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1  Introduction 
 
The project “Weathering and 
Conservation of Soapstone and 
Greenschist Used at Nidaros 
Cathedral Norway” was for two 
years (1999-2000) part of a larger 
EU-Raphael project carried out by 
the Restoration Workshop of 
Nidaros Cathedral. The project 
included petrophysical investi-
gations in order to better understand 
the weathering of soapstone/-
greenschist as well as conservation 
experimentation in the lab and in 
the field. The conservation products 
tested were mainly based on various 
kinds of ethyl silicate, silica sol and 
factory-made dispersed lime mortar. 
All results from the project have 
been collected on a CD-ROM 
(fig. to the right, see also 
Storemyr et. al. 2001). 

All previous work in the project has been documented on a CD-ROM 
(can be obtained from the Restoration Workshop of Nidaros Cathedral) 

 
From the beginning of the project it was clear that it had to be continued also after the period in which 
it received EC-funding. Thus, in 2001 and also partly in the spring of 2002 the conservation test fields 
established at the Cathedral in July 2000 were controlled. Moreover, it was decided to establish more 
fields in which high-speed mixed lime mortars were to be tested for fixing larger scales and flakes and 
for filling in cracks. Lime mortars mixed at high speed were selected because of promising results 
achived in another EC-Raphael project carried out by the Restoration Workshop (“Conservation of 
Mural Paintings in the Regalia Room, Archbishop’s Palace”, see Franz & Storemyr 2000, 2001) 
This report describes the test field monitoring, various experiments with high-speed mixed lime 
mortars (in order to optimise their performance), as well as the establishment of additional test fields 
at the cathedral in June 2001. 
 
The EC-project was carried out as a co-operation between the Restoration Workshop, Institut für 
Denkmalpflege ETH Zurich and Fachlabor für Konservierungsfragen in der Denkmalpflege (Munich), 
whereas the work in 2001 took place as a co-operation between the Restoration Workshop and Atelier 
Andreas Franz, Küsnacht, Switzerland. Since the project leader changed position in 2001, the Expert-
Center für Denkmalpflege was asked to prepare the report for the 2001 work. 
 

Another part of the 2001 work included analyses of a medieval “conservation” product (a marble-
“paste”) found at the cathedral choir (Storemyr et. al. 2001). This task was undertaken by Tureida, 
Finland (Thorborg von Konow) and will be reported separately. 
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2  Control of Conservation Test Fields 
 

2.1  LOCATION OF THE TEST FIELDS 
 

The July 2001 conservation test fields/areas were established by Fachlabor für Konservierungsfragen 
in der Denkmalpflege (Munich) together with the Restoration Workshop. The fields that were con-
trolled at the end of August 2001 and in March 2002 included those in which various conservation 
products were applied (1A, 6, 7, 8, 9 and 11, see illustrations below, explanations in Appendix and 
further descriptions on CD-ROM mentioned in Chap. 1). Other areas were established for cleaning and 
salt removal purposes and were not controlled in 2001. It must be underlined that the colour of the 
products used at the test fields were not adapted to the surrounding stonework. All test fields were 
protected from precipitation at least 12 weeks after the application of conservation products – some 
even much longer due to the new choir scaffolding. 
 

 
Location of conservation test fields at Nidaros Cathedral. Areas marked with red circles were controlled in 2001 
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 2.2  TEST FIELD 1A 
 

 
Map of measures at test field 1A 

 
 
Location Choir, north aisle, second bay from the east 
Age of masonry/detail Middle Ages, stone replacement (Grytdal stone) c. 1880 
Stone and mortar "Trondheim soapstone" (perhaps Klungen soapstone ) and one 

Grytdal stone (yellow), lime mortar joints repointed by lime 
cement mortar c. 1880. 

Condition before measures 
 

Partly sheltered area, small scales and flakes developed due to 
water leaks from the parapet above and from run-off along the 
right side of the field. Salt weathering - much salts behind flakes. 
Salts originate mainly from cement and Grytdal stone (sodium 
carbonates, and sulphates, gypsum, magnesium sulphate). 

