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A Web-Based Energetics Calculator for Ancient Architecture
Federico Buccellati – NEH-Mellon 2016 Grant Proposal
1. Narrative portion
Research and contribution
Architecture is one of the main elements of material culture that archaeologists find in the
archaeological record. The main focus is generally on the typology of the building, the function of
the spaces and the life of the building as shown in the stratigraphy. There is, however, another
important aspect which is seldom explored: the process of construction leading up to the first use
of the building.
The chaîne opératoire methodology permits one to explore this process, allowing for its
disarticulation into discrete steps. It cannot, however, explore the temporal, material or energetic
‘cost’ of these steps – cost-calculation-algorithms are needed which can be applied to the volumes
of ancient architecture.
These algorithms attempt to answer specific questions regarding the cost (in time, material
and/or energy) needed for the steps in the construction process on the basis of the actual (as
present in the archaeological record) or estimated volumes of the building. Consider a mudbrick
building: how many mudbricks were needed to build the walls? How much soil and straw were
needed to produce those mudbricks? How many man-hours were needed to produce those bricks?
How much mortar would have been needed? How many roof beams? If there are stone
foundations or flagstone paving, where did this stone come from and how were they quarried?
How many man-days would it have taken to cut the stone and transport it?
An example: David Oates calculated that for 100 bricks approximately 1 ½ sacks of chaff
were needed, about 60kg (D. Oates 1990, 390). About 1/8 of a hectar was needed to produce 1 ½
bags of chaff (D. Oates 1990), giving the parameters for a rough estimate of the agricultural area
needed to provide for a known number of bricks.
The sources for these algorithms can be placed in three categories: ethnographic
observation, experimental archaeology, and textual sources. Ethnographic observations include
research done by scholars (primarily anthropologists) looking at modern work situations. These
observations establish a relationship between the variables being considered (materials used, end
product, workforce required and the time needed for tasks) that are common to the culture in
which they are working, and come from a wide range of geographic regions and chronological
periods.
The second category of sources, those deriving from experimental archaeology, is similar
to ethnographic observations but for one aspect: the process being studied is not part of the
activities normally carried out, but rather attempts to re-create elements of material culture found
in the archaeological record. The distinction is important, as the data derived from experimental
archaeology is based on the archaeologist’s re-creation of an otherwise undocumented process
which took place in the past. This re-creation is normally derived from information obtained from
local informants who may know and work with the materials already, albeit in another form.
The third group of algorithms comes from textual sources. These are normally ancient
administrative texts which describe numbers of people employed in construction – the tasks of
these workers are also often listed. From these texts we can derive algorithms that include the
variables under consideration for a specific process: materials used, end product, workforce
required and time needed.
Such analyses can be applied to structures in any pre-industrial society, and, because of

their nature, cross-cultural comparisons can be as meaningful as intra-cultural studies. The
understanding arrived at through these algorithms allow scholars to understand not only the
practical side of construction but also to look into questions regarding the community. The amount
of straw needed, for example, can give an indication of how much surplus straw would have been
available. The decision to use more ‘costly’ flagstones for paving, instead of brick or beaten-earth
floors, leads to considerations of prestige and monumentality. Such questions can be asked of any
building in any pre-industrial society, and, in some cases comparing the results across cultures can
give meaningful correlations.
This project allows scholars to study the process of construction for the buildings that they
are working on based on the algorithms described above. It collects the many sources from which
algorithms can be derived, and codifies them in a web interface so that scholars can quickly
calculate the temporal, material and energetic ‘costs’ that ancient builders would have had.

