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Vardzia rock cut city (IX-XIl sec.)

UNESCO Tentative list since 2007 whc.unesco.org/en/tentativelists/5236



Conservation problems

Moisture causes weathering and degradation of the tuff slope, reducing
wall strength, causing the widening of the joints and loosening of the

rock mass

Moisture is therefore recognized as one of the most important factors
contributing both to the degradation and instability processes acting in
the site of Vardzia



Infrared Thermographic surveys (July 2017)

28
27 f---mme-
26

25

24 |-

23

22 f-----e-
21

1 1 1 ' 1 1 1 | 1

gt Rt Gl oy ke il 2
' | | ' | ' N
| | | ' '

' ' ' ' | '

| | ' | '

1 | ' ' 1 '

1 ' ' 1 '

1 1 ' ' | '

| | ' ' | '

1 | ' ' 1 ' (=]
[ Y . Lo

1 | 1 | ' 10‘
1 | ' ' '

1 I I 1 '

' \ ' | '

1 ' ' ' '

| | ' | '

| | | | '

1 ' ' 1 '

| 1 ' 1 '

1 | 1 1 ' o
hanband - - w
1 | | | -
| | ' | '

' | | | '

' ' ' | ' Fa
1 I | 1 ' on

Mmoo i " =

oam . g | 1 '

-l ' ' ' o m
' | ' ' S &
i ik | ) fm]
| | ' ' -
1 1 l '

1 | ' '
| | | '
1 | ' '
1 | ' '
| | '
1 | '
1 ' ' '
1 1 |
I 4 -+ Q
1 | '
1 | 1
1 | '
' ' '
| | 1
| | '
1 ' '
| | |
' | |
- ©
n ~N 1n W n n < un
-I. ™~ ro. o~ . E 4. o~ n 8
(o)L
(=]
||||||||||||||||||||||||||| =r ©
' ' ' ' 1 1 wn
' ' 1 ' 1 |
1 ' | 1 1
' ' ' |
1 ' 1 | 1 |
' ' ' _ | |
' 1 — |
' ' | | 1
' ' ' 1 Il
' | |
' ' ' 1 | (=4
[ ettt hadechoonh S T B
' ' — | | m
' ' |
1 ' | |
' ' ' ' |
] ' 1 | |
' ' — 1
' ' ' ' |
' ' | ' = |
' ' ' ' |
' ' | ' |
S Rt SR SR, SEEE S
' ' ' ' |
' ' ' 1 |
' ' ' ' | |
] ' 1 ' ' 1 ~%
' ' ' ' | c
' ' ' ' 1 |

N ' 1 | | —

-y ' ' ' | | [

-l ' [ 1 1 1 b~
[ [} [} ' 1 ] [~ R
rrccdeccctadachoccdeaanhe o O
] ' | 1 I | ~
' ' ' ' ' 1
' ' | ' | |
' ' ' | |
' ' ' |
) ' I 1 I
' ' ' r—— |
' ' ' |
' ' — |
' ' [ ' [ |
' ' | | o
[padataly el lades, T — cma=y o
] I - fl 1 -
] ' — ' I
' ' | [— |
] ma— |
' ' ' ' = |
L] ' -

' ' ' 1 =

' ' | ' |

1 ' 1 ~ |

' ' 1 ' =

L 4 L '

I T T T T T o
0 ~ o wn < m o~
™~ o~ o~ o~ ~N o~ ™~

(2) 1L

' ' ' o

L L L ' | ' ]

R e ™ TIL S o=t 1

1 1

| 1

1 1

| |

1 1

| ! (=

Le [e Pyt IS

| 1 w

1 1

| 1

| 1

1 1

| 1

v 3 =

| ] E

| |

| ]

1 1

| |

| 1

1 1 m

- P 8

1 1 ~N

| 1 —

| ' °

| | o

= L e

-~ - 4---4 1 X
| ! &
| 1
| |
| 1
M. .
| 1 -
1l 1
1 1
' 1
1 1
| |
L ]
|
1
1
|
|
|
1
I
I




P T

-

400 450 500

oy tesatbernd Adeetatad pecmetery
'
'
e e e g e e Ty
'
'
e
1
350

r-~Layer2 -1
250 300

P

100 150 200

!

""'f""?""'T""'r""
"Lay'erl"

et taiey emiacaany brcastuiey dekraiomd dedabsint

50

17
10
9
8

T

)
>
v
>
S
S
)
T
o
©
i
=
~N
S
3,
O
-
3
>
O
Z

e e e

S S SR PR S

-

- -

17
10
9




DP 3D surface

on UAV
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Data fusion




IRT contribution for sustainable
mitigation measures

- Rock anchor in walls (bolts and passive bars) Shallow or deep rock anchors (bolts/passive bars) - Gabion walls/filtering dams (using local boulders)

Nets, ropes and shallow bolts == == = Surface water collection (drainage system) Retaining wall-runnel system

(a) Contribution to the General Master Plan of the proposed mitigation measures for the whole Vardzia Monastery: system of surface water
collection and runnel-retaining walls built along the monastery slope rock wall upper sector, sectors characterized by instability on the rock cliff

with related anchor type,



Concluding remarks

* |IRT can lead to the detection of potentially hazardous features in
rupestrian TCH sites (discontinuities and open fractures, scarps,
seepage and moisture zones, drainage network, potentially unstable
ledge-niche systems)

* |IRT is a versatile technique for 2D and 3D slope mapping techique to
be used for quick surveying and analysis in the context of TCH
conservation strategy

* IRT alone is insufficient for a complete slope characterization, but it
can be used as an easy-low cost complementary technique in
combination with Digital Photogrammetry (DP) or TLS for TCH mapping
and monitoring activities

A skilled thermal camera operator is strongly recommended for
correct image acquisition, elaboration and interpretation
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