Description of measures 
 

Ethyl silicate basis. Loose material removed by soft brushes and 
compressed air. Area preconsolidated and flakes fixed by injection. 
Wash applied on a part of the field. 

Material quantities 90 ml elastified ethyl silicate with adhesion conveyor; 15 ml 
elastified ethyl silicate with fume silica; 5 ml ethyl silicate grout. 
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S A L T 

Condition of field 1A in August 2001 
 
 

In August 2001 the area, which is partly exposed to precipitation, was characterised by quite a lot of 
salt efflorescences, and this main weathering agent in the area was also observed during visits 
throughout 2001. It would seem that the ethyl silicate used as a consolidating agent have little effect 
on the stability or “hardness” of the surface, and although treated surfaces were somewhat “harder” 
than untreated, one could easily remove small flakes and pieces with the finger nails. The ethyl silicate 
mortars were, on the other hand, rather stable and only very few small fissures had appeared. Another 
observation is that there is some remaining ethyl silicate gel on the surface of the stones and that their 
colour is slightly darkened. Observations in March 2002 showed no great development since August 
2001. 
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2.3  TEST FIELD 6 
 

 
Map of measures at test field 6 

 
 
Location Choir, south aisle, second bay from the east 
Age of masonry/detail Middle Ages. Area slightly overworked and repointed in the 1880s 
Stone and mortar Øye chlorite schist surrounded also by "Trondheim soapstone" 

(perhaps Klungen soapstone ), lime mortar joints repointed by lime 
cement mortar c. 1880. 

Condition before measures Strongly back-weathered stone. Granular 
disintegration/delamination and flaking. Upon removal of some 
flakes, much salts appeared behind 

Description of measures 
 

Ethyl silicate basis. Loose material and flakes removed by soft 
brushes and compressed air. Area consolidated. Wash applied on a 
part of the field. 

Material quantities 30 ml elastified ethyl silicate with adhesion conveyor. 
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Condition of field 6 in August 2001 

 
 
Test field 6 was more or less protected from precipitation and water leaks after the application of 
conservation products in July 2000 (due to the new choir scaffolding). This must be one of the reasons 
why more salt efflorescences than usual formed in the area. The salts are mainly visible in the area 
treated with ethyl silicate only, but are also present underneath the ethyl silicate wash (gray on the 
picture). The formation of all these salts (probably mainly sodium sulphates) seem to have contributed 
to the development of small-scale flaking of the ethyl silicate wash. As with test field 1A, some ethyl 
silicate gel seem to remain on the surface of the stone. A further observation in March 2002 showed 
much more salt in the area than can be seen on the picture above. 
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2.3  TEST FIELD 7 
 

 
Map of measures at test field 7 

 
 

Location Choir, south aisle, first bay from the east 

Age of masonry/detail Capital made from Bjørnå soapstone, probably inserted around 
1920 

Stone and mortar Bjørnå soapstone 

Condition before measures Strongly weathered (granular disintegration) on exposed areas, also 
many cracks. Parts missing/fallen. On sheltered areas the condition 
is quite OK, some black crusts. 

Description of measures 

 

Ethyl silicate basis. Loose material and flakes removed by soft 
brushes and compressed air. Algae and lichen removed by 10% 
H2O2. Area consolidated and injection grout applied in several 
cracks. Wash applied on a part of the field. 

Material quantities 140 ml elastified ethyl silicate with adhesion conveyor; 21 ml 
elastified ethyl silicate with fume silica; 10 ml ethyl silicate grout, 
100 ml 10% H2O2 

Other H2O2 treatment: Lichen seemed to hold weathered parts together. 
Upon treatment with H2O2 these part crumbled (see picture). After 
consolidation salts appeared in part of the field (see picture) 
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Condition of field 7 in August 2001 

 
Field 7 was “over-conserved” on purpose in order to control the behaviour of ethyl silicate wash. The 
field was more or less protected from precipitation since 2000 due to the choir scaffolding, but on 
several occasions leaks entered the scaffolding and heavily affected the test field. Perhaps this is the 
main reasin why the wash developed significant flakes and small fissures? Some few observed salts 
may also have contributed, as well as organic growth not completely removed by the H2O2 treatment. 
It seems that the “Very thick ethyl silicate wash” applied in the upper left corner was less affected than 
the “Thick ethyl silicate wash” applied elsewhere. 
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In March 2002 a piece was cut from the capital in test field 7 in ord
conservation products in fissures etc.. Generally, the injection grou
fissures, but the grouts themselves were very “loose” and “unconso
not able to really fix the cracks for longer periods of time. Reconso
considered in this case. 

