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THE CHURCH OF THE HOLY SEPULCHRE IN JERUSALEM
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A Plan of the Holy Aedicule
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Historical aspects related to the Aedicule of the Holy Sepulchre

1t PHASE

* Period of Constantine the Great and construction of Constantinian institutions
(326-614 AD)

* The destruction of the Holy Shrines by the Persians (614 AD). The reconstruction of
the Church of Resurrection by Patriarch Modestos

* The destruction of the Holy Shrines by Caliph Hakem bi-Amr-lllah on 1009 AD
The reconstruction of the Church of Resurrection of the Byzantine Emperor
Constantine IX Monomachos (1042 - 1048).

2" PHASE

* 11th c. Byzantine period

* First Crusaders period (1099 - 1187)

3" PHASE
The restoration intervention of the Crusaders in the late Romanesque style, gives a
new character to the previous intervention of Monomachos, integrating all Holy
Shrines below a single building

From the Constantinian, to the Byzantine, to the Crusaders to the Renaissance, to the Komnenos period which we restore

.
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The Holy Aedicule (326 AD) (614AD) after its partial 8t c. AD. The (11t c. AD). The Crusaders’
destruction by the Persians rehabilitation of the core rehabilitation in the shape phase 12t c. AD
of the Aedicule by of “pulpit” by De Brun 16t c.
Patriarch Modestos Monomachos 1045 AD AD The current state of the

reconstructed Aedicule by architect
Komnenos in 1810 (after the fire of
1808) and the addition of the iron

frame from the British rulers, 1947
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Historic initiative of the Greek-Orthodox Patriarch of
Jerusalem to invite the NTUA

The project was initiated, became possible and is executed under the
governance of His Beatitude, the Greek-Orthodox Patriarch of
Jerusalem, Theophilos llI.

His Beatitude, the Greek-Orthodox Patriarch of Jerusalem, Theophilos Il
invited Professor Antonia Moropoulou (March 2015) and signed a
programme agreement with the National Technical University of Athens
in order to conduct a study regarding “Materials & Conservation,
Reinforcement and Rehabilitation Interventions in the Holy Edicule of the
Holy Sepulchre” with the consensus of all three Christian Communities



NATIONAL TECHNICAL UNIVERSITY OF ATHENS
Interdisciplinary Research Group for the Monuments Protection

~ I/ TP

Materials & Conservation, Relnforcement and Rehabllltatlon
Interventlons in the Hon Edicule of the Hon Sepulchre

Final Report Presentatlon,
27 January 2016, Consulate General of Greece in Jerusalem
19 February 2016, Greek-Orthodox Patriarchate of Jerusalem
8 March 2016, Zappelon Hall, Athens
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Scientific Coordinator:
Prof. A. Moropoulou

" Interdisciplinary Research Group NTUA:
Prof. E. Korres, School of Architecture Engineering NTUA, Former Director of the Interdisciplinary Postgraduate
~ Programme “Protection of Monuments”

Prof. A. Georgopoulos, School of Rural and Surveying Engineering NTUA, Laboratory of Photogrammetry

Prof. A. Moropoulou, Director of Studies in the NTUA Interdisciplinary Postgraduate Programme Direction

¥ «Conservation Of Building Materials», School of Chemical Engineering NTUA,

Laboratory of Materials Science and Engineering

" Prof. C. Spyrakos, School of Civil Engmeermg NTUA, Laboratory for Earthquake Engmeermg
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Aim and interdisciplinary methodology of Research

D o C UMENTATI ON

. Geometric, Structural, Documentation and
Integrated documentation . .-
Architectural characterization of
of the problem . . .
documentation building materials

I—I—l

Assessment of current
state against static and
seismic loads

Prospection of building
phases and decay
diagnosis and pathology

Principles, ethics, requirements Continual update of the three religious communities

and instructions for of the Holy Church of the Resurrection in Jerusalem
conservation reinforcement and and organization of scientific and institutional
rehabilitation materials and debate for decision making regarding the most

interventions appropriate solution.



DEFORMATION OF THE HOLY AEDICULE

Cause of the deformation: Deterioration

of the mortars & masonry swelling: e
= Mortars characterization: slightly N
hydraulic mortars produced from : *_\

marly limestone and lime-gypsum ,

mortars, susceptible to swelling, Drawing of deformations at the east

dissolution & degradation fagcade (Emm. Korres, 2015).
= A historic cause of the swelling was

the water precipitation through the Deformations of the metal supportive beams

open oculus of the dome above the - . -

Aedicule, until 1868 ¢
» Thereafter, as investigated by NTUA,

the main source of humidity is the

uptake through capillary rise from

the surrounding water canals and

underground voids

ff

Even the iron frame is deformed, 4-9cm. Significant deviations of the columns from the vertical plane



' INNOVATIVE PROSPECTION OF THE NON-VISIBLE LAYERS OF
T THE AEDICULE AS A MAJOR TOOL FOR ITS REHABILITATION

Integrated Non-destructive Prospection, Architectural
and Geometric Documentation Digitally Render the
Internal Structure of the Holy Aedicule

and Reveal its Construction Phases

1810 FILLER MORTAR [

3D SUPPORT TO THE DESIGN AND QUANTIFICATION OF
MATERIALS AND REHABILITATION INTERVENTIONS



INTERRELATED GEOMETRIC, ARCHITECTURAL, MATERIALS

AND STRUCTURAL DOCUMENTATION

-
GEOMETRIC DOCUMENTATION MATERIALS DOCUMENTATION

How architectural,
historical and
materials
characterization
geometrical
documentation and

it n

structural
assessment act as
knowledge based
digital infrastructure ARCHITECTURAL DOCUMENTATION
to support the
design of the
rehabilitation

==




NATIONAL TECHNICAL INTERDISCIPLINARY RESEARCH GROUP

UNIVERSITY OF ATHENS FOR THE MONUMENTS PROTECTION
® C(Cleaning and Protection of ® Dismantling and removal of
interior and exterior the stone panels
architectural surfaces and A \ ~ ‘
conservation of decorative ' i ‘
Q marble sculpted decoration, X = ~'® Removal of disintegrated |

: gpus/sectile, murals il and incompatible mortars Q
/ — from the revealed masonry

® Final mortar application,
pointing and finishing
® Repointing of the masonry

® Conservation interventions

'\ ITERATIVE

on the Onion Dome, the S )" : ) »
Dome of the Chapel of the A PROCESS ; ® Repair and Partlil -
Angel, the Dome of the OF THE MAIN reconstruction of part of the
Burial Chamber masonry
STAGES OF
® Anchoring of interior REHABILITATION

" @ Injection of grouts up to 3m
marbles J oL e =Hpios

@ Resetting and anchoring of
exterior columns

N

® Grouting of top zone

® Resetting and anchoring of

s ® Reassembly of stone panels
stone column railing



PROPOSAL FOR REHABILITATION

Minimum invasive
Maximum compatibility
& performance with
historical materials and
structures
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Diagram of the work’s
— progress

o (design by
Prof. Em. Korres)




COMPATIBLE AND PERFORMING MATERIALS — NDTs TO SUPPORT ASSESSMENT

Digital in situ microscopy to evaluate

\ microstructural compatibility
-

Strengthened < " ™~
e Restoration mortar
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Adequate
Assessment of mechanical mechanical

performance through FEM performance behavior
AND
PERFORMING
Specific conductivity MATERIALS
measurement:
<80uS/cm

Do not
introduce
soluble salts

Ensure
breathability

Revealed masonry

- Inhomogeneous temperature vl )
distribution due to the Repointed masonry
presence of incompatible - Homogenous [205)
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The Common Agreement of the Status Quo provides him with the authority, in constant
collaboration with the Leaders of the Christian Communities, the historic Guardians of the Holy
Sepulchre, consisting of the Greek-Orthodox Patriarch of Jerusalem, Theophilos Ill, the Custos of

the Holy Land of the Franciscan Order, Pierbattista Pizzaballa (until May 2016), today the
Apostolic Administrator of the Latin Patriarchate of Jerusalem, and Francesco Patton (from June

2016), as well as the Armenian Patriarch in Jerusalem, Archbishop Nourhan Manougian, to
coordinate all scientific, technical and administrative aspects of the project.

COMMON AGREEMENT

Today March 22%, the three Communitie:
Holy Places, are fulfilli
Status Quo, by install

the historic guardians and servants of

a historic responsibility that has been entrusted to us by the
the scaffolding 1o allow for the r

reinforcement and repair interventions to the Holy Aedicule.

estoration of the Sacred

ied out by a team of

Today we mark the formal beginning of the project for the

under the suj ision of

fessor Moropoulow, whose important report has recently been completed and
published. This

eport was submitted to the three Communities here in Jerusalem in

February of this year, and the work can now begin.

We wish to acknowledge the consensus that the threc Communities have r
this project could proceed.
Orthodox P

hed so that

llowing up the meeting of March 19%, at
archate of Jerusalem in order to forward the

diagnostic rescarch and straicgic planning for compatible, performing and sustainable
Is and conservation and rehabilitation interventions of the Holy Aedicule of the
Holy Sepulcher in the All-Holy Church of the Resurrection in Jerusalem,” conducted by
the National Technical 1

materis

iversity of Athens.

The implementation of this project will respect and will not change the rights and the
claims of the three Communities

The consensus achieved implies the following:

oject will be managed within the following frameworl
2.1 The meeting of the Heads of the three major Communities performin

as “project
owners’ commifies” (POC) will underiake the responsibility for all strategic decision
making

2.2 Each Community should create separate accounts for contributions in order to
collect the ne

ssary funds to cover

he cost of completion of the works of the
conservation of the Holy Aedicule.

