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Introduction

Salt crystallization in porous materials constitutes one of the most frequent causes of
decay of buildings, in a wide range of environment [1]. Among salts commonly found in
masonry; sodium chloride (NaCl) is one of the most abundant. In spite of the several theories
developed to explain salt crystallization damage, no unanimous opinion exists yet on the
mechanisms causing the damage.
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There are many factors contributing to the kinetics of crystal growth, including
composition of salt mixtures and the degree of disparity between the ambient conditions and
equilibrium condition, air movement and the characteristics of the porous matrix.

The salts can be delivered from many sources, including sea-spray, soil, and water,
cleaning materials, de-icing materials and building materials themselves [2].

Salt can be transported in a porous material only if dissolved in water. During drying
of a wall salt is transported to the evaporation front, where it crystallizes and accumulates.
Generally the evaporation front is located near the surface of the wall, with as a consequence
that the wall finish, i.e. the plaster runs the highest risk of decay. Even thought the plaster
applied in restoration is usually considered as a sacrificial layer, a long service life of the
plaster is pursued [3].

In the last decades, apart from traditional plasters, commercial multi layer desalination
renders or so called “sacrificial” plasters are available on the market. These plasters are
especially made rehabilitation systems consisting basically from porous soil and specific
additives, and are especially developed for salt loaded masonries.

“Sacrificial” plasters have been used in several objects in Latvia, more significant of
them are Riga Castle and Riga Cathedral. There also has been performed some practical
experiments regarding “sacrificial” plasters when pilot areas were applied and tested after
stated period.

“Sacrificial” plaster — as a method of desalination

There are different desalination methods described in literature [4] and application of
“sacrificial” plasters is one of them. “Sacrificial” plasters have been used where the source of
soluble salts were rising damp, sea or estuarine sand in mortar, past flooding, storage of
culinary salt, gunpowder, chemicals, human and animal urine, cleaning and biocidal
treatment. The application techniques are mainly suitable for large, plain areas of masonry or
simple architectonical details. It is complicated to use them on delicate, damaged surfaces of
carvings or sculptures. Where “sacrificial” plasters are considered to be appropriate it may be
necessary to include their planning into a long- term maintenance programme, perhaps every
five or ten years, particularly if there is a persistent replenishment of soluble salts [2].

There are different types of “sacrificial” or restoration plasters (Fig.1). “Salt
transporting” plasters operate by transporting salts to the surface, where they should
crystallize in the form of harmless efflorescence (quick (1) and slow (2) transporting). “Salt
accumulating” plasters (3) work either by accumulating the salts in the inner layer, where
enough space should be provided for their crystallization. Such kind of plasters usually
contains water repellent in the outer layer. “Salt blocking” plasters (4) completely block salts
or water and water vapour (“moisture sealing” — 5) from penetration in the plaster layer.
These are less common and usually not recommended in restoration [4].
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Fig.1: Types of “sacrificial” plasters

The behaviour of restoration plasters in sifu is not always satisfactory.

Investigation

In order to evaluate the desalination effectiveness using “sacrificial” or so-called
sanitary mortars the research project was carried out at Riga Dome Cathedral in collaboration
with German colleagues from DZHD (Deutsches Zentrum fiir Handwerk und
Denkmalpflege). Within the framework of  this project lime-cement
(1,5(lime):1(sand):5(cement)) mortar (Nol), lime mortar (1:2) with 10% additive of cement
(No2) and three different “sacrificial” plasters (No3—No5) were used on sampling sites
(experimental squares). The salt content in sampling sites was repeatedly analyzed.