 

Left: Test field 7 after cutting a 
piece of it for inspection purposes in 
March 2002 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Below: Cut and broken surface (se 
explanation below) 
 

er to examine the penetration of the 
ts had filled at least some of the 
lidated”. Thus, they are possibly 
lidation with ethyl silicate could be 
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2.4  TEST FIELD 8 
 
 

 
Map of measures at test field 8 

 
 

Location Choir, south aisle, first bay from the east. 

Age of masonry/detail Ashlar masonry from the Middle Ages. 

Stone and mortar Øye chlorite schist and "Trondheim soapstone" (perhaps Klungen 
soapstone ) lime mortar joints repointed by lime cement mortar c. 
1880. 

Condition before measures Slightly wethered surface on the Øye stone - all surface details 
gone. Matrix on the soapstone backweathered and carbonate veins 
standing out. Most probably salt weathering due to former leaks 
from above. 

Description of measures Ethyl silicate basis. Loose material and flakes removed by soft 
brushes and compressed air. Area consolidated. 

Material quantities 35 ml elastified ethyl silicate with adhesion conveyor. 
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Cable 

Condition of field 8 in August 2001 
 
 
This test field was also protected from precipitation since the application of ethyl silicate in July 2000. 
As in other cases, it would seem that the treatment have left gel on the surface of the stones. However, 
the treated surfaces are clearly “harder” than the untreated left for reference beside. Some salts can be 
observed, but not much. 
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2.5  TEST FIELD 9 
 

 
Map of measures at test field 9 

 

Location Choir, south aisle, pillar at first bay from the east 

Age of masonry/detail Uncertain; probably Middle Ages and overworked in the 1880s 

Stone and mortar "Trondheim soapstone" (perhaps Klungen soapstone ). Lime 
mortar joints from c. 1880. 

Condition before measures 

 

Strongly weathered with flaking, multiple flaking/delamination and 
granular disintegration. Some few salts. Uncertain causes for the 
weathering since other, similar stones around are in good condition

Description of measures 

 

Mainly ethyl silicate basis. Loose material removed by soft brushes 
and compressed air. Area consolidated and flakes fixed by 
injection. Wash applied on a part of the field. 

Material quantities 75 ml elastified ethyl silicate with adhesion conveyor; ? ml 
elastified ethyl silicate with fume silica; 10 ml ethyl silicate grout. 

Other One scale fixed with dispersed lime mortar. 

 14



 

 

 
Condition of field 9 in August 2001 

 
Very little has happened in this test field since the application of conservation products in July 2001. 
The main reason is probably that the area was well protected from precipitation due to the choir 
scaffolding. Both the ethyl silicate mortar and the dispersed lime mortar (CalXnova) have worked 
well. The same is true for the ethyl silicate wash, although a few small areas with flakes can be 
observed. 
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2.6  TEST FIELD 11 
 

 
Map of measures at test field 11 

 
Location North transept, Lectorium, east wall (pillar) 
Age of masonry/detail Middle Ages, cleaned in the 1880/1890s; also some stone 

replacement 
Stone and mortar Mainly Øye chlorite schist, lime mortar joints reponted with lime 

cement. 
Condition before measures 
 

Very distinctive scales, developed due to unknown causes. 
(Possibilities: original treatment/dressing, removal of lime plaster 
in the 1880s, gypsum accumulation, hard joints, frost) 

Description of measures 
 

After removal of loose material with compressed air - three 
different types: 
A: Dispersed lime grout (40 ml) and dispersed lime mortar. 
B: Consolidation by elastified ethyl silicate with adhesion 
conveyor (3 ml) and injection with ethyl silicate grout (6 ml). Ethyl 
silicate mortar around. 
C: Consolidation by silica sol (5 ml) and injection with silica sol 
bound grout (15 ml). Silica sol bound mortar around. Glazing 
(Keim) on the mortar. 
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11A 

