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ne : étude lexicographique du vocable 
khetem, (unpublished Phd dissertation, 
Paris IV University, under the direction 
of D. Valbelle, 2010, forthcoming in the 
Ifao series. 

3 �On the side of Thutmosis II, the figures 
and the hieroglyphs of are all in rai-
sed relief, except for a few signs in the 
middle of the inscription, which are in 
sunken relief. These signs, which give 
the name of “Montu, lord of Thebes”, 
were most probably originally in raised 
relief too, but were erased during the 
iconoclastic phase of the Amarnian pe-
riod (1353-1334 BC), and then restored, 
necessarily in sunken relief, probably in 
the time of Ramesses II, when the king 
commissioned a new ornamentation of 
the temple. Cf. Abdel Maksoud M. and 
Valbelle D. 2011 (cf. supra).

4 �Our thanks go to Gharib Sonbol, who 
directed the team of restoration on the 
site during the excavation, and who 
kindly provided us information about 
the context of discovery and the state of 
preservation of the block in 2009, and 
allowed us to use the photos taken du-
ring the mission, in this article. Thanks 
are also due to Bianca Madden, for her 
coments and kind revision of English 
writing.

5 �Nord A.G., “Effloresecence salts on we-
athered building stone in Sweden”, in 
Geologiska foreningens I stockholm 
forhandlingar 114/4 (1992), p. 223-229: 
“The solubility of calcium sulphate salt 
is (2,4g/l at 20°C and PH7) is more than 
200 times greater than that of calcite, 
but the solubility of sulfates is much 
less than that of chlorides.” 

6 �For similar cases and valuable sour-
ces of inspiration for salt treatment, 
see: Mirabootalebi R., “Conservation 
of A Highly Degraded Egyptian Limes-
tone Stele”, e-conservation Journal 3 

(2015), available online 06 November 
2015 (http://www.e-conservation.org/
issue-3/52-Egyptian-Limestone-Stele); 
Doehne E., “Salt Weathering: A Selective 
Review”, Geological Society Special Pub-
lication. Natural Stone, Weathering Phe-
nomena, Conservation Strategies and 
Case Studies 205 (2002), p. 51-64.

E. Mertah et al.

Abstract 

The paper presents a technique for 
handling and transportation of stone 
sculptures damaged by salt crystalliz-
ation. A limestone sculpture from the 
Cathedral of St. Lawrence in Trogir was 
studied and pre-consolidated with cy-
clododecane. First, test were performed 
in the lab. On 5 glass slides were applied 
powder of the Seget stone and then con-
solidated with 50% solution of CCD in 
Shellsol T, 50% solution of CCD in white 
spirit, 50% solution of CCD in toluene, 
with holt melted CCD and hot melted 
CCD with cotton gauze. After the tests 
were performed, a technique of pre-con-
solidation with melted cyclododecane 
and facing tissue was used in situ on the 
sculpture. Practical uses of the technique 
were considered in the paper. 

Keywords: cyclododecane, stone, pre-con-
solidation, salts.

1. Introduction

The Cathedral of St. Lawrence in Trogir 
(Croatia) is a Roman Catholic triple-na-
ve basilica constructed in the Romanes-
que-Gothic style. Trogir Cathedral was 
constructed over a period of four cen-
turies (1200-1598), and it illustrates all 
the successions of styles in that time in 
Dalmatia. It is one of the most important 
monuments in Croatia, and was decla-
red a World Heritage Site by UNESCO in 
1987. The integral part of the cathedral 
is the richly decorated Renaissance Cha-

pel of St. John (The Chapel of the Blessed 
Giovanni Orsini), created by the masters 
Nikola Firentinac and Ivan Duknović in 
the period from 1461 to 1497. The cha-
pel was restored and cleaned in between 
2000 and 2002 as part of the American 
foundation project - Venetian Heritage.
The Croatian Conservation Institute star-
ted the monitoring and preliminary in-
vestigations of the chapel in 2016 becau-
se some adverse changes were obsereved 
on the surface of sculptures and stone 
interior. In a few locations, it was pos-
sible to notice high levels of powdering, 
sanding and sugaring of the stone, which 
was caused by salt crystallization. 
The Annunciation group (sculptures of 
the Angel and the Virgin) positioned on 
the triumphal arch of the chapel was in 
a terrible state. The bases and lower back 
zones of both sculptures were extremely 
damaged, and were in unstable condi-
tions with a high loss of the substrate. 
First analyses of samples from the back-
ground zones of both sculptures showed 
presence of the following salts: chlorides 
and nitrates, in concentrations ranging 
from 0,13-0,17%. Both sculptures were 
made of local limestone (called Seget).