The commenc

ment of the works will begin within a fortnight afler the Eas
1 of the Eastern Churches

to one year,

e Holy Sepuleher or, 1
the Aedicule, nor prevent the access of pilgrims into these pl
2.4 The CTB (Commeon Technical Bureau of the Chureh of the Holy Sepulcher)

cifically, in

aces.

staffed by three Architects by the three Communities, will be responsible for the

+1

correct execution of the project according to the scientific studies and directives

ve of the

realized by the National Technical University of Athens. The represen

Common Technical Bureau of the Church of the Holy Sepulcher (Dr. Theodosios

Mitropoulos), as Construction Site Mai

ger (CSM), will be responsible for the

directives set for

construction site’s operation within th d by the relevant

authy

ies.
2.5 The Scientific Supervision will be performed by the interdisciplinary NTUA
Study Te: A. Moropoulou (CSS). Sh
responsibility for the scientific monitoring of the work and is the di
h will be set

plinary NTUA scientif

headed by Professor

has the overall

ector of the

nterdisciplinary scientific monitorin,

construction site. In colla
Project M:

e will monitor and control the work

2.6 The project ma

progress accord

the sci

e (POC) project owners’ Committee a cering Committee (SC) to

the current problems of

grated project govemance with the participation
rvisor), the CSM (Construction Site Manager) and

the PM (Project Manag

r). The Patri
SC with the obligation to inform the project owners Committee.

ch of Jerusalem or His Deputy is chairing the

For the first time in over two centurics, the Sacred Aedicule will receive urgent

interventions. This restoration will secure this Holy Place for
all

renewal. During the entire project, the Holy Tomb will remain accessible to pilgrims

enerations yet to come for

ose pilgrims

people of good will who come to this church to seek spiritual

without disrug

n,

a

nd for this careful planning and execution we owe the project tea
huge debt of gratitude. The Holy Tomb must always be open to all,

May God bless this work and those whose responsibility it is to carry out, and may the

ovation of the Holy Tomb of our Lord Jesus Christ be a beacon of hope for a hurting

world:
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St\m ¥\ NATIONAL TECHNICAL INTERDISCIPLINARY RESEARCH GROUP
- \R7/ UNIVERSITY OF ATHENS FOR THE MONUMENTS PROTECTION

SCIENTIFIC SUPERVISION, MONITORING AND DECISION MAKING

PROJECT FOR THE CONSERVATION, REINF-O'&QEMENT AND REPAIR INTERVENTIONS
FOR THE REHABILITATION OF THE H&%&DlCULE OF THE HOLY SEPULCHRE
IN THE ALL-HOLY CHURCH OF RESURRECTION IN JERUSALEM

National Technical University of Athens
Chief Scientific Supervisor:
Prof. Antonia Moropoulou

A Collective Work by

NTUA Interdisciplinary Team
Prof. E. Korres, Prof. A. Georgopoulos, Prof. A. Moropoulou, Prof. C. Spyrakos,
Assist. Prof. Ch. Mouzakis, Deputy Construction Site Manager
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An exem Iar& project highlightil d European Innovation and
Expertise in the field of Cultural Herltage protection
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Implementation methodology

ORGANISATION
MANAGEMENT
OF
CONSTRUCTION

SITE » The continued operation of pilgrimage of
the Holy Sepulchre is ensured




P roj ect F un d i N g N. Moropoulos, Project Manager

 The Holy Edicule project raised a total of Euro 3.7 million in funds,
including cash contributions and self-funding by the three
”Status Quo” communities, as shown in the Table below.

* Total expenditure is Euro 3.5 million (Project Closure is pending).

IOANA MARIA (MICA) ERTEGUN
Amount in Great Benefactor
Funding - Cash Euro
Donations 1,680,779
World Monuments Fund 1,156,202 — .IACK SH EAR
Communities - Cash Contributions 384,180
Cash Funds Total 3,221,161 Benef aCtor
Amount in
Funding - Non cash Euro
Self funding activities 324,495 through World Monuments Fund
Segean 159,000 WMF total 1,156,202 Euro
Non-cash Funds Total 483,495 L

Total funds 3,704,656



MICA ERTEGUN Great Benefactor through WMF

g - -

Mica Ertegun and Linda Wachner

TS T e ——— s
Under the blessing of Father Alex from the Greek Orthodox i HHES

Archdiocese of America and with the active participation

of WMF (pr/or pres:dent Bonnie Burnham)




SCIENTIFIC
SUPPORT TO
INTEGRATED

GOVERNANCE

Interdisciplinary Do:umentation
& Monitoring Laboratory IDML

Pierbattista Pizzaballa Francesco Patton

Patriarch
Theophilos IlI
(Chairman)

Project Steering Committee

(5-7 members)

Patriarch
Theophiloslil
(Chairman)

Chief Supervising
Scientist & Director of
Materials &
Rehabilitation
Interventions
Prof. Antonia
Moropoulou

Project
Manager
Ir. Nikos

Moropoulos

Site Manager
Dr. Theodosios
Mitropoulos

Armenian
Patriarch
Nourhan

Manougian

Director of
Restoration
Prof. Emmanouil
Korres

- Administrative

Director of
Reinforcement
Prof. Kostantinos
Spyrakos

Direct. of
Geometric
Documentation
Prof. Andreas
Georgopoulos

Deputy Site
Manager Assist.
Prof.
Charalampos
Mouzakis

Asst. Deputy
Site Manager,
Head of
; Restorers
Vasileios Zafeiris

- Scientific - Construction site management



Scientific support to decision making

The integrated scientific management of the project is
recognized as the only prerequisite that can successfully
face the risks and uncertainties that arise during the
progress of the Works.

Continuous scientific documentation, monitoring and
assessment of all acquired data, in real scale and real
time comprises the scientific support to decision
making. Hence, the integrated governance of the
project is achieved on the basis of the NTUA study, as
well as the NTUA scientific reports throughout the
implementation of the study



The work site is successfully
organized without disrupting
the flow of pilgrims or
religious functions

:

ADDITIONAL LATERAL SUPPORTS ()
TO THE 1947 IRON FRAME OF THE
| BRITISH MANDATE ( § )
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At two rooms of the Rotunda, belonging to the Greek-Orthodox
Patriarchate, the Interdisciplinary Documentation and Monitoring
Laboratory has been established, continuously functioning under the
NTUA interdisciplinary team’s scientific responsibility




conservators working in full capacity in
two shifts day and night




DISMANTLING AND REMOVAL OF THE STONE PANELS 20072016

Architectural design from 3d geometric representation ' Dismantling process
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South Facade Codes are assigned to
each stone
3d Documentation of each stone slab Data was used for
_ \ the assessment of

interventions

Removal of stone slab, transportation to conservation lab



REMOVAL OF DISINTEGRATED AND
INCOMPATIBLE MORTARS

30.07.2016

| Monitoring of

thermohygric
performance —
warning of
continuous
rising damp

Architectural and
. geometric documentation
 of historic masonry

REPOINTING OF MASONRY
WITH RESTORATION MORTARS

STUDY PROPOSAL

Compatible to the original mortars: Lime-
pozzolan mortar (High reactivity metakaolin),
with river quartz origin aggregates of 2 mm
maximum gradation&inorganic mineral fibers.
Performing to the structural integrity of the
original structure, according to FEM results:
compressive strength >15 MPa

IVIPLEIVIENTATION STUDY

MasterEmaco S 285 TIX

Lime-metakaolin mortar (with high reactivity
metakaolin), without the presence of cement,
with river quartz origin aggregates of a maximum
gradation of 2mm and with the addition of
mineral inorganic fibers. It guarantees
compressive strength >15 MPa




PARTIAL RECONSTRUCTION OF MASONRY AREAS TO ADDRESS SWELLING,
STRUCTURAL INEFFICIENCY AND DAMAGE OF THE MASONRY M 24.08.2016

= Geometric and architectural documentation === The new masonry was constructed using
orthogonal stone blocks with largely

standardized dimensions, to ensure
compatibility and to enhance mechanical
performance and homogeneity. Jammain
stone, a beige limestone from Palestine, is a
type of Mizzy and was selected as the most
compatible and performing stone (F. 70MPa)
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Basic requirements fulfilled:

= Safety - structural integrity of the aedicule.