 

11B 

 

11C 

Condition of field 11 (a, b, c) in August 2001 
 

The fields were protected from precipitation for c. 12 weeks after the treatment and were thus fully 
exposed throughout the rather cold 2000-2001 Trondheim winter. Except for a few very thin fissures, 
all the products (ethyl silicate, silica sol and CalXnova) seem have behaved perfectly during the first 
test year and until the spring of 2002. However, as was the case in test field 7, it might be that some of 
the grouts used for filling are “loose” and “unconsolidated”. This should later be checked. 
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2.7  SUMMARY 
 
Although 1-2 years is much too short for giving any definite answers regarding the behaviour of the 
various products used for the test conservation, some tendencies have been observed: 
 
• Consolidation with ethyl silicate (elastified, with adhesion conveyor). The surface become slightly 

harder, but the problem is that hardened gel often remain on the surface, which is probably due to 
the difficulty of injecting ethyl silicate in these very dense stones. When salts are present the 
weathering goes on more or less as before treatment. 

 
• Fixing of scales (refilling) with grouts based on ethyl silicate, silica sol and dispersed lime mortar 

(CalXnova). Until now the application of such grouts seem rather successful. Only very small 
fissures have been detected. However, the grouts based on ethyl silicate in test field 7 were quite 
“loose” and hardly able to fix cracks. Thus, reconsolidation should in such cases be considered. 

 
• Ethyl silicate-based mortars. These also seem to be in quite good condition after one year. 
 
• Ethyl silicate-based washes (for protection of surfaces). The washes have not proved very durable, 

either due to salts (field 6) or because of exposition to rain (field 7). Fissures observed could be 
due to shrinkage. 

 

 18



 

3  Experiments With High-Speed Mixed Lime Mortars 
 
In order to obtain alternatives to conservation with products based on ethyl silicate, silica sol and 
CalXnova, experiments and field tests with high-speed mixed lime mortars (almost “dispersed”) were 
carried out in June 2001. 
 
The main objectives were to find good mixes for injection mortars (for fixing scales and filling in 
cracks and gaps), as well as for sealing the edges of scales. The latter should have colours adapted to 
surrounding stonework. 
 
Since previous tests have shown that fine quartz powder as aggregates hardly give any shrinkage 
fissures upon drying and carbonatisation (as opposed to the use of marble powder as aggregates) 
(Franz & Storemyr 2001), it was decided to carry out all tests with quartz powder. In addition, local 
sand was used for some of the tests regarding sealing edges of scales. 
 
The tests in 2001 also included lime water treatment of strongly weathered soapstone in order to check 
whether it had any consolidating effect (see chapter 5). 
 
 
3.1  ESTABLISHMENT OF BASE MIXES FOR INJECTION MORTARS 
 
Base mixes with varying quartz powder content were produced using lime putty from Skandinavisk 
Jurakalk AS (Rødvig wet slaked lime, stored min. 2 years). Some of the mixes were added small 
amounts of Hydroxypropylcellulose (Klucel H from Aqualon, former Hercules) as a dispersing agent, 
while others were added mineral water with high CO2 content (“Blå Farris”) in oder to check whether 
it had any effect on the carbonatisation (see table below). All mixes were mixed with a hand mixer at 
approx. 20.000 RPM. 
 

Base mixes with and without additives (C=added Klucel, CO2=added mineral water) 

 
 
 
3.2  ADHESION AND SHRINKAGE OF THE BASE MIXES 
 
In order to test the adhesion and shrinkage behaviour of the bases mixes, pieces of soapstone were 
“glued” to larger soapstone plates with the various mixes. The surfaces of the soapstone were rubbed 
with sandpaper before treatment. One sample of each mix was also just left to dry on the soapstone 
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plates. Samples of CalXnova (provided from Deffner & Johann) were used for reference. All the tests 
were carried out in a cool room climate (15-20ºC, 30-50% RH). 
 

