reader as statistical data. The fact that the term architectural energetics is not
used by Seeher in the book also indicates that the method is not the main objective. Another study
is the experimental mud house structure built in Asikli Hoylik in 2014. The results of the study
were shared by G. Duru in the article “Construction of a Neolithic House Through Experimental
Archaeology” (“Deneysel Arkeoloji Yoluyla Neolitik Bir Ev Yapimi1”).42® While it is positive that
modern technologies and tools were not used in the construction of the house, the main purpose
of the study is not to analyze the architectural energetics but to reveal the interactions of the Agsikli
society with space, nature and the environment. As a result of the study, the amount of material
used during the construction, as well as the number of people and the number of working days
during which the building was completed, were reported as additional information.44

In the studies of Anatolian archaeology in Turkey, there are shortcomings in the application
of the method of architectural energetics. Architectural energetics, although known for over one
hundred years but only applied as a method for about 35 years, has not yet found its place in Tur-
kish archaeology. Since this relatively “new” field of research has not been introduced, the term
has yet to be translated into Turkish. In my current study, I applied the method of architectural
energetics to the fortifications of Kaymakgi, a second millennium BCE fortified settlement in Ma-
nisa, and coined mimari enerji as the Turkish equivalent for this term. As for the translation of the
term into Turkish, the term mimari is giicii can be used instead of mimari enerji as an alternative
in future studies.

The method of architectural energetics is basically the cost calculation for any construction

40 Federico Buccellati, Three-dimensional Volumetric Analysis in an Archaeological Context: The Palace of Tupkish
at Urkeshand its Representation, Bibliotheca Mesopotamica 30, Urkesh/Mozan Studies 6 (Malibu: Undena Publi-
cations, 2016).

41 Charles, Ryan Harper, “Laboring with the Economics of Mycenaean Architecture: Theories, Methods, and Explora-
tions of Mycenaean Architectural Production” (PhD diss., Florida State University, 2016).

42 Jirgen Seeher, Hattusa Kerpi¢ Kent Suru: Bir Rekonstriiksiyon Caligsmasi (Istanbul: Ege Yayinlari, 2007).

43 Giines Duru, “Deneysel Arkeoloji Yoluyla Neolitik Bir Ev Yapimi,” Colloquium Anatolicum 13 (2014): 131-51.

44 Duru, “Deneysel Arkeoloji,” 143, 144.
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activity. Methodologically, it is the representation of the resulting energy, including some measu-
rements and calculations. Energy corresponds to the cost of time and effort that a person spends
on a job. The concept of cost is the mathematization of the energy expended.?® Determination of
energy expended is possible using information from written sources, if available, and from eth-
nographic and experimental archaeological studies.

The most commonly used units in architectural energetics are formulated as person-day/
hour, man-day/hour, worker-day/hour, and kilojoules.?®¢ The term “person,” “man,” or “worker”
refers to an average individual in terms of age and gender.4” The concept of “day” corresponds
to the hour worked in a day. All these units are subjectively selected by the researcher and used
in the studies.*®

According to the results obtained, one may wonder how accurate the cost of a building
constructed thousands of years ago can be or how reliable its accuracy is. However, this method
does not imply that the results obtained are never precise, but that the resulting data are within the
range of consistent and realistic predictions.*® The specific actions taken to answer the questions
are to take advantage of the written texts of the time, if available, and/or to observe and record
the experimental construction behavior performed with the construction technologies of the time,
disregarding today’s technologies.>® However, it should be kept in mind that the observed and
recorded data may be related to social factors such as incentives and work psychology, as well as
physical factors such as the type of raw material and climate.

The methodological steps to be taken in the field of architectural energetics will facilitate
the costing of the architectural structure under study. Accordingly, the first question that must be
asked is during which period the building under study was constructed. Thus, it is beneficial to
know what construction technique was used to construct the building and what technologies from
that period were used and what metrics should be used in the following steps. For example, the
tools and known technologies used in a Neolithic settlement are not the same as those used in the
Iron Age, and it would not be feasible to compare the results obtained. The second thing to note
is the typology of the building and the materials used in the building. In this way, the sources of
raw material supply can be determined. The distance between the source of raw materials and
the building site is a crucial step for the transportation of raw materials later in the costing study.
The third step is to simply calculate the volume of each architectural component by separating
the components of the building being analyzed. Basic volume formulas, 3D mathematical mea-

45 Abrams, “Architecture and Energy,” 53; Abrams, How the Maya Built Their World, 37, 38; Elliot M. Abrams and
Thomas W. Bolland, “Architectural Energetics, Ancient Monuments, and Operations Management,” Journal of
Archaeological Method and Theory 6, no. 4 (1999): 264; Elliot M. Abrams and Leah McCurdy, “Massive Assump-
tions and Moundbuilders: The History, Method, and Relevance of Architectural Energetics,” in Architectural Ener-
getics in Archaeology: Analytical Expansions and Global Explorations, ed. Leah McCurdy and Elliot M. Abrams
(London: Routledge, 2019), 3.

46 John V. G. A. Durnin and Reginald Passmore, Energy, Work and Leisure (London: Heinemann Educational Books,
1967); Otto G. Edholm, The Biology of Work (New York: McGraw-Hill, 1967); Cameron H. Lacquement, “Land-
scape Modification at Moundville: An Energetics Assessment of a Mississippian Polity” (PhD diss., University of
Alabama, 2009).

47 Abrams, “Architecture and Energy,” 63; Abrams, How the Maya Built Their World, 43; Abrams and McCurdy,
“Massive Assumptions and Moundbuilders,” 3.

48 In the study, the concept of person-day is abbreviated as p-d.

49 Abrams, “Architecture and Energy,” 68; Abrams and Bolland, “Architectural Energetics, Ancient Monuments, and
Operations Management,” 265; Abrams and McCurdy, 5.

50 Abrams, How the Maya Built Their World, 41; Abrams and Bolland, 267.
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surements, or graphical mapping can be used in the volume calculation.®' Cost estimation can be
done by determining the steps that need to be performed for the architectural components that
have been separated into their parts. This roughly follows (1) site preparation—when required, (2)
procurement of raw materials, (3) transportation, (4) fabrication, and (5) construction phases.52
In this last phase, the total cost per person-day is determined using the rates derived from experi-
ments conducted by various researchers and/or written texts of the time, if available. From this,
the energy cost for the construction of the building can be obtained.

Abrams, who applied architectural energetics analysis methodically for the first time, exp-
lained the method step by step in his book “How the Maya Built their World” and applied it to the
architectural structures of the Classic Maya in Copan, Honduras. First, he divided the structures
whose excavations had been completed into typological categories and described the archite-
ctural features and material of the structures.®®* He divided 61 architectural structures such as
temples and palaces, which were more complicated and elaborately built than structures such as
workshops, warehouses, kitchens, and houses, into five types and formed 13 groups.®* He then
divided the stages of work during construction into four phases and gave the ratios he had found
in the experiments he had conducted in terms of the material used and the unit of construction.®
Abrams’ next step, taking metric measurements of the structures to be analyzed, is to use these
ratios for each structure whose volume is known. In this way, the result of the cost spent on each
building is determined as a total person-day.5® The characteristics of the architectural energetics
data obtained by Abrams from 61 buildings were interpreted as explaining the hierarchy of Late
Classic Maya society, status, and power relations in social and political terms at the macro level.
According to Abrams, there is a relationship between the size and/or abundance of architectural
structures in terms of quality and/or quantity in communities and the economy and strength of
those communities.®” Another indication that emerges from the results of architectural energetics
is the division within the workforce and the organization of the workforce. Access to the work-
force is organized through the recruitment of indentured helpers from outside the family, along
with familial and kinship relationships within the society.>® At the same time, the place of the
labor force in society is also determined. People who perform more “elite” jobs, such as engine-
ers, craftsmen, and sculptors, have a different place in society than workers who contribute only
physical labor.5®

Case Study

Since it is believed that the illustration of this method can contribute to what is explained in
this article, the architectural energetics analysis is applied to the stone base construction of a 100
m long wall fragment of the fortification wall, using the dimensions of the fortification wall and
the stone source known from the Kaymakgr settlement as reference. The size of the fortification

51 Abrams, How the Maya Built Their World, 39, 43; Abrams and McCurdy, 4.
52 Abrams, How the Maya Built Their World, 39, 43; Abrams and McCurdy, 4.
53 Abrams, How the Maya Built Their World, 20-37.