= New building stones compatible with the historic
materials

= Preservation of the Holy Rock

New masonry conformed to the shape of
the Holy Rock -

83_T81
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3 South Facade
Exterior stone Exterior stone Interior historical
panels prior to panels after masonry after
disassembly removal of slabs removal of slabs

The design of the repair masonry was based on data from geometric

and architectural documentation to ensure that the repair masonry
conforms to the shape of the Holy Rock and does not protrude such ,
that it hinders the final reassembly of the exterior panels f




HOMOGENIZATION OF STRUCTURAL LAYERS AND CONSOLIDATION OF THE HOLY ROCK
BY THE INJECTION OF COMPATIBLE GROUTS
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Geometric and architectural documentation data facilitated grout injection tube design and
documentation
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(REMOVED ZONE) 1810 FILLER MORTAR ' -
W Grout Injection (%) 1rst Zone W Grout injection (%) - 2nd Zone

(DISMANTLED ZONE)
EXTERIOR STONE 1810

=
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% Grout volume injected
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EXTERIOR STONE 1810

(REMOVED ZONE) 1810 FILLER MORTAR '

Analysis of the relative location of the exit tubes in the case of
insertion tube N3_01, based on the internal structure of the Aedicule
as revealed by GPR analysis, shows that grouting was successful in
homogenizing the interface between the restoration masonry and
the north block of Holy Rock as well as the other construction phases S Um0
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. Cumulative grout volume injected % - 1st area

Grouting curve of 2" zone
in relation to 15t zone

%) Cumulative grout volume injected

100

ive grout volume injected (%)
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NDTs FACILITATE DECISION
MAKING

The higher areas of the panels
consumed a significant volume
of grout ~40%; this is in
accordance with IRTh results
conducted after the lower part
grouting, which showed the
presence of voids at the higher
panel levels and indicated the
necessity of the upper zone
grouting

West panel, after grouts, 14/11/2016




RESETTING OF EXTERIOR COLUMNS 11.11.2016

1947 - January 2016 |

Process of a column repositioning

Assessment
of reduction
of deviations
from| .1 | :
verticality |~ 5 v s w s s e st

during the 1947 - August 2016 |

works éTE@;
R ’54 "" §37N s N2 s N
1947 - October 2016 |
I I Tz
One of the basic requirements, prior to the Tv? ?
reassembly of the panel slabs and the I
addition of the filling mortar, between the
masonry and the stone panels, is the L l
resetting of the dislocated columns. i -
WM’%N\’\ %/&‘AA{Y\A
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o Jerusale

Examples of fully corroded
iron support bars in area N1

In-situ validation of titanium
anchors and bolts design and
implementation study

REINFORCEMEN T BY TITANIUM 28.01.2017

The finding of corroded iron support bars
necessitates the use of titanium, as proposed by
the NTUA interdisciplinary team, in order to
avoid such phenomena and ensure the
longevity of the structure

—‘fi

TEr Holes were drilled at the columns for the

installation of titanium anchors

£ Onsite

f pull-out tests

L]




DIGITAL DOCUMENTATION IN COOPERATION WITH THE RESULTS OF
EXPERIMENTAL TESTS AND FEM PERMITS THE DESIGN OF SLABS ANCHORING

Calculation of
seismic loads
for the design of
marble slab
attachments by
Finite Element
Modeling
analysis

3D
documentation
of stone slabs

Architectural
and geometric
documentation
allows for the
design of the
anchors and
bolts positions

BOLTED RIBBED ANCHORS FOR COLUMNS

I-A i =<
STONE SLABS’ ANCHORS

;*‘—g =

VERTICAL PINS AND HORIZONTAL ANCHORS
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RESETTING AND ANCHORING OF INTERIOR MARBLES

06.02.2017
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Marble Cover
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Plan for anchoring of columns in the interior of the Chapel ' . T - . he Chavel of th |
of the Angel (by Assist.Prof. Ch.Mouzakis) 3D reconstruction of the interior of the Chapel of the Ange
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REINSTALLING THE MARBLE PANELS

T T . A L

Installatlon of a tltanlum mesh
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Note The use of the tltanlum mesh ensures coherence of the gap filling

“concrete” layer and does not undertake any structural loads
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REINSTALLING THE MARBLE PANELS

Reassembly of the stone slabs

Process of stone slabs reassembly



REINSTALLING THE MARBLE PANELS

Application of the optimized filling mortar 19.01.2017

Use of compatible and performing “concrete” in order to
fill the gap between the masonry and the reassembled
stone slabs. Where the gap was less than 12 mm, the
restoration mortar was applied

All data was
digitally
documented
and validated
by NDTs in

“ order to act as
input data for
the FEM
analysis




DESIGN OF CONSERVATION, REINFORCEMENT

AND RESTORATION INTERVENTIONS
3D REPRESENTATION AND STRUCTURAL ANALYSIS

—
(INTERNAL)
WOODEN LOAD
BEARING
STRUCTURE

LEAD COVER

1 LIME

PLASTER

5 LEVEL:764.10m

' LEVEL: 763.10m

<

“*»(p LEVEL:762.11m

SLAYEB

METALTIE
> STONE

Georeferenced architectural
analysis coupled with geometric
and materials characterization data

3d Representation of the Onion
Dome internal wooden structure



ONION DOME OUTER CUPOLA METAL SUPPORT

by Prof. Emm.Korres
Estimates by Ass. Prof. Ch. Mouzakis

DISINFECTATION OF THE HOLY AEDICULE’S ONION DOME WOODEN
ELEMENTS OF WOOD-BORING INSECTS AND FUNGHI

Prof. A. Moropoulou*, Dr. E.T. Delegou*, Antonios E.
Tsagkarakis, MSc, PhD**

* Sch. Chem. Eng., National Technical University of Athens,

** Laboratory of Agricultural Zoology and Entomology,
Agricultural University of Athens, Greece

« = ;?i;:‘.‘ ‘ :,: S \\‘

' °' Ventilation system in the dome
I/ [ — TN N




CLEANING “ REINFORCEMENT AND CONSOLIDATION OF CRACKS

* Primal 3% acrylic emulsion

g

o
B
o

v i

PRESERVATION OF THE MURAL
PAINTING — COMPLEMENTING
THE PAINTED DECORATIONS

<~ . "




L i e,
CONSERVATION INTERVENTIONS AT THE DOME OF THE
TOMB CHAMBER

Before cleaning \ 1% o




3 Jayer:
- Lime
putty/sand/

~ crushed 3

"’ marble
 (marmorino)

Insertion of 8mm .
titanium pins B R . Sealing of voids and cracks
\M s -

CONSERVATION INTERVENTIONS
AT THE DOME OF THE CHAPEL OF THE ANGEL



CLEANING INTERVENTIONS

FROM PILOT TO FINAL APPLICATION
: S D ], N e YN

Pilot Cleaning Interventlons



PROTECTION INTERVENTIONS

FROM PILOT APPLICATION v TO FINAL APPLICATION

Pilot Protection Interventions

o S W 5~ ~
A wax based material in water dispersion [E*ST¥Y
- B UlINGS =SNG TN i N

- - Decision making

5

3 ‘!-.l".",”‘ “'7 L
RRRIIIE 02015 12

4

In order to ensure sustainability, a cultural rehabilitation of the pilgrims’ attitude is required.
The extinguishing of the candles onto the Aedicule’s exterior facades, must stop




%%\ NATIONAL TECHNICAL INTERDISCIPLINARY RESEARCH GROUP
- L\&/ UNIVERSITY OF ATHENS FOR THE MONUMENTS PROTECTION

1. Assurlng St ct Integrlty
2. Revealing A nLPr erving The Values
3. Ensurmg‘ - >

.
2

Upon the completlon of the project

we can ask ourselves:
Were these aims achieved?

R
\. < >

NS



LS ELE AL BACHIEVING THE PROJECT'S GOALS:
columns® Deviations 1. ASSURING STRUCTURAL INTEGRITY

from verticality

| 1947 - sanuary 2016 Timber Dome
DIGITAL GEOMETRIC DATA
TITTTX T v 3 % Marbl
BRI 12 : F . MULTILAYERED arble
Ty 1 [ 1 ! i1 10 columns
11 ] E (1 FINITE
3 \ _ E E ; % ELEMENT Facade stone
cArdiarandr MODEL
| 1947 - August 2016|
1‘; 7 T 13T TIZCIZ
I 1[ [ Holy Rock
TS NS sa N4 S3UN3 U s2 N2 STON Masonryin
| 1947 - October 2016| contact with
F’; i’ Holy Rock
S Seismic activity Masonry
: ‘l i ® mqfffg@_gie’rusle
| :‘ T e caen 9% Cara: vy P! Strengthened Holy Aedicule
254t | DIGITALIZED MATERIAL DATA
. THE RESPONSE OF THE
RETROFITTED STRUCTURE i/ =
IS VALIDATED
4R The retrofitted structure

fulfills the damage limitation
performance level
for the design seismic action.




SRS EN A v V.
As a result, the iron frame installed by the British Mandate
in 1947 (Freeman), in order to negate the deformation of the

Aedicule and ensure safety, was removed

" -




2.02.2017
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; REVEALING
OF VALUES




REVEALING THE HOLY ROCK,
THE ARCHETYPE MATERIAL OF THE BURIAL MONUMENT




PRESERVATION OF THE

EXISTING GILDING DECORATIONS
s OF THE SCULPTED MARBLES
' OF THE HOLY AEDICULE

&Y
"‘\

The existing gilding decorations of the sculpted marbles of the Holy
Aedicule will be conserved and preserved, but not reproduced




REVEALING & CONSERVATION OF THE
FRESCOES: CHAMBER OF THE TOMB

Before cleaning

After
cleaning

i
iy

/&

After cleamng

‘ &




AESTHETIC CONSERVATION OF THE OPUS
SECTILE DECORATIONS IN THE
CHAPEL OF THE ANGEL

-

Cutting the restoration parts of opus sectile

Aesthetic conservation of
the opus sectile replacing
slayeb and black limestone
missing parts




ACHIEVING THE PROJECT’S GOALS:

2. REVEALING AND PRESERVING VALUES

REVEALING, CLEANING AND PROTECTION OF THE
ONION DOME EXTERIOR SURFACES

May, 2015 March, 2017



D
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REVEALING, CLEANING AND PROTECTION OF THE
LOWER INNER CUPOLA OF THE ONION DOME