1:2 1:3 1:4 CalXnova 
No additive: OK 

Klucel: Poor adhesion 
No additive:OK Klucel: OK No additive: OK 

Klucel: Poor 
adhesion 

CO2: OK (“glossy”) CO2: OK (“glossy”) CO2: OK (“glossy”) 
OK 

Testing adhesion and shrinkage of the base mixes. The mixes were left to dry and carbonatise for a few days. 
Subsequently, testing of adhesion were undertaken by removing the sample pieces from the soapstone plates 

manually. “Brute” force had to be applied. 
 

1:2 – Upon drying fat mixes leave a surface looking like 
“crushed paper” 

1:2 – Adding CO2 gives a glossy surface on all 
mixes 

 
In conclusion: 
 
• None of the tested mortar mixes tend to form shrinkage fissures 
• Most mixes had a very good adhesion to the soapstone samples / plates 
• The addition of Hydroxypropylcellulose appears to slightly reduce the adhesion 
• Fat mixes (1:2) tend to leave a surface looking like “crushed paper” 
• The addition of CO2 leaves the surface looking “glossy”, probably because of a significantly faster 

carbonatisation 
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Thus, it was decided to proceed with further experiments and field tests using the 1:3 mix without any 
additives. Mixes with CO2 could also have been used, but we are uncertain about possible side-effects 
and believe further experimentation is needed before trying to apply such a product to the conservation 
of  “a whole cathedral”. 
 
 
 

3.3  FLOW PROPERTIES OF SELECTED BASE MIX (1:3) THINNED WITH WATER 
 

In order to get an impression of how the selected 1:3 mix with varying water content might flow 
behind a scale, we prepared an experiment in which a glassplate was fixed with a 2 mm opening in 
front of a soapstone slab. 2 mm approximately represents the average thinkness of openings behind 
 

Immediately after injection 
 
Syringe with injection mix 
placed in the top middle of each 
experiment. 
 
From the appearance of the 
“shoulders” of the mixes, one 
can see the relative flow 
capacity. The narrower the 
shoulders, the better the flow 
capacity. Broad shoulders 
indicate that the pressure from 
the injection syringe strongly 
determines the behaviour of the 

A: 45%
The m
flowed
pressu
syring
mix to

 

2 mm
matc

 

c. 5 cm

mix. 

 

After a couple of days’ drying 
 
Shrinkage fissures have formed. 
Little difference between the 3 
thickest mixes, but more 
fissures in D (as expected) 

 water 
ix hardly 
, only the 
re from the 
e helped the 
 spread.  

B: 55% water 
(mix sunk due to 
vibration when 
injecting C and D). 
The mix has some 
ability to flow.  

C: 65% water 
The mix flows 
significantly better, 
but the capacity to 
flow is still partly 
determined by 
injection pressure 

D: 75% water 
The mix has a quite 
good flow capacity. 
It sunk a bit in the 
middle as water was 
squeezed out. 

Behaviour of the base mix 
thinned with various amounts of 
water 

 thick 
hes 

Experiment for dermining the flow properties of a 1:3 mix thinned with water 

21



 

large scales at Nidaros Cathedral. 4 closed “compartments” were constructed in the opening between 
the glassplate and the soapstone slab. This experiment was clearly very simplified, insofar that stone 
powder, organic material and insects tend to be found in the opening behind scales and thus retarding 
or blocking the flow of the injection material. Morover, the stone surfaces behind scales are by far not 
as smooth as the surfaces used in the experiment. 
 
The results of the experiments were nevertheless quite illustrating and helped us understand how much 
water had to be added to the base mix in order to be able to fill the opening behind scales with 
anything at all: It is possible to squeeze some of the 1:3 mix thinnned with 40-50% water into the 
opening behind a scale, but in order to fill the lower portions of large scales, much thinner mixes are 
needed. Such thin mixes will naturally form much shrinkage fissures. 
 
In practice, the 1:3 mix thinned with 75% water was used first for filling in the narrower portions of 
the scales and then 65% or even 60% water was used afterwards to fill the broader portions. Usually, 
the openings behind the scales were cleaned using compressed air before treatment. 
 