The obtained results (Fig.2-7) showed that lime-cement mortar being too dense was
not able to absorb salts so effectively as lime mortar with 10 % additive of cement. From
three sacrificial plasters one demonstrated better results than two others. One of those plasters
admitted salts very slowly and the bulk of them deposits near the surface of masonry but not
in the plaster. Two others also demonstrated a slow enrolment of salt mainly because of
differences between pour sizes of “sacrificial” plaster and treated

The obtained results (Fig.2-11) showed that lime-cement mortar being too dense was not able
to absorb salts so effectively as lime mortar with 10 % additive of cement. From 3 types of
“sacrificial” plasters No3 and No4 admitted salts very slowly and the bulk amount deposits
near the surface of masonry but not in the plaster. No5 demonstrated a slow enrolment of
salts. Even if desalination process in the cases of traditional lime mortar occur very
admissible as the disadvantage of this method could be considered the formation of
efflorescence on the surface of mortar which could make it visually non acceptable [3].
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Fig.2 and 3: Content of soluble salts before and after application — Nol
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Fig.4 and 5: Content of soluble salts before and after application — No2
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Fig.5 and 7: Content of soluble salts before and after application — No3
before after
1,5 1
0,8
e ! m Na+ 2 06 B Na+
% 05 @c- 2 041 7o
0,2 1
0 0+
3,5 9,5 13 13,6 1,5 3 6,5 12 16
depth, cm depth, cm

Fig.8 and 9: Content of soluble salts before and after application — No4
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Fig.10 and 11: Content of soluble salts before and after application — No5

Parallel above mentioned another experimental sampling site was examined in the Caﬁ)ithulum
hall of Riga Cathedral. “Sacrificial” plaster No6 was applied on the surface of the 13" century
brick wall (Fig.12) in 1995. Two boreholes were made in experimental sampling site in
Capithulum hall in 2006. Anion and cation chemical analysis of borehole samples presented low
concentration of salts in the depth until 8 cm of brick walls. The layer of “sacrificial” plaster was
0.6 cm thick. Gained results (Fig.9) presented that sample of “sacrificial” plaster (Fig.10) has low
concentration of salts. That means that together with aforesaid this “sacrificial” plaster does not
work. Salts accumulate right behind “sacrificial” plaster, but not in its pores as required.

Fig. 12: Square of “sacrificial” plaster in Capithulum hall
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Fig.13: Content of soluble salts after application of “sacrificial” plaster No 6
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Fig.14: Sample of “sacrificial” plaster (0.6 cm thick)

Conclusions

It could be concluded that “sacrificial” plasters do not work enough effectively.
Results demonstrate that, if the evaporation is enhanced and the plaster is thick enough, the
salts do not reach the surface and no visible damages are observed. In this case the plaster
behaves according to “salt accumulating” working principle (Fig.1). When the evaporation is
slower or/and the plaster layer thin, the salt accumulates near the surface where it crystallizes
not only in the form of harmless efflorescence, as expected, but also inside the pores of the
material, causing damage.

Optimal thickness of the plaster layer is therefore necessary in order to avoid surface
damage.

In a “salt transporting” plaster, hygroscopic salts tend to accumulate near the surface
and are therefore very sensitive to the changes of RH (Relative Humidity) in the air.

The properties of sacrificial plasters as well as historical masonry of Riga Dome
Cathedral (composition, physical properties and moisture transport behaviour, etc.) should be
further examined in order to evaluate working efficiency and suitability of desalination
methods and materials.

“This work has been partly supported by the European Social Fund within the National Programme “Support
for the carrying out doctoral study programm’s and post-doctoral researches” project “Support for the
development of doctoral studies at Riga Technical University”.
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J.Svare, I. Vitina, L.Krage, R.Liisis ,,SanéjoSo apmetumu” darbibas efektivitate — praktiska pieredze Latvija.
Pedéjos gados blakus tradicionalajiem apmetumiem tirdzniecibd ir pieejami ta saucamie ,,sanéjoSie apmetumi”.
Sie apmetumi ir speciali veidotas sandcijas sistémas, kas sastav no porainas grunts un specialam piedevam.
Tirdznieciba ir pieejami dazZada veida ,,sanéjosie apmetumi”. Viena veida apmetumu darbibas pamatd ir saju
transportésana uz apmetuma virsmu, kur safi kristalizéjas nekaitigas efflorescences veida. Pavisam cits darbibas
princips ir pamatd apmetumiem, kuri sajus uzkrdj apmetuma iekséja slani, kur tie kristalizéjas, neradot
kaitéjumu. Blakus jau minétajiem ir tadi apmetuma veidi, kuri pilniba bloké saju un tidens iekjuvi apmetuma un
ir ar hidrofobu virsmu. ,,SanéjoSie apmetumi” izmantoti gan Rigas pils, gan Rigas Doma u.c. atjaunosanas
darbos, ka ari, izveidojot un péc noteikta laika parbaudot specialus no St apmetuma izveidotus eksperimentalos
laukumus, ir izvertéta So apmetumu efektivitate. Tomér , sanéjosa apmetuma” darbiba objektos, kuros tas
lietots, ne vienmeér ir apmierinosa.