Ny
R (&




REVEALING, CLEANING AND PROTECTION
OF THE EXTERIOR FACADE INSCRIPTIONS

Northwest facade

* Before: left
(May 2015)

» After: right
(March 2017)

South fagade

* Before: upper
(May 2015)

» After: lower
(March 2017)




A golden cross, copy of the Komnenos
cross, installed on the top of the
rehabilitated onion dome of the Holy
Aedicule of the Holy Sepulchre

Area where the cross
was discovered




PRESERVATION
OF VALUES

FINDINGS






N VRN |
Lifting of the stone of the Tomb
e burial monument
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LUMINESCENCE DATING RESULTS - TL/OSL DATING  Inter-calibration of results

Prof. A. Moropoulou*, Dr. E.T. Delegou*, PhD Cand. M. Apostolopoulou*, Prof. N. Zacharias**
* Sch. Chem. Eng., Nat. Techn. Univ. Athens, **Lab. Archaeometry, Univ. Peloponnese

ruminescence Absorbed radiationdose (Gy)
| ] _ Dose rate (Gy/ka)
2| | e, -
37 AGE = ED/DR
10 parameters are required, such as: ) : -
» Luminescence signal Use of the phenomena of Thermoluminescence
« Signal correction - oti :
. Signal attenuation form - (TL; stimulated by heat) and Optically
- Sample moisture content Stimulated Luminescence (OSL; stimulated by
» Calculation of cosmic rays light) to result in an ABSOLUTE AGE
 Calculation of uranium,
thorium and pottasium TL/OSL instrumentation Holy Aedicule samples

cosmic

~ PO
Mirror 1 _Mirror 2 e /_ g =
n 7 r D b G
& MT a2

rays

el
D
,mgyr feldspar,




Archaeometric results
stemming all historic periods
from the Constantinean era to
Byzantine, Crusaders, |
Renaissance and Komnenos

1810 FILLER MORTAR

EXTERIOR STONE 1810

N3

Moropoulou, A., Zacharias, N., Delegou,

E.T., Apostolopoulou, M., Palamara, E., &

Kolaiti, A. (2018). OSL mortar dating to
elucidate the construction history of the
Tomb Chamber of the Holy Aedicule of
the Holy Sepulchre in Jerusalem. Journal
of Archaeological Science: Reports, 19,
80-91.

v

S3

o

A
s 1

1810 FILLER MORTAR

—_——

335AD+235




The mortar sample from the
north-west area of the
Tomb, bearing red mosaics
was dated to the Bonifacio
restoration period

L

EXTERIOR STONE 1810

|

[ A comparative study of the mortar
remnant sample taken from beneath the
orange hued plate with other samples
enhances the historic representations
estimating the provenance of the upper
plate in the period between the sack of
Jerusalem by the Khwarazmian Turks
(1244) & Bonifacio’s restoration period
(1555)

porphyry slab, that had lips on the sides, and in
the middle of the slab there was cut a streak”,
Biddle M. “The Tomb of Christ”, p.88, (1999)

KTERIOR STONE 1810

1810 FILLER MORTAR

ARCHAEOMETRIC INVESTIGATION OF DIFFERENT TYPES OF MORTARS

Archaeometric

hk—,_f
! S3

N3

analysis estimates
the age of the

MASONRY

mortar connecting
the gray plate with
the bedrock at the
Constantinean era

345AD * 230

1040AD + 150

Michael IV Paphlagonian or
Constantine Monomachos
restoration / Crusaders’
interventions

“..some time before 1106/8 the Tomb

1810 FILLER MORTAR

Chamber was rebuilt....the limiting dates
are 1009 and 1106/8”, Biddle M. “The
Tomb of Christ”, p.85, (1999)




: i NATIONAL TECHNICAL
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INNOVATIVE NON-DESTRUCTIVE INSPECTION BY NTUA TO
REVEAL THE BURIAL MONUMENT’S MORPHOLOGY

Burial
Rock
surface

Digital portable microscopy over the burial surface

i
LR

Ground penetrating radar prospection over the Holy Tomb
indicates and internal interface 20cm below the top surface of
the marble plate:

This corresponds to the top surface of the burial rock

g Ground penetrating radar prospection over the
k Holy Tomb indicates and internal interface 18cm
behind the front marble plate surface

e
o
o
o
o
o
=

GROUND PENETRATING RADAR SCANS
OVER THE BURIAL SURFACE OF THE OPEN TOMB

Indications of Internal Rock Feature or Planar Interface
approximately 20cm Below The Burial Rock Surface

Indications of Internal Rock Feature or Planar Interface
approximately 50cm Below The Burial Rock Surface




(A. Moropoulou, K. Lampropoulos, M. Apostolopoulou 2017) based on recent findings and GPR survey

Verdun Altar, 1181 i
Nikolaus von
Verdun *

Battistero di San Giovanni in Tumba
Tomba di Rotari

THREE LARGE ROUNDELS REPRESENTING
THE 'PORT-HOLES’ which were a key feature
of the burial couch in the Aedicule from c.
1100 or before until the 14th century

Ground penetrating radar indicates the
presence of remnants of the earlier front
marble panel of the Holy Tomb, between

the current one and the Tomb.

REFLECTIONS CORRESPOND TO THE EDGES
OF THE THREE HISTORICAL PORTHOLES.




i

The Holy Rock evidenced from the Constantinean era to the Bonifacio restoration

N

AR

T S1411/2016 4
g '
o S

" 10w MRS

335AD * 235

Archaeometric investigation of the two types of historical
mortars found in the crack, reveal the application of
mortars over a large period of time, from the

Constantinean construction till Bonifacio’s restoration
period




Did Komnenos built a completely new Aedicule around the remains of the Holy Rock or
did he embedded parts of the earlier Aedicule that survived the destructive fire?

Possible remains of
an earlier
construction phase

Triangular shaped
marble pieces with
decorative cymatia

Archaeometric

analysis dates the
Architectural and Ground Penetrating ceramic drain tube

h \
Radar analyses were verified, Lot ? } : . within the masonry
rega rding the prediCtEd internal |ayerS i":_“"JmusalemPatriarchate-NationalTech“Universitvof them‘J tO ear/y 19th C.

Komnenos most probably preserved the core of the masonry, at least at its lower height, which
is presumed to have been erected by Monomachos with later interventions, embedding
primary materials in his own construction phase. Moreover, the roughly reconstructed

masonries of the Komnenos phase, are proof that the reconstruction was implemented in
conditions of great haste



ACHIEVING THE PROJECT’S GOALS:

2. REVEALING AND PRESERVING VALUES

(A. Moropoulou, K. Lampropoulos, 2017) based on recent findings and ground penetrating radar survey

HISTORIC REPRESENTATION OF THE HOLY

AEDICULE EVOLUTION BY DIGITAL CORRELATIONS:

LATE 16t & EARLY 19" CENT. AEDICULE

Late 16" cent.
Aedicule

Early 19 cent.
Aedicule

The digital correlation,
(NDT prospection, and
architectural, geometric
and historic
documentations) of the
late 16™ and the early 19t
c. Aedicule indicates the
probability of embedded
parts of the earlier
structure:

* At the western part, up
to the Myrrhbearers
area

* At the eastern part, up
to 1.5m of the northern
masonry of the Chapel
of the Angel

J




ARCHAEOLOGICAL SEMANTICS OF THE

UNDERGROUND AREA
OF THE CHURCH OF THE HOLY SEPULCHRE

Cl1 @5

C8

C6 1 Towet

O\ |
.
NTUA GEOMETRIC SURVEY " r E

r 1

NTUA GPR SURVEY [-
- =
CORBO DOCUMENTATION
I

0 10m 20m 30m

ﬁarﬁ NATIONAL TECHNICAL INTERDISCIPLINARY RESEARCH GROUP

FOR THE MONUMENTS PROTECTION

‘\\;\/'y UNIVERSITY OF ATHENS

The Holy Aedicule is located at
the center and above a cluster of
underground cisterns, and
natural and manmade
underground voids and spaces

Geometric documentation
(vertical section) of cistern C1

AEDICULE =

Geometric documentation
of Corbo’s Excavation

Section B’B looking east Orthophoto Horizontal Section at-1m Section A’A looking east

Section BB’ looking west

Section AA” looking west



ACHIEVING THE PROJECT’S GOALS:

2. REVEALING AND PRESERVING VALUES

SEMANTICS OF THE BEDROCK MORPHOLOGY OF THE
SITE OF THE HOLY SEPULCHER - NEW FINDINGS

CALVARY Outline of current church

mﬂngPULCHER

General ground plan of the Holy Sepulchre,

courtesy of D.-D. Balodimos, A. T N e Y YR e @
Georgopoulos and G. Lavvas, 2003 e _Hypothetical Model of the site of the Holy
Sgpu/chre by T Bull 3,F/g'5) .
2 T i Y wll -
ope Basilica of Costantine

Cross-section: R. Sabelli Basilica o;f \ Hadrian Temple TR Rotunda /
“Roman changes to the Constantine \
hill of Gareb in “Aelia Podium Banan Tekole

Capitolina”, Restauro \ -
Arcaelogico, Firenze ™

University Press, 1.2015 l \ v
88-111 — A i | | | +4,80m

1K:|ar17 fxg—zqait slt r "*—F"—
+,JU('UV.—4Li:I l ] : TN : L =
— —‘-460(7495835!)
Calvary Tomb onh rd

s CALVARY HOLY SEPULCHER



ACHIEVING THE PROJECT’S GOALS:

2. REVEALING AND PRESERVING VALUES

(A. Moropoulou, K. Lampropoulos, 2017) based on recent findings and ground penetrating radar survey

The Cistern may be the remnants of a Tomb, its roof cut-off during z

the leveling of the area by Constantine. — E> N / -.‘"\

* The tunnel towards the Aedicule could be a southward extension = J-| . 'l
of one of the burial openings of the Tombs " '; oz 2 ( ’

* The other openmgs may have been blocked by the stone lining | e B g

The Tomb of Joseph of | t i
Arimathea (+0.30m level)
may be the remnants of

a multlleyel cluster of = - - T et gt
Tombs, as in the case of G = . e - * “Cistern” is at -2.37m level
the Alkedama Tombs, | =<'y Y ™ l‘ sV 7« Tomb of Joseph of Arimathea is
Jer usalem,.af ter the 1| V. =l AN 2 S at +0.3m level
construction of the | |- T o > i O - * Tomb of Christ is a +0.9m level
Constantine Roltunda. B g * F 2 i il " with an eastern entrance
o : X 7 g ~ 2. Taking into account Corbo’s
E‘ﬂnj ! » N i o W@ ¥ . excavations and recent GPR
i X 0 | : . | findin gs
. ; Y + Rt +
| 4 : B L] are indications that the western
i boundary of the quarry may
e - — l4—e 1~ have had a north-west direction
o, oo | /MJ L] ] during the Hadri
[] g the Hadrian era
-t Akeldama Tombs complex, Plan 1.1 from G Avni,

Z. Greenhut, The Akeldama Tombs, IAA 1996



The abandoned
quarries
partially used as
agarden ... -

V. Corbo 7 &
1981/1982, \
I, Pl. 67

Potential Tomb
corresponding to
Hadrian Cistern

Cluster of Tombs
(including Tomb of Joseph
of Arimathea). Potential
entrance at the surface of
the rock volume removed
by Constantine or from
the western street level
(also removed)

ACHIEVING THE PROJECT’S GOALS:

2. REVEALING AND PRESERVING VALUES

(A. Moropoulou, K. Lampropoulos, 2017) based on recent findings and ground penetrating radar survey

Holy Tomb

S lon J
PECCORBO 1991 Y

¥

Jeexs 191END uenspud

Holy Tomb Outline of western
boundary of the
quarry according to
oo R. Sabelli (2014),

) 7 \ews  based on directions
of quarrying
according to Corbo’s
indications

=

Holy Tomb

(A. Moropoulou, K. Lampropoulos, 2017)
POTENTIAL OUTLINE OF WESTERN
BOUNDARY OF THE QUARRY based on
recent findings and ground penetrating
radar survey

Golgotha N\

( SUCH A NORTH-SOUTH BOUNDARY \
CONFIGURATION BETTER JUSTIFIES
WHY HADRIAN BUILT THE TEMPLE

WITH ITS WESTERN SIDE RIGHT UP TO

THE HOLY TOMB
N\ J
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-/ Interdisciplinary Research Group for the Monuments Protection

UNDERGROUND INTERVENTIONS AT THE HOLY SEPULCHER ROTUNDA AREA

TO ASSURE SAFETY AND SUSTAINABILITY OF THE HOLY AEDICULE REHABILITATION

Geometric documentation of the cisterns and
the underground tunnels in the Church of the
Holy Sepulchre

Chief Scientific Supervisor: Prof. A. Moropoulou

Scientific Responsible: Prof. A. Georgopoulos
School of Rural and Surveying Engineering

Research Team: Assoc. Prof. E. Lambrou, Assoc. Prof. G. Pantazis, S. Tapinaki, Rural & Surveying Eng., Msc,
E. Tsilimantou, Rural & Surveying Eng, Msc

Greek Orthodox Jerusalem Patriarchate
Franciscan Order National Technical University of Athens
Armenian Jerusalem Patriarchate



Geometric
documentation
determined the depth of
each cistern

determined its positional
relation to the Holy
Aedicule in order to
assess its eventual impact
and documented in detail
the most important
cisterns

The position of the cisterns &underground tunnels on the
ground plan of the Holy Sepulchre Complex.

(&)

.
I 0 10m 20m 30m

The positions of the cisterns and underground tunnels
are presented on the ground plan
of the Holy Sepulchre Complex

€1) Geometric documentation (vertical section) of cistern C1

AEDICULE m=p

- Minimum distance from the
Cistern Depth (m) Situation center of the Holy Aedicule (m)

(] 243 without water 340
c2 730 | without water | 3245
c3 | - I - I 34.00
c4 I - | - I 2985
c5

[ 11.40 | water (0.90m) 23.07
c7 | 479 | without water | 38.38
c8. | 050 | without water | 21.38
c9 H 1.75 | without water | 18.76

Corbo’s excavation’ 1.00 - 2.65 without water 5.31

o Detailed documentation of underground cisterns

Section B’B looking east Orthophoto Horizontal Section at -1m

CORBO'S EXCAVATION 3

Horizontal Section at height 754.00m

Section A’A looking east

Section BB’ looking west

Depth, state and relative position of cisterns and
underground tunnels in relation to the Holy Aedicule
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ENSURIN
SUSTAINABILITY



In order for the Holy Aedicule to
achieve sustainable equilibrium with
its environment, monitoring is
mandatory

A five-year monitoring period is necessary in
order to monitor the environment and the
response of the monument

Monitoring will enable scientifically based
decision making and will give the directions for
the ensurance of sustainability



Scientific Coordinator:

~ Prof. A. Moropoulou

SN
NATIONAL TECHNICAL UNIVERSITY OF ATHENS
Interdisciplinary Research Group for the Monuments Protection

e

Interdisciplinary scientific support for the onsite monitoring
concerning critical performance parameters as well as the proper
management to assure safety and sustainable protection of the Holy
Aedicule of the Holy Sepulchre

= Hydrothermal Simulator of the Holy Aedicule

= Dynamic Monitoring

= Monitoring of verticality and movements of the Holy Aedicule

= Presentation of the InterdISCIpI/nary Documentation and Mon/tor/ng Laboratory (IMDL)

% Interdisciplinary Research Group:
Prof. E. Korres, School of Architectural Engineering,
Prof. A. Georgopoulos, School of Rural and Surveying Engineering NTUA, Laboratory of Photogrammetry
Prof. A. Moropoulou, Director of Studies in the NTUA Interdisciplinary Postgraduate Programme Direction
«Conservation of Building Materials», School of Chemical Engineering NTUA, Lab. Materials Science & Engineering
Prof. C. Spyrakos, , School of Civil Engineering NTUA, Laboratory for Earthquake Engineering

Assist. Prof. Ch. Mouzakis, , School of Civil Engineering NTUA, Laboratory for Earthquake Engineering

VAR LTRSS M E T o IR W T ey (e N




ACHIEVING THE PROJECT’S GOALS:

3. ENSURING SUSTAINABILITY

INSTALLATION OF VENTILATION AND DEHUMIDIFICATION SYSTEM

National Technical University of Athens, Prof. A. Moropoulou, M. Agapakis**, A. Fragkiadoulakis**
** Mechanical Engineer

EXISTING HOLE 1 D D R E

DEHUMIDIEIER

AIRDUCT (INOX 316L) EXISTING HOLE 2

PLENUM

DEHUMIDIFIED-
B FILTERED AIR

v ELECTRICAL BOARD
(PILLAR) /

g




ACHIEVING THE PROJECT’S GOALS:

3. ENSURING SUSTAINABILITY — MULTISENSORS

HYGROTHERMIC RESPONSE MONITORING

Sensors mbedded sensors: Wall

Air Temperature, Temperature, moisture
Relative Humidity content

INOUILOBING

LHEYTI LY

STRUCTURAL HEALTH MONITORING 3D PRECISE GEODETIC NETWORK




OVERALL SUSTAINABILITY OF THE
REHABILITATED HOLY AEDICULE
AN THE EN VIRONMEN T
OF THE CH URCH OF THE HOLY»‘SEPULCHRE




New pilgrims’ attitude is required
for the adoration of the Aedicule in order to sustain it

IRT: NTUA




RISK TO SUSTAINABILITY:
INTENSE RISING DAMP FROM THE UNDERGROUND

Immediately after the removal of the external stone slabs intense
rising damp phenomena were observed

The temperature
difference between
~ the lower and the

u‘upper part of the
masonry is
|suggested from the
thermograph (July
2016)

revealed

masonry
behind ,
panel N2

Prof. A. Moropoulou, Dr. E. Delegou, PhD €and. Emm. Alexakis

We undertook the investigation of these issues and the study of a proposal to reverse the
connected risks and ensure sustainability

Proposed interventions
= Foundation Interventions for the Underpinning, Reinforcement, Water and
Humidity Control of the Holy Aedicule

= Control of the rising damp and installation of proper sewage and water drainage system
= Pavement preservation and rehabilitation



] NATIONAL TECHNICAL UNIVERSITY OF ATHENS
-/ Interdisciplinary Research Group for the Monuments Protection

UNDERGROUND INTERVENTIONS AT THE HOLY SEPULCHER ROTUNDA AREA

TO ASSURE SAFETY AND SUSTAINABILITY OF THE HOLY AEDICULE REHABILITATION

Non-destructive prospection of the
underground structures and water and
humidity sources (canals, cisterns and voids)

Chief Scientific Supervisor: Prof. A. Moropoulou

Prof. A. Moropoulou, Dr. K. C. Lampropoulos*, PhD Cand. Em. Alexakis*, P. Sotiropoulos**
*School of Chemical Engineering, National Technical University of Athens, ** Terra Marine, Greece