 
3.4  MORTAR FOR CLOSING THE OPENING OF SCALES 
 
For closing the open end of scales after the injection procedure, pigmented mortars were prepared. A 
1:3 mix as for the injection mortars were used, but with 0-1 mm quartz sand as aggregate instead of 
quartz powder. Up to 5% lime-stable pigments were added in order to match the colour of surrounding 
stonework. When adding more than 5%., the mortars had a tendency to harden on the surface, but 
remain powdery underneath. Some of the mixes with less than 5% pigments also showed this 
tendency. The mortars were mixed at c. 20.000 RPM, and none of them showed any sign of shrinkage 
during pre-tests before application at the test fields at the cathedral. The stonework was normally pre-
moistened before application of the pigmented mortars. 
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4  In-Situ Tests Using High-Speed Mixed Lime Mortars 
 
4.1  SELECTION AND LOCATION OF THE TEST FIELDS 
 
Test fields for the use of the 1:3 mix of high-speed mixed lime mortar thinned with water were 
established at the Lectorium (11D and 12) and at the south side of the choir (13 and 14) in June 2001 – 
see pictures below. 
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4.2  TEST FIELD 11D 
 

 
 
The picture above shows test field 11D (just beside field 11A and 11B, see description of stonework 
on p. 16) after application of injection and closing mortars. As can be seen from the picture, the 
pigmented mortar used to close the openings of the scales did not perfectly match the surrounding 
stonework. It is indeed very difficult to obtain a matching colour on these very dark stones without 
using more than 5% pigments. However, using more than 5% tends to make the mortar powdery – it 
will not really bind well. 
 
Observations in March 2002 (c. 9 months after the application) showed no particular changes despite 
the area being completely exposed to the weather. A few very thin fissures in the closing mortar had 
appeared, though. 
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4.3  TEST FIELD 12 
 
 

 

 
 
Before application, this field was manually cleaned (picture above). The injection followed more or 
less the same procedure as at test field 11D (picture below). The field has not yet been properly 
controlled. As with test field 11 (A,B,C,D) the stone in field 12 is a greenschist with extensive scaling. 
The restoration history is also similar (see p. 16).  
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4.4  TEST FIELD 13 
 
 

 

 

 

Test field 13 is confined by two ashlars at the south aisle of the choir 
 
Test field 13  consist of two very weathered medieval soapstone ashlars just below the parapet of the 
south aisle of the choir. The area was restored in the 1880s, probably by dismantling part of the 
stonework and reusing some of the old stones during the reassembly (cf. Storemyr 2001). The 
lowermost stone has a large scale throughout, whereas the upper one features various types of scales. 
The causes of the scale development are not known, but the heavy crumbling of the surface of the 
stones is probably mostly caused by salts (sodium carbonates/sulphates) as the area has been subjected 
to water leaks for decades. 
 
The upper picture on the next page shows the ashlars while injecting mortar behind the scales. The 
area was first cleaned with compressed air and the granularly disintegrated, extremely loose surface 
was partially removed (left side of upper ashlar) in order to get an idea of how fast the granular 
disintegration proceeds on a firm surface (in the future). The ashlars were heavily pre-moistened with 
limewater (also repeated for an extended period after the injection procedure), which was used in order 
to get an idea of its possible consolidating effect (result: no consolidating effect whatsoever in this 
case). 
 
Although it was difficult to inject the lime mortar in this case and although it was not possible to 
completely fill the openings behind the scales, it seems that the procedure was at least partly 
successful (lower picture on next page). Observations in March 2002  showed that some parts of the 
lower ashlar still was partly hollow, but that the situation was otherwise stable. However, the mortar 
used for closing the openings of the scales was somewhat crumbly behind the otherwise sound surface. 
As expected, there were much salts in the area, probably because it was not exposed to the weather 
due to the new choir scaffolding. 
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Test field 13: Pre-moistened ashlars during injection of lime mortar behind scales in June 2001 

 
 

 
Test field 13 after injection and closing of the openings of the scales. 
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4.5  TEST FIELD 14 
 

 
 
 
Test field 14, which is situated just above a round window at the easternmost bay of the south aisle of 
the choir, represents a small test of using the injection lime mortar (without added water) as a glue (cf. 
chapter 3.2). After a couple of days the fixed piece of stone shown on the picture above could not be 
easily removed by hand, and observations in March 2002 indicated that the fixed piece was very 
stable, indeed. Thus, for fixing smaller pieces the 1:3 high-speed mixed lime mortar appears to be very 
good. 
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5  Conclusions and Recommendations 
 
The soapstone and greenschist conservation test fields at Nidaros Cathedral have been established in 
order to obtain long-term experience with common and new stone conservation products. Until now, 
there is no experience with such products used on soapstone and greenschist worldwide. 
 