54 Abrams, How the Maya Built Their World, Table 7.

55 Abrams, How the Maya Built Their World, Table 3.

56 Abrams, How the Maya Built Their World, 38-75.

57 Abrams, How the Maya Built Their World, 76-95, 109-24.

58 Abrams, How the Maya Built Their World, 96—108.

59 Abrams, How the Maya Built Their World, 109—-19.
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wall will be 100x1.5x1.5 m and it will be constructed by dry construction method. The illustration
will only show the methodological application, since the sample is kept in a small scale, it will not
be possible to explain the impact of the size of the cost on the settlement.

Delivery of

the raw material
Transportation of

the raw material Construction of

the stone base

Table 1: Workflow diagram of the stone base construction.

The evaluation of the ratios presented after various experimental studies on quarry construction
revealed that the type of rock closest to the mica schist density used in Kaymake1 is limestone and
that the ratio to be used is the one obtained when limestone is delivered. Accordingly, Erasmus
noted that one person mined 0.46 m*/p-d of limestone in his experiment with primitive tools.6°
For transportation, the civil engineers in the ECAFE experiments established a standard formula
for manual handling that included handling raw materials of different densities.®' According to this
formula;

1

x H
L
+7+C+d+€)

Labor cost=q x
(5

q = capacity of the container (m?)

L = transporting distance (m)

V = average velocity loaded (m/min)

V’ = average velocity empty (m/min)

¢ = loading time (min)

d = unloading time (min)

e = idling time (min)

H = daily working time (h)

Later, Aaberg and Bonsignore revised this formula to simplify it.52 The final formula
should be as follows:

Labor cost =Q x ( x H

1
+57)

<t

In this mathematical formula proposed for transportation, this formula is used because
transportation is calculated per m*® and not according to the density of the raw material. In the

60 Erasmus, 286.

61 ECAFE (Economic Commission for Asia and the Far East), Manual Labor and its More Effective Use in Competi-
tion with Machines for Earthwork in the ESCAFE Region, United Nations E/CN.11/Conf. 3/L.L. (Manila: United
Nations, 1957), 22.

62 Aaberg and Bonsignore, 46.
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construction of the stone base, the rate of 10.5 hours per person per m* obtained by Erasmus,®3 in
the experiment for mortarless limestone masonry in Mayan architecture, is an approximation of
the experiment mentioned above. Currently, the table of cost rates to be used for the construction
process is as follows:

Supply of raw materials Source
Stone 0.46 m?/p-d (quarry) Erasmus, 1965: 286.
Transport
X H
LQ 7 Aaberg-Bonsignore, 1975: 46.
(¢ + v) Original formula: Q x ———— x H
(7 +v)
Building
Erasmus, 1965: 291.
3 - s
Stone base 0.76 m*/p-d Original ratio: 10.5 hours-person/m?

Table 2: Table of cost ratios (with sources).

The result per person-day required to build a 225 m* wall with a total length of 100 m, a
width of 1.5 m, and a height of 1.5 m is shown in the table.

Activity Total Volume Ratio Cost
Stone excavation 0.46 m*/p-d 489 p-d
QxXH
- 225 m’ L. L _
Stone transportation ( 7+ V’) 22.5p-d
Stone base construction 0.76 m3/p-d 296 p-d
TOTAL 807.5 p-d

Table 3: Table of total costs.

It is worth noting that the results obtained cannot be exact results; rather they are an ap-
proximation, and it should be noted that the result does not change dramatically when the ratios
are changed depending on the type of commodity.

The result shows that 807.5 p-d are required to build a stone wall with dimensions of
100x1.5x1.5 m without mortar. The value in question indicates how many working days are requ-
ired to complete the said works. Assuming that ten people work for the construction, the cons-
truction of the stone base will be completed in 80 days. The results can be varied as desired by
changing the values. As the number, size and complexity of the structures increase, both more
time and more labor will be required.

63 Erasmus, 291.
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Evaluation and Conclusion

In the costing of architectural structures, the preparation/maintenance/repair of tools and
equipment to be used during construction, the provision of beasts of burden to be transported, the
preparation/maintenance/repair of freight cars, the preparation of the construction site by leve-
ling/filling, the compensation of labor, the provision of housing for the relocated labor, and many
factors such as the compensation of his labor force was kept in the background. Nevertheless, ar-
chitectural energetics analysis not only provides researchers with statistical data, but also allows
them to read the unknowns of society based on the mathematical results obtained. Against the
background of the resulting picture, the social order of societies, the hierarchy and status between
groups, the wealth and economy of the society, the political power of the society, the level of labor
in the society, the genders of those involved in architectural labor, and perhaps even the identity
problem and even the population calculation if labor is local; if not, labor transfer can still contri-
bute to the understanding of the economic and political power of societies.

Architectural energetics analysis can be applied to the architecture of settlements anytime,
anywhere in the world, as a method for future comparison. If the cost rates in a study are not de-
rived experimentally and we do not have a written source describing the construction activities
or architectural features of the period we are studying, we can make an estimate by using the cost
rates of previous similar studies with the construction technique and material information of the
building we will be working on. Labor rates are the ratio of the volume of work performed by
the observed workers or persons during the day to the time. All work rates obtained to date are
summarized in a table by Abrams and McCurdy in m?/p-d.64 The rates in the table are adjusted
with the materials used and the hours worked by indicating the geography in which they were
determined. This allows the values determined in different regions to serve as a reference for
future studies.

Incorporating architectural energetics analysis, which is a partially new method (and a
completely new method for Anatolian archaeology) into future studies will help us clarify the
unknowns and confirm our knowledge. The importance of this approach will become increasingly
evident with the use of architectural energetics analysis in future studies. It will help researchers
better understand ancient societies, both in terms of method and results.

64 Abrams and McCurdy, “Massive Assumptions and Moundbuilders: The History, Method, and Relevance of Archi-
tectural Energetics,” Table 1.
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Ozet

KEZI alanlarinda, oren yerlerinde ve miizelerde ziyaret¢ilerde hayranlik uyandiran antik do-
em yapilarinin nasil yapildigr sorusu hemen herkesin aklin1 kurcalamistir. 1900’ lerden
itibaren zaman zaman deneysel ¢alismalarla sorulara yanit aransa da 1980’lerde mimari enerji
caligma alanmin arkeolojiye girmesiyle birgok soru cevaplanmistir. Bu ¢alisma, mimari enerji
metodu aracilifiyla; is giicliniin nasil hesaplandigi ve bunun sonucunda elde edilen maliyetlerle
toplumun ekonomisinin anlasilip anlagilamayacagi, bu toplumun nasil bir sosyal yapisinin oldu-
gu, is giiciiniin nasil organize edildigi, is gliclindeki cinsiyet rollerinin dagilimi ve yerlesimin nii-
fusunun nasil hesaplanabilecegi gibi pek ¢ok bilinmeyen soruya cevap bulmayi, var olan bilginin
ise teyidini saglamay1 amaglamaktadir. S6z konusu bu “yeni” metodun kullanimi diinyanin ¢esitli
yerlerindeki pek ¢ok yerlesimde spesifik mimari yapilara ya da bir kentin veya yerlesimin dokusu
tizerine uygulanmis olsa da bu durum Anadolu arkeolojisi i¢in heniiz baglamamistir. Bu ¢alisma
ilerleyen donemlerde Anadolu’da mimari enerji yonteminin kullanilmasini temenni etmektedir.