In cooperation with Athens Water Supply and Sewerage Company (EYDAP S.A.):
A. Aggelopoulos, E. Karampelas and D. Tamvakeras

Greek Orthodox Jerusalem Patriarchate
Franciscan Order National Technical University of Athens
Armenian Jerusalem Patriarchate



SUSTAINABILITY AT RISK:
3D DIGITAL NDT PROSPECTION OF UNDERGROUNDS RISKS

B\ NATIONAL TECHNICAL

B
(:?_.‘,/‘ UNIVERSITY OF ATHENS

Ground penetrating radar,
Electrical Resistivity Survey,
Electromagnetic Probe
Systems, and Robotic
Cameras identified and
documented the nature and
state of all underground ‘
features related to water Potential

and humidity transport tunnel, canal or

phenomena below and void space
around the Holy Aedicule
and neighboring areas

The underground canal | -
that runs at the north g
east and east sides of ®

the Rotunda floor, is . §
active, full of water, &
and passes in front of

the Aedicule




N
NATIONAL TECHNICAL UNIVERSITY OF ATHENS
Interdisciplinary Research Group for the Monuments Protection

e

Underground interventions at the Holy Sepulcher Rotunda area to
assure safety and sustainability of the Holy Aedicule rehabilitation
" foundation Interventions for the Underpinning, Reinforcement,
Water and Humidity Control of the Holy Aedicule

= Control of the rising damp and installation of proper sewage and
water drainage system

= Pavement preservatlon and rehab/lltatlon

Scientific Coordinator:
~ Prof. A. Moropoulou

% Interdisciplinary Research Group:

Prof. A. Georgopoulos, School of Rural and Surveying Engineering NTUA, Laboratory of Photogrammetry
Assoc. Prof. M. Kavvadas, School of Civil Engineering NTUA, Department of Geotechnical Engineering
Em. Prof. P. Marinos, School of Civil Engineering NTUA, Department of Geotechnical Engineering £l
Prof. A. Moropoulou, Director of Studies in the NTUA Interdisciplinary Postgraduate Programme Direction ‘
«Conservation of Building Materials», School of Chemical Engineering NTUA, Lab. Materials Science & Engineering

M. Agapakis, Mechanical Engineer

VAR LTRSS M E T o IR W T ey (e N




INVERSING THE RISK TO SUSTAINABILITY:
DIGITAL DESIGN OF UNDERGROUND INTERVENTIONS IN THE ROTUNDA AREA

FOUNDATION PROBLEMS AND PROPOSED INTERVENTIONS

PROBLEM 1: FOUNDATION ON RUBBLE OF OLDER STRUCTURES AND/OR

QUARRY STONES, p g heterageneous found jith voids and NUMERICAL ANALYSIS OF
weak spots. This condition appears to occur at the north and part of the THE FOUNDATION AEDICULE

south sides of the ante mber.

Foundation settlement (m)
due to long-term reduction of

Aedicule wall the rubble stiffness

INTERVENTION: Grouting of the foundation, using ALEARIA-based grout,
with the objective to fill and/or consalidate voids in the rubble.

o DIFFERENTIAL
Foeas PROBLEM 2: FOUNDATION ON NATURAL ROCK (u i a thi f (E=50 I\::: b_l)e._,'s MPa) /f SETTLEMENT OF THE

Load transhir = b r), BUT VERY CLOSE TO A STEEP SLOPE. _ Natural rock i
" slope 2:1 appea occur at the sot ide he ante-c r (E =3 GPa) HOLY AEDICULE
fuh| 2 4 B g ;

INTERVENTION: A slope inclination 2:1 is considered as minimum for the 4
? stability of the foundation. If the slope of the natural rock is steeper than y
§ 2:1, the rubble between the rock and the red dashed line will be grouted o
or removed and replaced by ALBARIA-based mortar and/or stonework &
(using local Jerusalem red Slayeb limestone).

PROBLEM 3: FOUNDATION ON NATURAL ROCK VIA A THIN (20-30CM) NUMERICAL ANALYSIS OF THE EFFECTS OF LONG-TERM DETERIORATION OF THE
BEDDING LAYER OF LOW SILICATE MORTAR which has degraded, mainly RUBBLE

due to the long-term effects of moisture. {30% reduction of stiffness) on ground sett 2
and tilt of the aedicule walls.

Analysis with finite element computer program PLAXIS.

INTERVENTION: Removal of the degraded mortar (in short lengths of the
order of 25-30cm to avoid disruption of the foundation of the wall) and .
replacement with ALBARIA-based mortar

SETTLEMENT at left edge of footing : 0.5 mm, Settlement at right edge of footing :
*  Modelling stages : Initial (ground and church loads) & deterioration of rubble 0.3mm, Tilt : 6= (0.5 0.3) / 800mm = 2.5 x 10, Rotation of the top of the Aedicule
k under load (30% reduction of rubble stiffness) wall (H=10m) : Ay = H £ = 10000 x (2.5 x 10) = 2.5mm

PROBLEM 4: RISING WATER AND MOISTURE, as leakages from ¢
and water co through cracks of the natural towards ti

L

INTERVENTION: : Corbo's south excavation will be drained, ventilated and
the present reinforced concrete slab covering the excavation will be
replaced by a 15¢m thick Glass Fibre Reinforced concrete slab, supported
on the perimeter and on the Constantinian stylobate crossing the
excavation in the N-5 direction (via special bedding to prevent damage to

\ the stylobate). A glass op may be left, for antiquities inspection ) ' ' PLAN OF THE PERIPHERAL DRAINAGE AND VENTILATION GALLERY

PERIPHERAL DRAINAGE & VENTILATION GALLERY

( FOUNDATION INTERVENTIONS
FOR THE UNDERPINNING,
REINFORCEMENT, WATER AND

HUMIDITY conTRQ
L OF THE
AEDICULE HoLy

(1) GFR concrete

Case 5: Gallery excavated in 73 Concrte i ALARIA oo
rubble overlying the natural 3) Replacemantof morarfiling
rock. The rubble is partly

Grouted nbtle
excavated and removed, away

28, L =im drainage hokes. @ Tm
25, L =1m vantiation Roles @ im

hes

from the 1:1 stability line ) existing badding

L J




1. DRAINAGE & VENTILATION SYSTEM OF
UNDERGROUND PERIMETER CORRIDOR

protection of the foundation of the Holy Aedicule
| from the rising underground water.
N\

A drainage canal will be constructed for the

[—-

* Drainage system, which consists of an open canal
constructed at the bottom of perimeter corridor
close to the new Foundation.

* Drainage pipes placed at the perimeter of the new
foundation to drain the rising underground water
between the new foundation and the natural rock.

r

manholes with the

Prefabricated channel
above the perimeter
roinwater network
for the collection

| surface water

* Two parallel circular networks in the /
proximity of Piers’ foundation 4\ (’ Prefabricated

« Connection of the underground gallery’s

2. NEW PERIPHERAL PIPPING NETWORK
AT THE ROTUNDA’S AREA

| A new functional sewage and rainwater network will
be constructed within the perimeter of Rotunda to

| replace the complex existing network

} Channel

circular rainwater network b L %
| Vedidiy

1, Ly
- New sewage Section of the new perimeter roinwater and sewage network
network /

Inclinations for the best drainage of the surface water towards
the new perimeter rainwater network.

3. INSTALLATION OF NEW SEWAGE AND
RAIN WATER NETWORK

| Interventions for the
arrangement and
modernization of the All-
Holy Church’s sewage and
rainwater networks.

7

CONTROL OF THE RISING DAMP
AND INSTALLATION OF PROPER

SEWAGE AND WATER SYSTEM
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NATIONAL TECHNICAL UNIVERSITY OF ATHENS

Interdisciplinary Research Group for the Monuments Protection
4

Scientific Coordinator:
Prof. A. Moropoulou

Interdisciplinary Research Group:
. Prof. A. Georgopoulos, School of Rural and Surveying Engineering NTUA, Laboratory of Photogrammetry
Prof. A. Moropoulou, Director of Studies in the NTUA Interdisciplinary Postgraduate Programme Direction
«Conservation of Building Materials», School of Chemical Engineering NTUA, Lab. Materials Science & Engineering
D. Kyr|a2|s NTUA Scientific cooperator, A55|stant Professor University of Piraeus
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Multilayer Data Management — Platform Architecture

Content-Based Management through Semantic Data Integration

Multilayer Management of

Information — Big Data Integration
* Non destructive Testing
* Analytical Techniques
e Spatial

* Historic

* Time, etc.

Architecture of the Information System*

ANTACONIETIKOTHT/ = 20]4 _2020

ENIXEIPHMATIKOTHTA
KAINOTOMIA avintatn - cpyasia - akaleyyin

R -’
o EXNA
ETOK,

Me tn cuyxpnuatoddtnon tng EANGSag kal tng Eupwnaikig Evwaong

RESPECT:

An Exemplary Information System and Methodology for
the Integrated Management, Analysis and Dissemination
of Digital Cultural Heritage Data from the rehabilitation of
the Holy Aedicule of the Holy Sepulchre Project

Partnership Agreement 2014-2020, Operational
Programme "Competitiveness,Entrepreneurship
and Innovation” (MIS 5129424)

3DHOP - 3D Heritage Online Presenter

Visuaiization & Access

DATABASE )

*Com, er-XidedIn

..............