Although several of the products generally appears to have given good results after 1-2 years since the 
application, this is of course a much too short time in order to state anything for certain, especially 
since the new scaffolding at the choir prevents the efficient exposure of test fields located here. 
 
A further 4-5 years of careful monitoring is recommended. All changes within the test fields should be 
recorded in diaries and by the use of digital photography. Furthermore, various scientific tests such as 
drill resistance should be performed towards the end of the monitoring period. Also, once should 
consider “sacrificing” some of the scales (e.g. in test field 11) by removing them and take a look at the 
nature of the various conservation products (after 4-5 years). 
 
If  stone conservation materials have to be applied during the on-going restoration of the choir (e.g. for 
fixing scales), we recommend using high-speed mixed lime mortars as described in this report. These 
mortars are relatively “loose” and will probably not prevent removal or re-treatment in the future. 
Alternatively, CalXnova, which is somewhat “harder” can also be considered. Using products based 
on ethyl silicate is not recommended before the long-term monitoring of the test fields and proper 
analysis of the products’ behaviour have been carried out. 
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Distribution of the Report 
 
As PDF-file by E-mail to: 
 
The Restoration Workshop of Nidaros Cathedral 
Attn:  Øivind Lunde, Director (oeivind.lunde@kirken.no) 

Børge Aune, Head of Workshop Department (borge.aune@kirken.no) 
Rune Langås, Workshop Manager (rune.langaas@kirken.no) 
 

Fachlabor für Konservierungsfragen in der Denkmalpflege, München 
Attn:  Dr. Eberhard Wendler (e.Wendler@t-online.de) 
 
Institut für Denkmalpflege, ETH Zürich 
Attn:  Dr. Konrad Zehnder (zehnder@arch.ethz.ch) 
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Appendix: Explanations for Products Used in 2000 
 

 
 
Uses/ 
weathering forms Method Product Product 

abbreviation 
Granular disintegration, 
microfissures 

First consolidation Funcosil 300E + PAS 300E-PAS1 

Fissures, delamination Second consolidation Funcosil VM857-500STE VM857-
500STE 

Thicker, visible fissures, 
delamination and scales 

Injection grout/ 
"Third consolidation" 

Funcosil VM857-500STE + Funcosil KSE 
aggregates + Poraver light glass + pigments 

HFM.REM. 
2.c.1a 

Various Repair mortar Funcosil VM857-500STE + quartz sand + 
soapstone/greenschist powder  

SES.TRO. 
2.1 & 2.2 

Granular disintegration, 
scaling (surface) 

Surface wash (for 
stabilising surface) 

Funcosil VM857-500STE +/- quartz sand + 
soapstone/greenschist powder +/- Funcosil 
KSE aggregates +/- pigments 

SL.TRO. 
2.1 & 2.2 

 
Explanations: 
Funcosil 300E:  Elastified ethyl silicate (from Remmers, http://www.remmers.de) 
PAS: Adhesive coupling agent - 1-3% propyl amino silane 
Funcosil VM857-500STE: Ethyl silicate with fume silica (from Remmers) 
Funcosil KSE aggregates: A: Schist powder "Plasturit" (< 30-40µm), 

B: Quartzpowder "Microdorsilit" (< 40µm) (from Remmers) 
Poraver light glass: Hollow glass particles from Poraver (http://www.poraver.de) 

(0 - 0,25 & 0,25 - 0,5 mm) 
Pigments: Vagone Earth 4175 & 48440 
Quartz sand: 40-150 µm 
Soapstone/greenschist powder: Øye greenschist and Grunnes soapstone (0-125µm & 125-250 µm) 
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