Anahtar Kelimeler

Mimari Enerji, Is Giicii, Maliyet, Antik Mimari, Arkeoloji
Giris
Antik donem mimari yapilarint anlamak arkeoloji biliminde énemli bir yer tutmaktadir.
Her ne kadar mimari yapilar bize antropolojik veriler sunsa da yapilari mimari kategorisinde tek-
nik agidan da degerlendirilmesi arkeolojiye yeni alanlar agmaktadir. Disiplinler arasi ¢aligmalarla
bir yerlesimin dinamikleri hakkinda ¢ok farkli alanlarda konusmak miimkiin olmaktadir.

Anitsal olarak degerlendirilen biiyiik, masif yapilarin antik donemde nasil yapildigi, kim-
lerin insa ettigi, hangi teknikler ve teknolojiler ile mithendislik bilgilerinin harmanlanarak insa
edildigi her zaman merak konusu olmustur. Anitsal olarak atfedilen yapilar yapildigi doneme ve
cografyaya gore ¢esitlilik gosterebilir ancak aslinda burada vurgulanmak istenen kolektif bir ¢alig-
mayla olusturulan, insaat takvimi uzun siiren ve maliyeti yiiksek olan gdsterisli, bityiik yapilardir.

Gobeklitepe yapilari, Stonehenge, Misir Piramitleri, Klasik ve Helenistik donem yapilari, Maya
Piramitleri, Cin Seddi, Roma Iimparatorlugu yapilari, Moai heykelleri ve inka Imparatorlugu ya-

1 Ebru Kaner, Istanbul Universitesi, Arkeoloji Boliimii, Istanbul, Kog Universitesi, Arkeoloji ve Sanat Tarihi Boliimii,
Arkeoloji Laboratuvari, Istanbul, ORCID: 0000-0003-0234-8572, ebrukiras@gmail.com
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pilar1 gibi daha sayamayacagimiz bir¢ok anitsal mimarinin insas1 aragtirmalarin odagi olmustur.
Yalnizca popiiler ya da anitsal yapilar degil bir hoylik kazisinda bile yerlesimin dokusu, mimarisi
caligmalarin merkezinde bulunmaktadir. Bu bilgilerle hem toplum yapisi, sosyo-ekonomik yapi-
lasma hem de donemin teknolojisi, teknigi, malzeme bilgisi gibi sorularin cevaplarina ulagsmak
miimkiindiir. Alinan yanitlarla birlikte toplumun refahi, sosyal statiiler, hammadde kaynaklari, is
giicii organizasyonu, kapsamli insa faaliyetinde toplumdaki is¢i dagilimi, is¢i dagilimindaki cin-
siyetin rolii gibi ucu agik birgok soruyu da cevabiyla beraberinde getirmektedir.

Mimari tizerine ¢alismalarin arkeolojiye agtig1 kapilardan birisi de bir mimari yapinin nasil,
kimler tarafindan ve ne kadar zamanda yapildig1 sorusudur. Bu sorular, anitsal mimari yapilarina
soruldugu gibi, bir kentin yerlesim dokusuna da sorulabilir. Bir mimari yapinin nasil yapildigi, za-
manini belirledigi gibi, kimlerin yaptig1 da hem nasil yapildigin1 hem de ne kadar zamanda yapil-
digin1 belirlemektedir. Bu bakis acisiyla arkeolojiye mimari enerji ¢alisma alan1 kazandirilmistir.

Mimari Enerji Yonteminin Arastirma Tarihcesi

On dokuzuncu ylizy1l ortasindan beri antropoloji bilimi, arkeolojiyle birlikte mimari yapi-
lardaki anitsallig1 ortaya ¢ikaran emek ve emegin ¢evresinde sekillenen sosyo-politik karmagsiklik
arasinda giiclii bir iliski oldugunu ortaya koymaya calismistir. Antropoloji alaninda bilinen teoris-
yenlerden biri olan L. H. Morgan, mimari yapilagsmanin kiiltiirler arasinda ve kiiltiirler i¢inde olu-
san siyasi orgiitlenme, aile yapisi ve akrabalik iliskilerine kadar uzanan etkisini agiga ¢ikarmigtir.2

Anitsal mimarinin politik sembolizm etiketinin yaninda yapilarin karmasikligi, miihen-
dislik calismalari, teknolojik yenilikler ve is giicii gereksinimi gibi bir¢ok arastirilmasi gereken
alanlarin varligi gecmisten beri bilinmektedir. Bu dogrultuda ABD’li arkeolog G. Fowke Ohio’da
1902 yilinda is giicli tahminlerini uygulayarak ingaat maliyetlerini hesaplamak amaciyla bir ¢alig-
ma yapmustir.®> Fowke, Bati Ohio’daki Butler County’de yer alan en biiyiik hdyiigii gozlemlemeye
baslayarak genel bir bakisla misir tasiyan is¢ilerin tasidiklart hacimle toprak hacmini karsilastira-
rak is¢ilerin ¢alisma oranlarini kaydetmistir. Bunun sonucunda en biiyiik toprak hafriyatinda bile
tahmin edilenden daha az sayida isciye ihtiya¢ oldugunu iddia ederek, bolgedeki mimari yapilarin
nispeten az sayida yerel halkla yapilabilecegi neticesine ulagmistir.# Ilerleyen yillarda E. Curwen®
ile E. H. Morris, J. Charlot ve A. A. Morris® antik donem yapilarinin teknolojileri, kronolojileri,
bolgesel siniflandirmalarini yaparak is giicii analizleri calismalarina katkida bulunmuslardir.

Morgan ile baslayan, mimarinin antropolojik sorunlarin ¢oziimiindeki etkisi Fowke’nin
bakis agisiyla yeni bir anlam kazanmustir. Ardindan, G. V. Childe,” E. R. Service® ve M. H. Fried®
ise calismalarinda insaat faaliyetleri esnasinda kullanilan emegin ve is giicliniin egitimli ve yete-
nekli zanaatkar sinifin varligina, s6z konusu isgileri yonetebilecek bir organizasyona ihtiya¢ du-

2 Lewis H. Morgan, Houses and House-Life among the American Aborigines (Washington: Government Printing Of-
fice, 1881).

3 Gerard Fowke, Archaeological History of Ohio: The Mound Builders and Later Indians (Columbus: Ohio State Arc-
haeological and Historical Society, 1902).

4 Fowke, Archaeological History of Ohio, 81.

5 Eliot Curwen, “On the Use of Scapulae as Shovels,” Sussex Archaeological Collection 67 (1926): 139-45.

6 Earl H. Morris, Jean Charlot ve Ann Axtell Morris, The Temple of the Warriors at Chichen Itza, Yucatan, Carnegie
Institution of Washington Publication 406 (Washington D.C.: Carnegie Institution of Washington, 1931).

7 Gordon V. Childe, “The Urban Revolution,” Town Planning Review 21, no. 1 (1950): 3—17.

8 Elman R. Service, Primitive Social Organization: An Evolutionary Perspective (New York: Random House, 1962).

9 Morton H. Fried, The Evolution of Political Society: An Essay in Political Anthropology, Studies in Anthropology 7
(New York: Random House, 1967).
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yulmus olabilecegine ve ayni zamanda is giiciinii kullanmak isteyen bir siyasi giicilin var olduguna
odaklanmislardir.

Ikinci Diinya Savasi’mi takip eden yillarda, Birlesmis Milletler tarafindan olusturulan bir
komisyon takibinde ingaat miihendisleri ile is birligiyle 1957 ve 1961 yillarinda ECAFE (Eco-
nomic Commission for Asia and the Far East) isimli program olusturulmustur. Her ne kadar bu
programin varmak istedigi nihai hedef agikg¢a belirtilmemis olsa da, farkli tiirlerde ve hacimlerde
topragin kazisi ve taginmasi i¢in gerekli is giiclinlin ve harcanan zamanin bir dizi deneyler sonu-
cunda kaydedilmesi amag¢lanmistir.'