Clia st of Ve Hy Seputdre

JavaScript CUSTOMIZATION

| a“® |
S - n ~ ' Enhanced
K; % Functionalities

/
. 3

Data Entry / Access/ Visualize )

Personalized Representation of Big Data in Cultural Heritage, Emm.
Alexakis et. al., IMCIC2018, Orlando, Florida, USA



Holy Aedicule Rehabilitation Platform

DiEitaI
Infrastructure
Modular

Transdiscipline data gy Extendable
analyticsin 5D: = Ko Applicable
Spatial Transferable
Time
Content

Search data &
metadata

TYPES

Structura

Multi-layer &

Materials

Historical mUIti-phase

Geometric

Architecture i nfo rm at i O n

PHASES

1_Initial Phase

2_Dismantling and removal of the stone panels

ated and incompatible mortars from the revealed masonry

4_Repointing of the

5_Repair and partial reconstruction of part of the masonry

Single-click geo-referenced
data and files uploading
(interlinking with phases &

~layers)

14_Rehabilitation of the Onion Dome

15_Removal of Metal Frame

Walk-through navigation

Platform as the cornerstone for data management, knowledge
acquisition and information sharing

I

f the Anastasis by

2w steps away

fourth century.

place known as
d resurrected.
s Quo. a 250-year



The Holy Aedicule Integrated Information System Platform

In cooperation with Assist. Prof. Dimosthenis Kyriazis

=+ Add New Hotspot

T Real Goordinates(Obj X.Y.Z): & Humidity:
e y 79.82507517959594 Enter envirenment humidity. (%)

98.56473841644286 — Distance from target:

760 3225576497459 Enter your distance from target if necessery. (meters)

T Hotspot Title i Hotspot Information

Enter your holspel's tils Enter your hotspot's information. Max.:1000 charactars.
= Hotspot Phase: s
Nothing selected - k Hotspot File

EmiAoyi apyeiou | Aev emAEXBrKE KavEva apyEio.

B2 Data creation day

= Hotspot Type:

Nathing selected -
yyyy-mm-dd

[} Temperature:

Enter environment tempserature. (celsius scals)

T Spot Title i Spot Information

Metallic Frame First Column Removal

Tx: Iy: Tz @ Date of the data:
B 8360657575 97.05294051 7576569773 0000-00-00
[#) 1_Initial Phase = Spot Phase
= " EEData insert date:
¥l 2_Dismantling the Stone Panels-Revealing the Historic Phases Structural 11_Removal of the Metallic Frame
B - 2017-03-13 11:18:17
# 3_Repairs on the Internal Masonry | Saoismic = Spot Type
- Uploaded Flles
¥l 4_Ressting Columns o i Structural,Seismic,Architscture
- ¥ Materials Fils Name File  Fils Visw
# 5_Grouting Panels - Homegenization of Construction Phases and Rock Protection § Spot Temperature Type  Size(KB)
- W Hi -
¥/ 6_Titanium Reinforcement ¥ Historical 0.00 4030-First Metallic Column 0 Click to
. . Removal_CUT.mp4 view file
# 7_Reassemble Stone Pansls | Geometric T Spot Humidity

¥ 8_Rehabilitation of the Top Zone, Baluster and Terracs 0.00

- ¥ Architacture
¥/ 9_Rehabilitation of the Onion Dome

+ Target Distance
¥ 10_Conservention and Rehabilitation Inside the Holy Asdiculs
¥ 11_Removal of the Mstallic Frame

¥ 12_Final # Cliok To edit Fislds



This challenging project was implemented and completed with
Innovation, marking future trends in the protection of monuments,

as declared in Brussels 14.03.2017 by the representatives of the DG:
Research & Development, Education & Culture, ICT/Connect

@ﬂMM vi-mm.ey

The value of
Digital Cultural Heritage

A European policy & the key 1o our foture_*
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The Ceremony Marking the Completion of the

Conservation, Restoration and Rehabilitation of the

CEREMONY MARKING

THE COMPLETION OF THE

Aedicule of the Holy Sepulcher.

HOLY AEDICULE REHABILITATION PROJECT

PROGRAMME

March 22 2017

Holy Sepulcher Church
JERUSALEM

9:00 a.m. Arrival and seating of clergymen

and guests at the Holy Sepulcher Church
before ceremony commences

9:45 a.m. Church Heads meet at top of Holy
Sepulcher courtyard, descend,
and enter into the Church together

10:00 a.m. Ceremony commences

Choir: Hymns by the respective choirs of the Greek
Orthodox, Franciscan, and Armenian Communities

o Address of His Beatitude Greek Orthodox
Patriarch Theophilos

Choir: Hymn by the Greek Orthodox Choir

e Address of the Custos of the Holy Land
Fr. Francesco Patton

Choir: Hymn by the Franciscan Choir

e Address of His Beatitude the Armenian
Patriarch Archbishop Nourhan Manougian
Choir: Hymn by the Armenian Choir

o Address of His Excellency the Latin Apostolic
Administrator Archbishop Pierbattista Pizzaballa

HOLY AEDICULE

MARCH 22NP 2017

e Address of His All Holiness the Ecumenical
Patriarch Bartholomeos

© Message of His Eminence Cardinal Leonardo
Sandri, Prefect of the Congregation for the
Oriental Churches

® Message of His Holiness Garegin II Catholicos
of all Armenians

“The Lord’s Prayer” led by the Heads of the Churches

in their respective languages
(the faithful may join)

Conclusion of the Ceremony

The Church Heads, followed by clergymen and invitees proceed to the

Greek Orthodox Patriarchate for the final presentation of the
completed works
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After Rehabilitation Interventions
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Before Rehabilitation Interventions

South Side
View
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The Holy Aedicule has been rehabilitated and ensured
Research continues

* Concerning historical materials in relation to technology,
provenance, archaeometry, archaeogenomics, etc

* The development of all data on the platform in 5 dimensions
with layers of scientific information

- Representation of the historical phases of the monument
according to the data

Sustainability has to be ensured
* Monitoring

 Underground works

Dissemination
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Communication strategy of the project

The National Geographic Society and the Media were present and disseminated to the rest of
the world critical, stages of the project, in conjunction with the Steering Committee Meetings:

- July 2016 Dismantling and removal of the stone panels

- October 2016 Lifting of the stone of the Tomb

- December 2016 Resetting of columns, homogenization of structural layers and consolidation
of the Holy Rock by the injection of compatible grouts

- February 2017 Removal of iron frame

- March 2017 Completion of the restoration of the Holy Aedicule

L



Strategic cooperation of the National Technical University of Athens,
the three Christian Communities and the National Geographic Society
on the news for the opening of the Tomb of Christ
and on to the Tomb of Christ Exhibition

Fredrik Hiebert, National Geographic Archaeologist-in-Residence
Kristin Romey, staff writer covering archaeology and paleontology for National Geographic

Exclusive: Christ's Burial Place Exposed for First Time in Centuries

by Kristin Romey, published October 26, 2016
https://news.nationalgeographic.com/2016/10/jesus-tomb-opened-church-holy-sepulchre/

Unsealing of Christ's Reputed Tomb Turns Up New Revelations

by Kristin Romey, published October 31, 2016
https://news.nationalgeographic.com/2016/10/jesus-christ-tomb-burial-church-holy-sepulchre/

, Fredrik Hiebert,
- " National Geographic
' Archaeologist-in-
Residence




DIGITAL EXPERIENCE EXHIBITION

The digital solutions and multi layer data innovations in the rehabilitation of the
Holy Aedicule are presented in emblematic museums all over Europe and the
World towards creating a modern, open and pluralistic society building on
Europe's cultural diversity, creativity and respect of creators' rights and its
values, in particular democracy, religions & values diversifications, freedom of
expression and tolerance

Canada

NATIONAL GEOGRAPHIC MUSEUM
Washington, DC, USA ¢
November 15, 2017 - August 15, 2018
¥ S s & ol

Athens, GREECE ,
May 21, 2018 - January, 2019
LiDya)

TomB oF CHRIST

The Church of the Holy Sepulchre Experience



O MANATIOYX TA®OX

—TO0 MNHMEIO KAI TO EPFo —
TEXNOAOTIAZL

WHOIAKH EKOEIH MPOHITMENHE

Y0 THN AIFIA THE A €. TOY 1POEAPOY THE AHMOKPATIAT KYPIOY NIPOKONIOY NAYAGOYAOY

EONIKOY METIOBIOY NOAYTEXNEIOY

EELYNEPTAZIA T0Y YITOYPTEIOY NIOAITIEMOY KATABAHTIEMOY ME T0 EGNIKO METEOBIO
NIGAYTEXNEIO KAITO YTIOYPIEID UHOIAKHE NOATIKHE, THAETIKOINGNION KAI ENHMEPGE




O ITANATIOX TA®OX

~TO0O MNHMEIO KAI TO EPIFo -

YHOIAKH EXOEIH NPOHIMENHI TEXNOAOTIAX
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ZEXYNEDTA LI TOV YNOVPTEIOY NOAMTE NOY KAI AGAHTENOY NE TO EBNIKO RETZOBI
MOAYTEXNE0 KAITO YTITFPTE HOW KHE NOWITIKHE, THAENMOINDHIN X Al ENHUED (24
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1st International Conference on

Transdisciplinary Multispectral
Modelling and Cooperation
for the Preservation of Cultural Heritage

Under the Auspices of the Presidency of the Hellenic Republic
with the support of the Hellenic Parliament

Kaivotopog, Aieniatnyovikn, Wnoiakrn |
Aiatripnon TnG MoAmoTikig KAnpovopiag

Organized by the National Technical University of Athens and the Technical
Chamber of Greece in cooperation with the Ministry of Culture and Sports
and the Ministry of Digital Policy, Telecommunications and Media of
Greece, the National Geographic Society, ECTP and other Greek and
International major organizations and networks in the field of cultural preservation.
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ITS HISTORY IS UNDER THE STUDY
OF THE SCHOLARS OF THE WORLD

!