2. Methods and materials 

The presence of water soluble salts in the 
samples was determined by chemical 
analyses and UV/VIS spectroscopy with 
a Perkin Elmer Lambda 25 instrument. 
Compositional salt analysis was per-
formed using X-ray diffraction method 
with a Philips Vertical X-ray Goniometer 
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(X-Pert type). Water content measure-
ment of the stone showed that the water 
coefficient values were within the refe-
rence values for the same type of stone 
collected from the Seget quarry. 
Considering the extremely damaged sta-
te of the sculptures and their original 
position (5m above the floor level), we 
decided to dismantle them and carry out 
the conservation work of desalination in 
the workshop.
Before the dismantling and transportati-
on of the sculptures it was necessary to 
pre-consolidate the most unstable pow-
dery areas of the sculptures. Cyclodo-
decane was chosen as consolidant. 
Cyclododecane (abbreviated CDD) is 
a waxy 12-carbon cyclic hydrocarbon 
(C12H24) that sublimes from a solid to 
gas at room temperature.1 This has made 
it an appropriate material in conservati-
on as a temporary consolidant, adhesive 
or barrier layer during the last few deca-
des.2 When the object is highly damaged 
and contaminated with soluble salts, and 
when it needs to be transported, CDD is 
an appropriate solution. One of the main 
reasons is that harmful soluble salts are 
not locked in the material. Some success-
ful cases have already been reported in 
literature.3

CDD can be applied as a melt or as a so-
lution [Burton, 2009]. In order to choose 
an appropriate technique and method of 
application, some test were performed in 
the laboratory prior using it on the sculp-
tures of Trogir. On glass slides we applied 
powder of the Seget stone, and then we 
applied 50% solution of CDD in Shellsol 
T (glass slide 1, Fig. 1), a 50 % solution of 
CDD in white spirit (glass slide 2, Fig. 1), 
a 50 % solution of CDD in toluene (glass 
slide 3, Fig. 1), hot melted CDD (glass slide 
4, Fig. 1) and hot melted CDD with cotton 
gauze (glass slide 5, Fig. 1). 
After a visual observation, it was possib-
le to conclude that the hot melted CDD 
in both cases formed a dense film, and 
the stone powder was consolidated and 
packed (the particles of powder are in-
terconnected). When CDD was dissolved 
in solvent, the layer was less dense and 
the powder was less consolidated and pa-
cked.
After a fingernail scratching test (after 
24 hours) it was possible to conclude 
that the powder treated with hot melted 
CDD (in both cases, glass slide 4-5 with 
hot melted CCD and hot melted CCD with 
gauze, Fig. 2) was stable and still packed. 
Powder treated with CDD dissolved in the 
solution (glass slide 1-3, Fig. 2) after the 

Figure 1: Glass slides with Seget powder and different types of application of CDD (from left to right: 50% solution of 
CDD in Shellsol T; 50 % solution of CDD in white spirit; 50 % solution of CDD in toluene; hot melted CDD; hot melted 
CDD with cotton gauze)
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test was unstable, and the consolidation 
effect was less effective. 
After the preliminary laboratory tests, 
the technique of pre-consolidation with 
melted CDD and facing tissue was used in 
situ. CDD was reactivated with heat and 
applied on the surface of the sculpture of 
the Angel using a brush. Simultaneously, 
on the surface we applied two layers of 
cotton gauze. After the pre-consolidati-
on, the sculpture was wrapped in foil and 
lowered to the ground using a crane. The 
facing tissue did not detach in 10 days in 
the lab environment (approximately 20˚C 
with moderate airflow). CDD was reacti-
vated with a heating gun and removed.