1960’larda antropolojik ¢alismalar antik donem topluluklarinin yapisini ve sosyo-ekonomik
durumlarini ortaya ¢gikarma istegi sayesinde, ingaatlarin maliyetleri {izerinden harcanan enerjinin
emek olarak karsilik bulmasi ¢ergevesinde ilerlemistir. R. F. Heizer,"" D. Kaplan,2 C. J. Erasmus®™
ile S. Aaberg ve J. Bonsignore' gibi aragtirmacilarin ilk ¢alismalart her ne kadar topluluklar seflik
ya da devlet kategorisinde tasnif etmek i¢in ortaya ¢ikmig olsa da aslinda bir agamada mimariye ve
is¢ilige analitik bir bakis agis1 baslatilmasina 6n ayak olmustur. Erasmus, 1965 yilinda yayinlanan
“Monument Building: Some Field Experiments” adli makalesinde Meksika’da kendi tuttugu yerel
isciler ile bir dizi deney gergeklestirmistir. Las Bocas bdlgesinde iscilere, toprak kazma, tagima is-
leri verirken, Ticul, Yucatan bolgesinde ise verdigi tag ocakg¢iligi ve tag tagima islerini gézlemlemis
ve bu deneylerden tuttugu kayitlarin sonuglarimi paylasmistir. Deneyler sirasinda is¢ilerin hangi
isleri hangi aletlerle yaptigi, 1 m’ toprak ya da tas ¢ikarabilmek i¢in kag saat ¢aligmalar1 gerektigi,
giinde kag saat verimli ¢alisabildikleri, giiniin hangi saatlerinde ¢alistiklari, tasima yaparken hangi
mesafeler icin ne kadar agirlik tasiyabileceklerini soyleyerek detayli gézlemler sonucunda insaat
faaliyetlerindeki basit hacimsel miktarlar elde etme karsisinda harcanan emegin, enerjinin ve za-
manin karsilig1 olarak kisi-giin (man-day) hesaplamasini yapmustir.'® Bu deneysel ¢alisma sayesinde
Uxmal bolgesinde bulunan Maya yerlesimindeki mimari yapilarin tamamimin maliyetini hesapla-
yabilmigtir.'®

Giiney Amerika’da baslayan bu deneysel arastirmalarin Avrupa’daki ilk yansimasi Ingil-
tere’de Stonehenge proje baskani R. J. C. Atkinson’un ¢alismalarinda goriilmiistiir. 1960 yilinda
yayinlanan “Stonehenge” kitabinin ardindan, 1961°de yayinlanan “Neolithic Engineering” adli
makalesi, Stonehenge’in yapiminda kag kiginin ¢alismis olabilecegi, tonlarca agirliktaki taglarin
nasil ve kag kisi ile tasinmis olabilecegi, tasinma esnasinda kullanilan teknolojilerin neler oldugu
gibi baz1 bilinmeyenleri agikliga kavusturmasi agisindan dnemli bir ¢aligmadir.”

10 ECAFE (Economic Commission for Asia and the Far East), Manual Labor and its More Effective Use in Compe-
tition with Machines for Earthwork in the ESCAFE Region, United Nations E/CN.1l/Conf. 3/L.L, Manila: United
Nations, 1957.

11 Robert F. Heizer, “Agriculture and the Theocratic State in Lowland Southeastern Mexico,” American Antiquity 26,
no. 2 (1960): 215-22.

12 David Kaplan, “Men, Monuments, and Political Systems,” Southwestern Journal of Anthropology 19 (1963): 397—
407.

13 Charles J. Erasmus, “Monument Building: Some Field Experiments,” Southwestern Journal of Anthropology 21,
no. 4 (1965): 277-301.

14 Stephen Aaberg ve Jay Bonsignore, “A Consideration of Time and Labor Expenditure in the Construction Process at
the Teotihuacan Pyramid of the Sun and the Poverty Point Mound,” Three Papers on Mesoamerican Archaeology
icinde, der. John A. Graham ve Robert F. Heizer, Contributions of the Archaeological Research Facility, University
of California, Berkeley 24 (Berkeley: University of California, 1975), 40-78.

15 Erasmus, “Monument Building: Some Field Experiments,” 277-301.

16 Erasmus, 288, 289.

17 Richard J. C. Atkinson, “Neolithic Engineering,” Antiquity 35, no. 4 (1961): 292-99.
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1975 yilinda ise Aaberg ve Bonsignore, “A Consideration of Time and Labor Expenditure
in the Construction Process at the Teotihuacan Pyramid of the Sun and the Poverty Point Mound”
isimli galigmalarinda bir adim ileriye tagiyarak maliyetleri formiile etmeye baglamiglardir.'® Bunu
ortaya koyarken yeni deneyler yapmamuslar, bunun yerine bu zamana kadar yapilmig deney so-
nuglarii kullanmislardir.'® Calismalarin yaymlandigi 1980°1i yillar1 takiben J. S. Athens,2° R. J.
Wenke?' ve R. H. McGuire?? gibi aragtirmacilar, yapilan metodolojik ¢aligmalarin fazla 6n planda
oldugunu ve topluluklarin toplumsal siireglerinin anlagilmasini gélgede biraktigini savunarak karst
cikmislardir. Ortaya ¢ikan tartigmalarin akabinde K. G. Lightfoot ve G. M. Feinman ise s6z konu-
su perspektifte yapilan arastirmalarin yeni kapilar agtigim1 savunmus ve Glineybati Amerika’daki
Mogollon koylerinde yaptiklari caligmalarda artis gosteren depolama tesislerinin varligi ile yine
artis gosteren, lokal olmayan mal oraniyla iliskili ocaklarin boyutlarmin biiyiimesini fark ederek,
erken Mogollon topluluklarinda bir kdy lideri ya da sef varligin1 6nermislerdir.2® J. E. Arnold ile A.
Ford,?4 R. H. Cordy?® ve C. Cheek?® gibi akademisyenler mimarlik tizerine yapilan enerji ¢alisma-
larinin, toplumlarin dinamiklerini, kiiltiirel 6riintiilerini anlamamizi saglayan bir yol oldugunu ve bu
alanda yapilan ¢aligmalarin genisletilmesi ve iyilestirilmesi gerektigini savunmuslardir.

1990’larda ise E. M. Abrams ozellikle Maya yapilar1 lizerinde mimari enerji alaninda
calismalar yaparak ortaya koydugu sonuglarla arkeolojiye énemli katkida bulunmustur. ilk ola-
rak 1984 yilinda yaymladig1 doktora calismasinda Honduras’in Copan bodlgesinde Geg Klasik
Donem’de is glicli organizasyonu ve insaat galigmalarindaki emege deginmistir.2? 1989 yilinda
ise “Architecture and Energy: An Evolutionary Perspective” adli makalesinde ilk kez architectu-
ral energetics (mimari enerji) terimini kullanarak arkeolojiye kazandirmis ve mimari enerji nin
tanimlamasini yaparak bu metodu tanitmistir.2® 1994 yilinda yaymladigi “How the Maya Built
their World” isimli kitabinda Maya yapilari tizerinde mimari enerji yontemini kullanarak ulastigi
sonuclart Maya toplumundaki sosyal hiyerarsinin, toplum ekonomisinin ve is giicii organizasyo-
nunun belirlenmesinde kullanmistir. Bunu yaparken yapilari birbiriyle iligkili parcalara ayirarak

18 Aaberg ve Bonsignore, “A Consideration of Time and Labor Expenditure,” Appendices 1 and 2.

19 Aaberg ve Bonsignore, 46—56.

20 J. Stephen Athens, “Theory Building and the Study of Evolutionary Process in Complex Societies,” For Theory
Building in Archaeology: Essays on Faunal Remains, Aquatic Resources, Spatial Analysis, and Systemic Modeling
icinde, der. Lewis R. Binford (New York: Academic Press, 1977): 353-84.

21 Robert J. Wenke, “Explaining the Evolution of Cultural Complexity: A Review,” Advances in Archaeological Met-
hod and Theory 4 (1981): 79-127.

22 Randall H. McGuire, “Breaking Down Cultural Complexity: Inequality and Heterogeneity,” Advances in Archaeo-
logical Method and Theory 6 (1983): 91-142.

23 Kent G. Lightfoot ve Gary M. Feinman, “Social Differentiation and Leadership Development in Early Pithouse
Villages in the Mogollon Region of the American Southwest,” American Antiquity 47, no. 1 (1982): 64-86.