Methods and workplan
The methodology has been used by the applicant during previous research on the 3rd
millennium BC Palace at Tell Mozan, ancient Urkesh, a site in the Northeastern corner of what is
today Syria. A range of algorithms pertinent to that structure were developed and used to define
the cost of construction for that edifice, and lead to a discussion of value in relation to
monumentality and prestige (Buccellati forthcoming). A forthcoming article written with E. Kansa
demonstrated the applicability of the algorithms to buildings from other cultural contexts, and
showed the utility of Open Context data to go beyond a single case study (Buccellati and Kansa
forthcoming).
What is needed now is a platform where the algorithms are presented in an interactive
interface, linked via scholarly references to the sources from which they were derived and
examples for comparison. Such an interface will allow scholars working with architecture to use
their own data to calculate the temporal, material or energetic costs of buildings on which they are
working. To produce this interface a much wider range of data is needed to create algorithms
which can be applied outside of Near Eastern Archaeology. These data would be derived from all
three sources listed above: ethnographic observation, experimental archaeology, and textual
sources, and would come from work done in the Egyptian, Mediterranean, African, Central Asian,
Oriental and Northern, Central and Southern American cultural spheres. This would produce not
only new algorithms for materials not yet documented in the work cited above, but would also
confirm (or bring into question) these algorithms based on different source material or coming
from another cultural sphere. These modular cost-calculation-algorithms also enable the
exploration of diverse choices made in construction, for example determining the ‘cost’ of
constructed spaces in diverse materials.
The work plan for the project would include three stages: an initial stage to expand the
number of sources and algorithms, a coding period, and finally a testing and examples period. The
first step would be to expand the number of algorithms by looking for a wide spectrum of sources
from anthropological, archaeological and engineering texts. This will require 5 months, as the
sources come from a wide range of scholarly disciplines and the information needed is often
embedded in excavation or research reports.
The coding period would require 3 months, during which the algorithms would be
embedded in an interactive form allowing users to enter volumes of constructed space (walls,
roofs, etc.) or quantities of construction materials (number of bricks, bags of straw) and obtain
answers regarding raw materials or man-hours needed. Each algorithm would have an explanation
as well as links to other relevant algorithms; the documentation for each single algorithm would be

provided, linking directly to the text (for example on JSTOR) when possible.
The last period would be dedicated to the testing of the algorithms using examples from a
wide spectrum of buildings from diverse time periods and using many different types of
construction materials. These examples would then become part of the interactive form, allowing
users to compare their entered data to intra- or inter-cultural examples already calculated. A
complete user’s manual would be produced, giving an introduction to the project as a whole and
describing in detail the methods and sources used. This final period would cover the last 4 months
of the grant, for a total of 12 months.

Competencies, skills and access
The applicant’s PhD thesis, entitled “Three-dimensional Volumetric Analysis in an
Archaeological Context: The Palace of Tupkish at Urkesh and its Representation” (soon to be
published with Undena Books in its UMS series) was awarded “Summa Cum Laude” from the
University of Frankfurt (Frankfurt am Main, Germany). A portion of the dissertation used a series
of algorithms to calculate the temporal, material and energetic cost of the AP Palace at Tell Mozan,
an Akkadian palace dating to ca. 2300 BC. Further publications include the article written together
with E. Kansa mentioned above, and an article due to come out in Studia Eblaitica 2 concerning
the heuristic potential of 3D models which includes a discussion of algorithms and CAD-generated
volumetric measurements (Buccellati forthcoming).
The research will be conducted in California, where the applicant is a resident, as well as in
Berlin, Germany. The Alexandria Archive Institute, the host institution, is located in San
Francisco. The Alexandria Archive “runs Open Context, a digital library-backed system for Webbased publication of research data. Open Context enables publication, access, and reuse of
editorially-reviewed data and media from archaeology and related disciplines.” (from the
alexandriaarchive.org website) Open Context provides archaeological examples from across the
world, and the collaboration with the Alexandria Archive and the data in Open Context will be
invaluable for the success of this project. The TOPOI project in Berlin, Germany is an
interdisciplinary research cluster with sections dealing with monumental architecture as well as
construction techniques (particularly Research Area B: Constructing Historical Space). The
research materials needed are publications relating to the sources mentioned above – these can be
found in the Library system of the University of California and the libraries in Berlin:
Staatsbibliothek, the FU library, the Humboldt library and the TOPOI research library.
The applicant is fluent in Italian and German and has reading ability in French and
Spanish. These languages will be needed for the research proposed here as many of the sources
mentioned above are published in these languages. In terms of computing skills necessary for this
project, the applicant has worked with HTML 5, Java, MS Visual Basic, and GitHub.