J.Svare, LVitina, L.Krage, R.Lusis Workinf efficiency of “sacrificial” plasters — practical experience in
Latvia. In recent years, apart from traditional plasters so called “sacrificial” plasters are available on the
market. These plasters are specially designed rehabilitation system consisting from porous soil and specific
additives. There are different types of them. There are different types of “sacrificial” or restoration plasters.
“Salt transporting” plasters operate by transporting salts to the surface, where they should crystallize in the
form of harmless efflorescence). “Salt accumulating” plasters work either by accumulating the salts in the inner
layer, where enough space should be provided for their crystallization. “Salt blocking” plasters completely
block salts or water and water vapour from penetration in the plaster layer. These are less common and usually
not recommended in restoration. Such plasters have been used in several objects in Latvia (Riga Castle, Riga
Cathedral etc.). There also has been performed some practical experiments regarding “sacrificial” plasters
when pilot areas of them were applied and tested. Nevertheless, behaviour of restoration plasters in situ is not
always satisfactory.

A.Ceape, H.Bumuna, Jl.Kpaze, P.Jlycuc JIppexkmusnocmy 6030eiicmeus «80CCMAaAHAsIUSAIOU|ElL
wmykamypkuy - npakmuyueckuit onsiin ¢ Jlameuu. B nocneonee epems 6 npodasice cpedu mpaouyuoHHbIX
OMOENOUHbIX MAMepuanos Ccmaiu OOCMYnHbl pPAslUdHble «BO0CCMAHABIUBAIOWUE WMYKAMYpKUy. Omu
WIMYKAMYpPKU 9M0 0COoOeHHble CAHAYUOHHbIE CUCMeEMbl, COCmoawjue U3 NOPUCNO20 SPYHMA U CNeyUdnibHbIX
00b6asok. B npoodasice docmynuvl pasnuyHvle 8Ubl «BOCCHAHABIUBAIOWUX WMYKAMYPOKy. B nepeom ciyuae
Pabomul WMYKAmMypKu NpouUCXooum nepemeujeHue coiell Ha ee NOBEPXHOCMb, 20e COMU KPUCNATUIVIOMCA 8
suode be3spednoli spgnopecyenyuu. B Opyzom ciyuae, conu HaKanauames 60 6HymMpeHHeM Cloe WmyKamypKu
U NpuU KPUCMATUZAYUY He NPOUCX00Um paspyuienue wmykamypku. Kpome eviuue nepeyuciennvix, cywecmsyiom
WmyKamypku ¢ 2uopo@oonol nogepxHocmuio, KOMopbie NOTHOCMbIO OIOKUPYIOM NPOHUKHOBEHUE cOell U 800bl
6 wmykamypky. OHU NPUMEHATUCL 8 pecmaspayuoHnbix pabomax Puosicckozo 3amka, Puowcckoii dymul u Op.
00bekmos. Dmu WmyKamypku max e Obliu CNeyuarbHO UCHOIb308AHbL OISl OMOEIKU IKCNEPUMEHMATbHBIX
naowadox, appexmusHocms  8030elicmeus Oblia UCCIe008aHA U OyeHeHd. Bausnue «soccmanasnusaioweli

wmyxkamypKu) Ha HeKomopbwie OnpO606aHHbl€ 00BeKmul He 8ce20a 00CMAMOUHO GbICOKAAL.
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