24 Jeanne E. Arnold ve Anabel Ford, “A Statistical Examination of Settlement Patterns at Tikal, Guatemala,” American
Antiquity 45, no. 4 (1980): 713-26.

25 Ross H. Cordy, 4 Study of Prehistoric Social Change: The Development of Complex Societies in the Hawaiian
Islands (New York: Academic Press, 1981).

26 Charles Cheek, “Construction Activity and Sociocultural Integration at Copan ”, 50th Annual Meeting of the Society
for American Archaeology, (Denver: 1985); “Construction Activity as a Measurement of Change at Copan, Hondu-
ras,” The Southeast Maya Periphery iginde, der. Patricia A. Urban and Edward M. Schortman (Austin: University
of Texas Press, 1986): 50-71.

27 Elliot M. Abrams, “Systems of Labor Organization in Late Classic Copan, Honduras: The Energetics of Constructi-
on,” (Doktora tezi, The Pennsylvania State University, 1984).

28 Elliot M. Abrams, “Architecture and Energy: An Evolutionary Perspective,” Archaeological Method and Theory 1
(1989): 47-87.
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hacimsel hesaplamalarla harcanan enerji miktarini kigi-giin standardina oturtmustur.2®

1990’11 yillarin sonu ve 2000°1i yillara gelindiginde ise J. DeLaine doktora tezi icin Roma
imparatorlarindan Caracalla’nin yaptirdigi hamamlarin metrik dl¢iimleri neticesinde hamam ya-
pilarinin maliyetlerini hesaplamistir.®*® Giiniimiizde R. D. Fitzsimons,* M. Devolder,*? L. Mc-
Curdy,® F. Remise,®* J. Lancaster,3® A. J. DeLuca,® C. H. Lacquement,3 R. L. Smailes,3® A.

29 Elliot M. Abrams, How the Maya Built Their World: Energetics and Ancient Architecture (Austin: University of
Texas Press, 1994).

30 Janet DeLaine, The Baths of Caracalla: A Study in the Design, Construction, and Economics of Large-scale Buil-
ding Projects in Imperial Rome, Journal of Roman Archaeology Supplementary Series 25 (Portsmouth: Journal of
Roman Archaeology, 1997).

31 Rodney D. Fitzsimons, “An Energetic(s) Approach to Late Helladic Tomb Construction: Funerary Architecture and
State Formation at Bronze Age Mycenae,” Meditations on the Diversity of the Built Environment in the Aegean Ba-
sin and Beyond: Proceedings of a Colloquium in Memory of Frederick E. Winter, Athens 22-23 June 2012 iginde,
der. David W¢ Rupp and Jonathan E. Tomlinson, Publications of the Canadian Institute in Greece 8 (Atina: The
Canadian Institute in Greece, 2014): 83—120; “Architectural Energetics and Archaic Cretan Urbanisation,” From
Maple to Olive: Proceedings of a Colloquium to Celebrate the 40th Anniversary of the Canadian Institute in Gre-
ece, Athens, 10—11 June 2016 i¢inde, der. David W. Rupp ve Jonathan E. Tomlinson, Publications of the Canadian
Institute in Greece 10 (Atina: The Canadian Institute in Greece, 2017): 345-83.

32 Maud Devolder, Construire en Créte minoenne: Une approche énergétique de [’architecture néopalatiale, Aegacum
35 (Leuven: Peeters, 2013); “Manpower and Neopalatial Architecture: The Architectural Project as a Meaningful
Experience,” Minoan Archaeology Perspectives for the 21st Century i¢inde, der. Sarah Cappel, Ute Giinkel-Masc-
hek ve Diamantis Panagiotopoulos, Aegis 8 (Louvain-le-Neuve: Presses universitaires de Louvain, 2015): 241-52.

33 Leah McCurdy, “Visualising Architecture: The Experience of Creating Virtual Reconstructions” (Yiiksek lisans tezi,
University of York, 2010); “Building Xunantunich: Public Building and Labor Organization in an Ancient Maya
Community” (Doktora Tezi, University of Texas at San Antonio, 2016); “Peopling Monuments: Virtual Energeti-
cs and Labor Impact Analysis of Monumental Construction at Xunantunich, Belize,” Architectural Energetics in
Archaeology: Analytical Expansions and Global Explorations iginde, der. Leah McCurdy ve Elliot M. Abrams
(Londra: Routledge, 2019), 205-34.

34 Frangois Remise, “An Energetics Approach to the Construction of the Heuneburg: Thoughts on Celtic Labor Cost
Choices,” Architectural Energetics in Archaeology: Analytical Expansions and Global Explorations iginde, der.
Leah McCurdy ve Elliot M. Abrams (Londra: Routledge, 2019), 76-95.

35 Jerard Lancaster, “To House and Defend: The Application of Architectural Energetics to Southeast Archaic Greek
Sicily,” Architectural Energetics in Archaeology: Analytical Expansions and Global Explorations iginde, der. Leah
McCurdy ve Elliot M. Abrams (Londra: Routledge, 2019), 95-113.

36 Anthony James DeLuca, “Architectural Energetics and the Construction of Circle 2, Los Guachimontones, Jalisco”
(Yiiksek lisans tezi, University of Colorado, 2017); “Dual Labor Organization Models for the Construction of
Monumental Architecture in a Corporate Society,” Architectural Energetics in Archaeology: Analytical Expansions
and Global Explorations i¢inde, der. Leah McCurdy ve Elliot M. Abrams (Londra: Routledge, 2019), 182-204.

37 Cameron H. Lacquement, “Landscape Modification at Moundville: An Energetics Assessment of a Mississippian
Polity” (Doktora Tezi University of Alabama, 2009); “Recalculating Mound Volume at Moundville,” Southeastern
Archaeology 29, no. 2 (2010): 341-54.

38 Richard L. Smailes, “Building Chan Chan: The Application of Construction Project Management to the Analysis of
Ancient Architecture” (Doktora tezi, University of Florida, 2000); “Building Chan Chan: A Project Management
Perspective,” Latin American Antiquity 22, no. 1 (2011): 37-63; “A Construction Management Approach to Buil-
ding the Monumental Adobe Ciudadelas at Chan Chan, Peru,” Architectural Energetics in Archaeology: Analytical
Expansions and Global Explorations i¢inde, der. Leah McCurdy ve Elliot M. Abrams (Londra: Routledge, 2019),
235-64.
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Brysbaert,?® F. Buccellati4® ve C. R. Harper#' gibi bir¢ok arastirmaci mimari enerji yontemini
uygulayarak maliyet hesaplamalar1 sonucunda toplumlarin sosyal organizasyonlari, karmagik
kiiltiirel yapilanmalar1 ve ekonomileri gibi pek ¢ok konuyu aydinlatma imkani1 bulmuslardir.
Artik mimari enerji analizleri yalnizca Amerika medeniyetlerinin bilinmezlerini degil, Avrupa
(Yunanistan vb.), Asya (Cin, Vietnam, Kambogya vb.), Afrika (Misir vb.), gibi diinyanin ¢esitli
bolgelerindeki medeniyetlerin sorularina da 151k tutmaktadir.