3. Results

Laboratory and field tests of pre-consoli-
dation, handling and transportation of 
stone sculptures damaged by salt crys-
tallization showed good results when the 
technique with hot melted cyclododeca-
ne and facing tissue was used. The sculp-
ture of the Angel from Trogir Cathedral 
was successfully transported to the work-
shop using the aforementioned method. 
A minimum of unstable material was 

lost. Other negative changes were not re-
corded on the surface of the stone.

4. Disscusion

Only practical uses of the technique were 
considered in the paper. The investiga-
tions were limited because of technical 
and financial issues. Future analytical 
research should provide answers to the 
following questions:

- �depth of the penetration of CCD on the 
Seget stone,

- sublimation rates,
- �negative aspects in the presence of 

harmful soluble salts.

5. Conclusion

Cyclododecan (CDD) has been used in-
creasingly as a temporary consolidant 
for a variety of weak or fragile mate-
rials. This contribution focuses on the 
practical use of cyclododecane as a tem-
porary consolidant in cases of handling 
and transportation of stone sculptures 
damaged by salt crystallization. Melted 

Figure 2: Glass slides with Seget powder and different types of application of CDD after fingernail scratching test (from 
left to right: 50% solution of CDD in Shellsol T; 50 % solution of CDD in white spirit; 50 % solution of CDD in toluene; hot 
melted CDD; hot melted CDD with cotton gauze)
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CDD, melted CCD with facing tissue and 
saturated solutions of consolidant in 
white spirit, shelsoll T and toluene were 
applied on glass slides with stone pow-
der. By visual observation and using a 
fingernail scratching test, it was possible 
to conclude that the best effect of conso-
lidation was obtained during the applica-
tion of hot melt CDD. After the lab tests, 
the technique of pre-consolidation with 
melted cyclododecane and facing tissue 
was used in situ. The extremely damaged 
sculpture of the Angel from Trogir Cathe-
dral was consolidated with melted CDD 
and cotton gauze. After the consolidati-
on, it was transported to the workshop 
of the Croatian Conservation Institute. 
During the intervention, a minimum of 
unstable material was lost.
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Abstract 

The case study of the St. Johannis 
church in Werben (Saxony-Anhalt) is one 
of those instances where conservators 
and restorers working in the field of buil-
ding heritage have to find sustainable 
solutions for a cultural heritage site af-
fected by high humidity levels and salt 
content for centuries. In the church of 
Werben, the ground floor of the steeple 
houses a remarkable collection of pre-
dominantly polychrome epitaphs from 
the 16th – 18th centuries. These epitaphs 
reflect in an unique way the story of im-
portant citizens of Werben and provide 
an extensive overview of the design and 
techniques used in the manufacturing 
of such monuments through various 
epochs. During an inventory of the epi-
taphs, several damages were attributed 
to salts and the high moisture content in 
the ground floor of the steeple. Salt ana-
lyses, climate measurements and calcu-
lations with the computer model ECOS/
RUNSALT were used to understand the 
damage processes of the epitaphs. The 
results provide the basis for applying 
appropriate conservation methods and 
materials pertaining to the room and the 
polychromic epitaphs. As a case study 
one epitaph was removed and preserved 
in the workshop of the conservation and 
restoration department in Potsdam. 

Keywords: Werben, polychromic epitaph, 
salt damage, climate, ECOS/RUNSALT, 
conservation concept

1. Introduction

Werben is located in the northern 
part of Saxony-Anhalt at the river Elbe 
in the administrative district of Stendal 
between Magdeburg and Wittenberge. 
Because of the proximity to the river, the 
town was and is continuously threatened 
by floods, especially in the past when no 
adequate flood prevention was in place.

St. Johannis church was built with 
bricks in the 15th century but includes ol-
der parts from the Romanesque period 1. 
The church consists of a three axial nave 
with the choir in the East and a huge 
steeple in the West (Fig. 1). In this pa-
per, we focus on the ground floor of the 
steeple in the western part of the church 
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Figure 1: St. Johannis church in Werben, southwestern 
part with steeple
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