Final product and dissemination
The web interface proposed here would be published as an interactive website. The code
behind the interface would be published as an open source document with GitHub, allowing for
changes to be made by future scholars as more information and sources become available. By
making these cost-calculation algorithms and their source background open-source, we make
parameters explicit, reusable and contestable. The audience for the interface is made up of scholars
working on ancient architecture – and as the project data will be made open source, as long as
these scholars also contribute to the underlying algorithms and data then the interface will be of
use to scholars far into the future.
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3. Résumé
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Title of dissertation: Three-dimensional Volumetric Analysis in an Archaeological Context: The Palace
of Tupkish at Urkesh and its Representation. Readers: Prof. Dr. Jan-Waalke Meyer (Frankfurt am
Main, Germany), Prof. Dr. Pascal Butterlin (Paris I, France) and Prof. Dr. Dittmar Machule (TU
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2000 – 2006: MAGISTER: NEAR EASTERN ARCHAEOLOGY Eberhard-Karls Universität, Tübingen, Germany.
Supervisor: Prof. Dr. P. Pfälzner. Degree with two Majors: Near Eastern Studies and Philosophy.
1995 – 1999: Bachelor of Arts, St. John’s College Annapolis, MD, USA
BA from the “Great Books” college, focusing on Philosophy, History of Science and History of
Mathematics.

Grants & Fellowships
March 2014 – February 2015: Förderlinie A – Goethe Universität Frankfurt a.M., Germany
A seed grant from the Goethe University for initial research into changes in material culture between
the Mittani and Middle Assyrian periods. The research question focuses on material culture as a
mechanism and indicator of control between these two very different political powers.
JULY 2013 – DECEMBER 2013: Nachwuchsförderung (Post-Doc), Goethe Universität Frankfurt a.M.,
Germany
A Post-Doc from the Graduiertenkolleg “Wert und Equivalent” (Research Training Group “Value and
Equivalence”) sponsored by the DFG (Deutsche Forschungsgemeinschaft) as Graduiertenkolleg 1576.
The PostDoc was given for the elaboration of a database scheme for the study of glyptics. Grant was
awarded upon the submission of the thesis for evaluation in June 2013.
2007 – 2014: Goethe Universität Frankfurt a.M., Germany
PhD associate status & scholarship holder from the Research Training Group “Value and Equivalence”
(DFG 1576).
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Positions Held
2008-Current: ASSISTANT DIRECTOR for IIMAS (International Institute for Mesopotamian Area Studies)
2010-Current: ASSISTANT DIRECTOR, Mozan/Urkesh Archaeological Project
2008-2010: FIELD DIRECTOR, Mozan/Urkesh Archaeological Project
1997-2000: COMPUTER GRAPHICS TECHNICIAN, IIMAS: Built and animated 3-D computer model of AK Palace
of Urkesh for documentary produced by TSI, Swiss Television – English and Italian language.
2009: COORDINATOR for the Mozan/Urkesh Archaeological Project within the ARCANE Project, RG8

Teaching
LECTURER, Universität Frankfurt (Main) –
Upper Level Seminar (Hauptseminar):
SS 2015: Perspektive Archäologischer Interpretation/Archaeological Theory
WS 2013-14: Darstellungsweise der Architektur – von der Theorie bis zum 3D-Modell/Perception of
Architecture
WS 2008-09: Perspektive Archäologischer Interpretation/Archaeological Theory
Concentrated Seminar (Blockseminar):
SS 2011: Paläste in der mesopotamischen Frühzeit/Palaces in 3rd Millennium Greater Mesopotamia
Introductory Seminar (Proseminar):
SS 2010: Die Archäologie und das Internet/Introductory class on archaeological research and publishing
online
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