Mimari Enerji (Architectural Energetics)

Ik kez 1989 yilinda E. M. Abrams tarafindan kullanilan architectural energetics teriminin
kullanim1 ve yonteminin Tiirkiye’de uygulanmasi tam anlamiyla gergeklesmemistir. Aslinda genel
cergevede J. Seeher, 2007 yilinda yayinladigi “Hattusa Kerpi¢ Kent Suru: Bir Rekonstriiksiyon Ca-
lismas1” adli kitabinda Hitit sur duvari rekonstriiksiyonunda maliyet hesaplamas1 yapmustir. Toplam
ic sezon ¢alisilan (2003, 2004 ve 2005 sezonu) 65 m’lik Hitit suru insaat1 sirasinda tiim faaliyeti
bastan sona gozlemleyerek is¢i-giin maliyeti ¢ikarmistir.42 Ancak rekonstriiksiyon sirasinda, kimi
zaman giinlimiiz teknolojilerinden faydalanilmasi (6rn. kepge, patoz makinasi kullanimi gibi) mi-
mari enerji yontemi bakimindan biraz kirtlmigtir. Zaten ¢aligma, rekonstriiksiyonun maliyetini he-
saplamak amagli yapilmamis, bu sonug bir istatistiki veri olarak okuyucuya sunulmustur. Kitapta
Seeher tarafindan architectural energetics teriminin kullanilmamis olmasi da yontemin asil amag
olmadigini goéstermektedir. Bir diger calisma ise 2014 yilinda Asikli Hoyilik’te yapilan deneysel
kerpi¢ ev yapisidir. Calismanin sonuglari “Deneysel Arkeoloji Yoluyla Neolitik Bir Ev Yapimi” adli
makalede G. Duru tarafindan paylasilmistir.#® Burada evin insaati sirasinda higbir sekilde modern
teknolojiden ve arag-gereglerden faydalanilmamasi olumlu bir durum iken c¢aligmanin asil amaci
mimari enerji analizi yapmak degil, Asikli toplumunun mekan, doga ve ¢evre ile olan etkilesimlerini
ortaya ¢ikarmaktir. Caligmanin neticesinde insaat sirasinda harcanan malzeme miktar1 ve yapinin
kag kisi ile kag is glinlinde tamamlandig ek bilgi olarak paylagilmistir.44

Tiirkiye’de Anadolu arkeolojisi tizerinde yapilan ¢alismalarda mimari enerji yonteminin
uygulanmasinda eksiklikler goze ¢arpmaktadir. Diinyada yiiz yili agkin siiredir bilinen, ancak yak-
lagik 35 senedir bir yontem olarak kullanilan mimari enerji, Tiirkiye arkeolojisinde heniiz yerini
alamamustir. Bu gorece “yeni” arastirma alaninin tanitilmamasindan dolayi terimin Tiirkcelesti-
rilmesi de yapilamamistir. Hali hazirda yiiriitmekte oldugum galismamda MO ikinci binyil kale
yerlesimi olan ve Manisa’da yer alan Kaymake¢i’nin sur duvarlar {izerinde architectural ener-
getics yontemini uygulayarak bu terimi mimari enerji Tiirk¢elestirmesiyle kullandim. Terimin
Tiirkcelestirilmesi hususunda mimari enerji yerine mimari is giicii terimi de gelecek ¢alismalarda
bir alternatif olarak kullanilabilir.

39 Ann Brysbaert, “‘Set in Stone’? Constructed Symbolism Viewed through an Architectural Energetics’ Lens at Bron-
ze Age Tiryns, Greece,” Excerpta Archaeologica Leidensia i¢inde, der. Corrie Bakels ve Hans Kamermans, Anale-
cta Prachistorica Leidensia 45 (Leuven: Peeters, 2015), 91-105.

40 Federico Buccellati, Three-dimensional Volumetric Analysis in an Archaeological Context: The Palace of Tupkish
at Urkeshand its Representation, Bibliotheca Mesopotamica 30, Urkesh/Mozan Studies 6 (Malibu: Undena Publi-
cations, 2016).

41 Charles, Ryan Harper, “Laboring with the Economics of Mycenaean Architecture: Theories, Methods, and Explora-
tions of Mycenaean Architectural Production” (Doktora tezi, Florida State University, 2016).

42 Jiirgen Seeher, Hattusa Kerpi¢ Kent Suru: Bir Rekonstriiksiyon Calismas: (Istanbul: Ege Yaynlari, 2007).

43 Giines Duru, “Deneysel Arkeoloji Yoluyla Neolitik Bir Ev Yapimi,” Colloquium Anatolicum 13 (2014): 131-51.

44 Duru, “Deneysel Arkeoloji,” 143, 144.
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Mimari enerji yontemi temelde herhangi bir insaat faaliyetinin maliyetlendirilmesidir.
Metodolojik acidan kimi 6l¢timleri ve hesaplamalar1 da kapsayarak ortaya ¢ikan enerjinin sunul-
masidir. Enerji, bir insanin bir is i¢in harcadig1 zaman ve emegin maliyetine tekabiil eder. Maliyet
kavrami ise s6z konusu harcanan enerjinin matematiklestirilmesidir.#® Harcanan enerjinin sapta-
nabilmesi, etnografik ve deneysel arkeolojik ¢aligmalara ilaveten varsa yazili kaynaklardan elde
edilen bilgilerle miimkiin olabilmektedir.

Mimari enerjide en sik kullanilan birimler kigi-giin/saat, adam-giin/saat, isci-giin/saat ve
kilojul® seklinde formiile edilmektedir. Burada “kisi,” “adam” ya da “is¢i” kavrami yas ve cinsiyet
agisindan ortalama bir bireyi isaret etmektedir.4” “Giin” kavrami ise bir giin igerisindeki ¢alisma sa-
atine karsilik gelmektedir. Tiim bu birimler aragtirmaci tarafindan 6znel olarak segilip caligmalarda
uygulanmaktadir.4®

Elde edilen sonuglar sonrasinda akillara binlerce yil 6nce yapilmis bir yapinin maliyetinin
nasil kesin olabilecegi ya da dogrulugunun ne kadar giivenilir oldugu gelebilir. Fakat bu yontem,
elde edilen sonuglarin asla kesin sonuglar oldugunu degil, ortaya ¢ikan verilerin tutarl ve gercekei
tahmin araliginda oldugunu s6ylemektedir.4® Sorulara karsi alinan somut dnlemler, varsa donemin
yazili metinlerinden faydalanilmasi ve/veya giinlimiiz teknolojileri goz ard1 edilerek donemin inga
teknolojileriyle yapilan deneysel insa davraniglarinin gézlemlenmesi ve kaydedilmesinden ge¢mek-
tedir.3° Fakat gzlemlenen ve kaydedilen veriler hammadde tiirii, iklim gibi fiziksel faktorler digin-
da tesvik ve is psikolojisi gibi sosyal faktorlerle de iligkili olabilecegi kabul edilerek bu durum goz
ontinde bulundurulmalidir.

Mimari enerjide metodolojik olarak atilacak adimlar, ¢alisilacak mimari yapinin maliyet-
lendirilmesini kolaylastiracaktir. Buna gore ilk sorulacak soru, analiz edilecek yapinin hangi done-
me ait oldugudur. Boylece mimari yapinin hangi yapim teknigiyle yapildigi ve doneme ait hangi
teknolojilerin kullanilmis olabilecegi, ilerleyen adimlarda hangi oranlarin kullanilmas1 gerektigi
konusunda fayda saglayacaktir. Ornegin, bir Neolitik yerlesimde kullanilan alet ve bilinen teknolo-
jiler ile Demir Cagi’ndaki imkanlar ayn1 degildir ve elde edilen sonuglarin karsilastirilmasi saglikl
olmayacaktir. Ikinci olarak bilinmesi gereken, yapmin tipolojisi ve yapida kullamlan malzemelerin
neler oldugudur. Bu sayede hammadde tedariginin saglanacagi kaynaklarim tespiti yapilmis olacak-
tir. Hammadde kaynag ile ingaat alan1 arasindaki mesafe, daha sonra maliyetlendirme ¢alismasinda
hammaddelerin nakliyesinde kritik bir asamadir. Ugiincii adim ise analizi yapilacak yapimin bile-
senlerinin birbirinden ayrilmasiyla her bir mimari bilesenin hacminin kolayca hesaplanabilmesi-

45 Abrams, “Architecture and Energy,” 53; Abrams, How the Maya Built Their World, 37, 38; Elliot M. Abrams ve
Thomas W. Bolland, “Architectural Energetics, Ancient Monuments, and Operations Management,” Journal of Ar-
chaeological Method and Theory 6, no. 4 (1999): 264; Elliot M. Abrams ve Leah McCurdy, “Massive Assumptions
and Moundbuilders: The History, Method, and Relevance of Architectural Energetics,” Architectural Energetics
in Archaeology: Analytical Expansions and Global Explorations iginde, der. Leah McCurdy ve Elliot M. Abrams
(Londra: Routledge, 2019), 3.