-:"’ri 1”*! .? '1" T : ~ WLW\}, i '
. THE.TOMB OF CHRIST IS AN ALIVE MONUMENT ;\

THAT TALKS TO ALL HUMANITY ‘

INNOVATION ONLY AMPLIFIES ITS VOICE



TRANSDISCIPLINARITY: BRIDGING ENGINEERING
WITH HISTORY, ARCHAEOLOGY AND THEOLOGY

per MMAGINARE
IL FUTURO
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sabato 6 maggio 2017

VENERDI 5 MAGGIO | MATTINA

Ore 10.30-12.30 | Lectio Magistralis | I restauri della tomba di Cristo
Proressoressa ANToNIA MoropouLou, Universita tecnica nazionale di Atene
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(https://www.tmm-ch.com/

The Conference is organized under the patronage of H.E. the President of the Hellenic Republic, Ms
Katerina Sakellaropoulou, by the National Technical University of Athens in cooperation with the
Technical Chamber of Greece and the organization AHEPA Hellas. Distinguished scientists and
representatives of the National Geographic Society, the Cultural Heritage Finance Alliance, the
International Council of Monuments and Sites ICOMOS, the Organization of World Heritage Cities
OWHC, the European Society for Engineering Education SEFI, the European Construction
Technology Platform ECTP, the International Federation of Surveyors FIG, the International
Committee CIPA Heritage Documentation, the World Monuments Fund and other major
International and European Organizations, Associations, networks Universities and Research
Centers, participate in the International Steering and Scientific Committees.

A%
@)  TEE

National Technical Technical Chamber of Greece
Unwersity of Athens.
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2nd International Con

Transdisciplinary Multispectral Modelling and Cooperation
for the Preservation of Cultural Heritage

Recapturing the World in Crisis through Culture

13-15 December 2021 Eugenides Foundation Athens, Greece
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(4’; ?i' NATIONAL TECHNICAL INTERDISCIPLINARY TEAM
%v UNIVERSITY OF ATHENS FOR THE PROTECTION OF MONUMENTS

Members of the National Technical University of Athens Interdisciplinary Team for the
“Protection of Monuments” contributing to the Project:

Chief Scientific Responsible: Prof. A. Moropoulou

Scientific Responsibles of the Interdisciplinary Team: Prof. A. Moropoulou, Prof. Emm. Korres, Prof. A.
Georgopoulos, Prof. C. Spyrakos, Asst. Prof. Ch. Mouzakis

NTUA School of Civil Engineering: Prof. C. Spyrakos, Asst. Prof. Ch. Mouzakis, Prof. Emeritus P. Marinos,
Assoc. Prof. M. Kavvadas, EDIP S. Asimakopoulos, EDIP L. Karapitta, Dr. Ch. Maniatakis, PhD Can. L.
Panoutsopoulou

NTUA School of Architecture: Prof. Emeritus Emm. Korres, V. Chasapis Arch

NTUA School of Chemical Engineering: Prof. A. Moropoulou, Prof. Emeritus G. Batis, Asst. Prof. A. Bakolas,
EDIP E. T. Delegou, EDIP M. Karoglou, EDIP K. C. Lampropoulos, EDIP P. Moundoulast, PhD. Cand. Emm.
Alexakis, PhD. Cand. M. Apostolopoulou, PhD Cand. I. Ntoutsi, PhD Cand. E. Tsilimantou, Dr. A.
Zacharopoulou, N. Galanaki, M. Kalofonou. Secretarial and administrative support A. C. Lampropoulou.
Finance and administrative support G. Skoulaki. Technical support, I. Mountrichas.

School of Rural and Surveying Engineering: Prof. A. Georgopoulos, Prof. Ch. loannidis, Assoc. Prof. E.
Lambrou, Assoc. Prof. G. Pantazis, Asst Prof. A. Doulamis, ETEP S. Soile, ETEP S. Tapeinaki, ETEP R.
Chliverou, Phd. Cand. P. Agrafiotis, PhD Cand. E. Stathopoulou, L. Kotoula, F. Bourexis, A. Papadaki, N
Tsonakas, P. Nikolakakou, M. Skamantzari



UNIVERSITY OF ATHENS FOR THE PROTECTION OF MONUMENTS

f’(&%\i NATIONAL TECHNICAL INTERDISCIPLINARY TEAM

The Interdisciplinary NTUA team has cooperated with other Schools, Laboratories and scientific
collaborators: Prof. S. Kourkoulis and PhD. Cand. E. Passiou from NTUA School of Applied Mathematics and
Physical Science, Sector of Mechanics, Mech. Eng. M. Agapakis, A. Fragkiadoulakis, S. Theocharis and

Chem. Eng. I. Agapakis

NTUA Inter-Departmental Postgraduate Program “Protection of monuments, sites and complexes’,
Direction Conservation Interventions: Techniques and Materials graduate students D. Giannakopoulos, A.
Zargli, A. Kolaiti, E. Koukouras, M. Kroustallaki have conducted Master Theses interconnected to the project

The Interdisciplinary NTUA team has cooperated with: University of Piraeus, University of Peloponnese,
Agricultural University of Athens, Institute of Geology & Mineral Exploration (I.G.M.E.), Athens Water
Supply and Sewerage Company (EYDAP S.A.)

o Specifically, with Assist. Prof. D. Kyriazis (Electrical Engineer) from the University of Piraeus, Assoc. Prof.
N. Zacharias from the University of Peloponnese, EDIP A. Tsagkarakis from the Agricultural University
of Athens, G. Economou, G. Papatrechas from the Institute of Geology & Mineral Exploration (I.G.M.E.)
and A. Aggelopoulos, E. Karampelas and D. Tamvakeras from EYDAP S.A.
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j UNIVERSITY OF ATHENS FOR THE PROTECTION OF MONUMENTS

Project Manager: N. Moropoulos, Civil Engineer — Informatics

Construction Site Manager: Dr. Th. Mitropoulos, Architect of the Common Technical Bureau
Deputy Construction Site Manager: Asst. Prof. Ch. Mouzakis

Assistant Deputy Construction Site Manager and Head of the Restrorers: V. Zafeiris, Civil Engineer

Restorers and Masons Team: |. Andritsopoulos, C. Theodorakis, A. Karydis, P. Chaloftis, G. Anastasiadis,
Senior Marble Mason, G. Palamaris, Marble Mason

Conservators Team: Th. Mavridis, MSc Conservator, Employee of the Greek Ministry of Culture, M.
Troullinos, Conservator, K. Karathanou, MSc Archaeologist — Conservator, Employee of the Greek Ministry
of Culture, Am. Troullinou, Conservator, Ar. Troullinou, Conservator



A NATIONAL TECHNICAL INTERDISCIPLINARY TEAM

& \—9 UNIVERSITY OF ATHENS FOR THE PROTECTION OF MONUMENTS

Special acknowledgments are attributed to:

The Project Owners Committee: His Beatitude the Greek-Orthodox Patriarch of Jerusalem, Theophilos Il
His Paternity the Custos of the Holy Land, Archbishop Pierbattista Pizzaballa (until May 2016 — now the
Apostolic Administrator of the Latin Patriarchate of Jerusalem), Fr. Francesco Patton (from June 2016), and
His Beatitude the Armenian Patriarch of Jerusalem, Nourhan Manougian

The Holy Sepulchre Common Technical Bureau: Th. Mitropoulos, Architect, O. Hamdan, Architect, C.
Benelli, Architect, I. Badalian, Architect

Companies providing instruments, services and materials: TerraMarine, JGC Geoinformation Systems S.S.,
NETZSCH-Gerdtebau GmbH, GEOSYSCO GEONIFORMATION SYSTEMS Ltd, SINTECNO Hellas ABETE,
Dalkafouki Oikos Ltd, BOOKA CHEMICALS HELLAS I.K.E., EVOCHEM S.A., KRYSTALLOTEXNIKI

Scientists cooperating on archaeological issues: His Eminence Archbishop Aristarchos, Elder Secretary-
General of the Greek-Orthodox Patriarchate of Jerusalem, Franciscan Father E. Alliata, of the Custody of
the Holy Land, Archaeologists and Professor at the Studium Biblicum Franciscanum in Jerusalem and
member of the Common Technical Bureau, Dr. G. Avni, Head of the Archaeological Division in the Israel
Antiquities Authority, Dr. Y. Baruch, IAA Directorate, Head of the Jerusalem Division, Dr. J. Seligman,
Archaeologist, Director of the Excavations, Surveys and Research Department of the Israel Antiquities
Authority, Michael Turner, Prof. Arch. Bezalel Academy of Arts and Design in Jerusalem, Fr. Hiebert and K.
Romey, Archeologists, National Geographic Society

In the post-project period, acknowledgements are attributed to Dr. A. Kioussi, Archaeologist, C. Farmakidi,
Archaeologist and Professor B. Smith, Lincoln Professor of Classical Archaeology and Art, Oxford University
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