46 John V. G. A. Durnin ve Reginald Passmore, Energy, Work and Leisure (Londra: Heinemann Educational Books,
1967); Otto G. Edholm, The Biology of Work (New York: McGraw-Hill, 1967); Cameron H. Lacquement, “Lands-
cape Modification at Moundville: An Energetics Assessment of a Mississippian Polity” (Doktora Tezi University
of Alabama, 2009).

47 Abrams, “Architecture and Energy,” 63; Abrams, How the Maya Built Their World, 43; Abrams ve McCurdy, “Mas-
sive Assumptions and Moundbuilders,” 3.

48 Caligmada kisi-giin terimi k-g olarak kisaltilmigtir.

49 Abrams, “Architecture and Energy,” 68; Abrams ve Bolland, “Architectural Energetics, Ancient Monuments, and
Operations Management,” 265; Abrams ve McCurdy, 5.

50 Abrams, How the Maya Built Their World, 41; Abrams ve Bolland, 267.
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dir. Hacim hesaplamasinda temel hacim formiillerinden, 3D matematiksel dl¢iimlerden veya grafik
haritalanmasindan faydalanilabilmektedir.5! Parcalarima ayrilan mimari bilesenlerle ilgili atilmasi
gereken adimlarin operasyonu belirlenerek maliyet tahmini yapilabilmektedir. Bunun i¢in kabaca
(1)—gerekli durumda—insaat alaninin hazirlanmast, (2) hammadde tedariki, (3) nakliye, (4) imalat
ve (5) inga asamalari birbirini takip etmektedir.52 S6z konusu bu son asamada ¢esitli arastirmacilar
tarafindan yapilan deneyler sonucunda elde edilen oranlar ve/veya varsa donemin yazili metinlerin-
den yararlanilarak ortaya toplam kisi-giin maliyeti ¢ikmaktadir. Bu da yapinin ingasinda harcanan
enerjiyi ortaya koyar.

Mimari enerji analizini metodolojik olarak ilk kez uygulayan Abrams “How the Maya Built
their World” adli kitabinda yontemi adim adim anlatarak Honduras Copan’daki Klasik Maya mimari
yapilarina uygulamustir. Oncelikle kazis1 tamamlanmis yapilari tipolojik olarak kategorilere ayirmus,
yapilarin mimari 6zellikleri ve malzeme tanimlamasim yapmustir.>® Aralarinda islik, depo, mutfak,
ev gibi yapilari igerisinde tapinak ve saray gibi daha komplike ve 6zenli insa edilmis toplamda 61
mimari yapiyi, bes tipe ayirarak 13 grup olusturmustur.34 Daha sonra insaat sirasindaki operasyon-
lar1 dort asamaya bolerek kullanilan malzeme ve yapi birimi 6zelinde yapmis oldugu deneylerde
elde ettigi oranlar1 vermistir.>® Analizi yapilacak yapilarin metrik 6l¢timlerini yapan Abrams’m bir
sonraki adimi ise hacmi bilinen her bir yapi i¢in elde ettigi bu oranlar1 kullanmaktir. Béylece her
bir yap1 igin harcanan maliyetin toplam Kisi-giin olarak sonucunu ortaya ¢ikarmigtir.>¢ Abrams’in
61 yapidan elde ettigi mimari enerji verilerinin karakteristigi, Ge¢ Klasik Maya toplumunun sinifsal
hiyerarsisini, makro seviyelerde sosyal ve politik agidan statii ve gii¢ iligkilerini agikladig1 seklinde
yorumlanmustir. Abrams’a gore topluluklardaki nitelik ve/veya nicelik agisindan mimari yapilarin
biiyiikliigli ve/veya ¢oklugu ile o topluluklarin ekonomisi ve giicii arasinda bir korelasyon bulun-
maktadir.57 Mimari enerji sonug¢larinin sundugu bir diger veri ise is giicli igerisindeki boliinmeler
ve is giiciiniin organizasyonudur. s giiciine erisim toplum icerisinde aile ve akrabalik iliskileriyle
birlikte aile disindan s6zlesmeli yardimcilar alinarak orgiitsel hale gelmektedir.5® Ayni zamanda
toplum igerisinde is giiciiniin yeri de belirlenmektedir. Yalnizca fiziksel olarak ig giiciinii kullanan
calisanlardan ziyade miihendis, zanaatkar, heykeltiras gibi daha “elit” isleri yapan kesimin toplum-
daki yeri daha farkli konumdadir.%®

Ornek Calisma

S6z konusu bu yontemin 6rneklendirilmesinin bu makalede anlatilanlara katki saglayabilece-
gi digiiniildiiglinden Kaymakgi yerlesiminden bilinen sur duvari 6lgiilerini ve tag kaynagini referans
alarak, 100 m’lik 6rnek bir sur duvari par¢asinin tas kaide insaati lizerinde mimari enerji analizi
uygulanacaktir. Sur duvar1 100x1,5x1,5 m boyutlarinda kuru duvar teknigiyle insa edilecektir. Or-
neklendirme yalnizca metodolojik agidan uygulanmasimi gésterecek, drnek kiigiik 6lgekte tutuldugu
icin maliyetin boyutunun yerlesim tizerindeki etkilerini agiklamak miimkiin olmayacaktir.

51 Abrams, How the Maya Built Their World, 39, 43; Abrams ve McCurdy, 4.
52 Abrams, How the Maya Built Their World, 39, 43; Abrams ve McCurdy, 4.
53 Abrams, How the Maya Built Their World, 20-37.

54 Abrams, How the Maya Built Their World, Table 7.

55 Abrams, How the Maya Built Their World, Table 3.

56 Abrams, How the Maya Built Their World, 38-75.

57 Abrams, How the Maya Built Their World, 76-95, 109-24.

58 Abrams, How the Maya Built Their World, 96—108.

59 Abrams, How the Maya Built Their World, 109-19.
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Kaymake1 sur duvari yaklasik 1,5 m genigliginde olup, tas kaide yiliksekligi ¢esitli agma-
larda ortalama 1,5 m olarak ele gegirilmistir.6® Sur duvarinda, 2,5-7,5 kg agirliklarinda, bolgeye
0zgl cesitli boyutlarda mika sist taglar kullanilmistir. Mika sistler islenmesi ve ¢ikarilmasi olduk-
c¢a kolay yapiya sahiptirler. Bu yiizden tas ocak¢iliginda ilkel aletlerin kullanildig1 varsayilacaktir.
Kaymake1 mimarisinde kullanilan taglarin nereden geldigi kesin olmamakla birlikte yiiksek ola-
silikla tas ocagi olabilecegi diisiiniilen, tic km uzakliktaki alandan elde edildigi varsayilmaktadir.
Ve son olarak ¢aligmada bir is giinii bes saat olarak kabul edilmistir.®!

Eldeki verilere gére mimari enerji analizi yapilacak yapinin metrik hesabi 225 m?’tiir. Ca-
lisilacak 6rnegin voliimetrik hesabinin yapilmasinin ardindan atilacak ilk adim bir is akis semast
¢ikarmak olmalidir. Tag duvarin kaide insast1 i¢in Oncelikle tag ¢ikarma, daha sonra taslarin alana
taginmasi ve ardindan insa faaliyetine gecilmesi adimlari izlenmelidir.

Hammadde temini
_|_> Hammadde nakliyesi
_|—> Tas kaide insaati

Tablo 1: Tas kaide insaatinin is akis semast

Tas ocakeilig1 iizerine yapilan gesitli deneysel ¢alismalar sonrasinda sunulan oranlar de-
gerlendirilerek Kaymakei’da kullanilmis olan mika sist yogunluguna en yakin olan tas ¢esidi
kireg tasidir ve kullanilacak oran kireg tagi temininde elde edilen oranlardir. Buna gére Erasmus,
yaptig1 deney sonucunda bir kisinin ilkel aletlerle 0,46 m3/k-g kiregtasi ¢ikardigini kaydetmistir.62
Tagima i¢in ise ECAFE deneylerindeki insaat miihendisleri farkli yogunluklarda hammaddelerin
taginmasini igeren manuel tasima kapsaminda standart bir formiil yaratmiglardir.®® Buna gore;

1 < H

Is giicii maliyeti = q x (% " %+ cra+e)
q = yiik basina tasinan hammadde miktar1 (m?)

L = tasima mesafesi (m)

V = yiik tagirken ortalama hiz1 (m/dk)

V'’ = yiik tasimazken ortalama hizi (m/dk)

¢ = yiikleme zamani (dk)

d = bosaltma zamani (dk)

e = bosta kalma stiresi (dk)

H = giinliik ¢aligma stiresi (s)

60 Christopher H. Roosevelt vd., “Exploring Space, Economy, and Interregional Interaction at a Second-Millennium
B.C.E. Citadel in Central Western Anatolia: 2014-2017 Research at Kaymakg1,” American of Journal Archaeology
122, no. 4 (2018): 649-51.

61 Erasmus 1965’de yaptig1 deneyde tas temini ve nakliyesi sirasinda is¢ilerin 5 saat sonrasinda verimliliklerinin dra-
matik bir sekilde diistiigiinii gozlemlemistir. Ornek caligmada yalnizca tas kaide insaati uygulandigi igin 5 saatlik
is glinii referans almmustir. Erasmus, 283.

62 Erasmus, 286.

63 ECAFE (Economic Commission for Asia and the Far East), Manual Labor and its More Effective Use in Competi-
tion with Machines for Earthwork in the ESCAFE Region, United Nations E/CN.1l/Conf. 3/L.L. (Manila: United
Nations, 1957), 22.
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Daha sonra Aaberg ve Bonsignore bu formiil {izerinde ¢alisarak formiilii sadelestirmeye
gotiirmiislerdir.64 Son gelinen durum;

Is giicii maliyeti = Q x ﬁ x H
( v )

Tasima icin dnerilen bu matematiksel formiilde hammaddenin yogunlugu degil tasimanin
m® bagina yapilmasindan dolay1 bu formiil kullanilacaktir. Tas kaide ingaatinda yine Erasmus’un
Maya mimarisi iizerinde hargsiz kireg tasi duvar 6rme deneyinde elde etmis oldugu 10,5 saat-kisi/
m?® oran,®® yukarida bahsi gectigi lizere deneye yaklagik bir orandir. Gelinen son durumda insaat
stirecinde kullanilacak maliyet oranlar1 tablosu asagidaki gibidir:

Hammadde tedariki Kaynak
Tas 0,46 mi/k-g (tas ocakcilig) Erasmus, 1965: 286.
Tasima
LQ X HL Aaberg-Bonsignore, 1975: 46.
(v + ) Orijinal formiil: Q x (L—li) xH
v v
Insaat
Tas kaide 0,76 mk-g Orijif;f 222?1511092 Ssai'?llﬂsl/m

Tablo 2: Maliyet oranlar1 tablosu (kaynaklari ile)

Toplamda 100 m uzunlugunda, 1,5 m genisliginde, 1,5 m yiiksekligindeki 225 m?’lik
duvarin yapimi igin gerekli kisi-giin sonucu tablodaki gibi olmalidir.

Faaliyet Toplam Hacim Oran Maliyet
Tas ¢ikarma 0,46 m¥/k-g | 489 k-g
QxH
Tas tasima 225 m’ (£ + L) 22,5k-g
V %4 ’
Tas kaide insaati 0,76 m¥k-g | 296 k-g
TOPLAM 807,5 k-g

Tablo 3: Toplam harcanan maliyet tablosu

Elde edilen sonuglarin kesin sonuglar olamayacagini, ulasilan sonuglarin yaklasik bir de-
ger oldugunu, ayn1 zamanda oranlarin hammadde cinsine gore degistirildiginde sonucun dramatik
bir sekilde degismeyecegini de belirtmekte fayda vardir.

Ulasilan sonug ile 100x1,5x1,5 m 6lgiilerinde hargsiz tag duvar insast i¢in 807,5 k-g gerekli

64 Aaberg ve Bonsignore, 46.
65 Erasmus, 291.
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oldugu goriiliir. S6z konusu deger bahsi gecen isin tamamlanmasi i¢in ne kadar is giinii gerekti-
gini gostermektedir. Insaat icin on kisi ¢alistigim varsaymamiz halinde 80 giinde tas kaide insaati
tamamlanacaktir. Sonuglar istenildigi sekilde degerler degistirilerek ¢esitlendirilebilir. Yap1 say1-
s1, boyutu ve karmasikligi arttik¢ca daha fazla zamana ve daha fazla is giiciine ihtiya¢ duyulacaktir.

Degerlendirme ve Sonug

Saf mimari yap1 maliyet hesabinda insaat sirasinda kullanilacak arag-gereglerin hazirlan-
masi/bakimi/onarimi; nakliye yapacak yilik hayvanlarimin temini; yiik vagonlarinin hazirlanmasi/
bakimi/onarimi; ingaat alaninin tesviye/kazma/doldurma yoluyla hazirlanmasi; is giliciiniin eme-
ginin karsiliginin verilmesi; disaridan transfer edilen is giiciiniin kalacak yerinin saglanmasi ve
emeginin karsiligiin verilmesi gibi pek ¢ok faktdr arkada kalmistir. Ancak buna ragmen mimari
enerji analizi aragtirmacilara sadece istatistiki veriler sunmakla kalmaz, elde edilen matematiksel
sonuglarla toplumun bilinmeyenlerinin okunmasina olanak tanir. Ortaya ¢ikan resmin arka pla-
ninda toplumlarin sosyal diizeni, gruplar arasindaki hiyerarsi ve statiiler, toplumun refah1 ve eko-
nomisi buna bagli olarak politik giict, is giiciiniin toplumdaki seviyesi, mimari is giicline katilan
bireylerin cinsiyetleri ve belki kimlik sorunu ile hatta is giiciiniin yerel olmasi durumunda niifus
hesabi, degilse bile is giicii transferi yine toplumlarin ekonomik ve politik giicliniin anlasilmasina
katkida bulunabilir.

Mimari enerji analizi, gelecekte karsilagtirma yapabilmek adina bir ara¢ olarak diinya-
nin herhangi bir yerinde, herhangi bir déonemdeki yerlesmenin mimarisine uygulanabilir. Eger
bir arastirmada maliyet oranlart deneysel olarak elde edilmemisse ve elinde ¢alisacagi donemin
ingaat faaliyetlerini anlatan ya da mimari 6zelliklerini anlatan yazili kaynagi yoksa, ¢alisacagi
yapinin inga teknigi ve malzeme bilgisiyle daha 6nce benzer ¢aligmalarin oranlarini kullanarak
bir tahminde bulunabilir. Calisma oranlari, gézlemlenen iscilerin ya da kisilerin giin igerisinde
yaptig1 igin hacminin zamana oranidir. Su ana kadar elde edilmis tiim ¢aligma oranlari Abrams ve
McCurdy tarafindan m3/k-g cinsinden bir tabloda toplanmistir.6¢ Tablodaki oranlar belirlendigi
cografya belirtilerek kullanilan malzemeler ve calisma saatleri ile 6zellestirilmistir. Boylece ce-
sitli bolgelerde elde edilen calisma oranlar1 gelecekteki calismalar igin referans olabilir.

Kismen yeni bir yontem, Anadolu arkeolojisi igin ise yepyeni bir yontem olan mimari
enerji analizinin gelecekte yapilacak ¢aligmalarda yerini almasi, bilinmeyenleri ¢ozmemizde ve
bilinenleri ise dogrulamamizda bize yardimci olacaktir. Yapilacak calismalarda mimari enerji ana-
lizi kullanimu ile bu yaklasimin 6nemi daha belirgin hale gelecektir. Hem yontem hem de sonuglar
acisindan arastirmacilarin antik donem toplumlarini daha iyi anlamalarina yardimer olacaktir.

66 Abrams ve McCurdy, “Massive Assumptions and Moundbuilders: The History, Method, and Relevance of Archite-
ctural Energetics”, Tablo 1.1
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