The erosion of granite surfaces. The Cathedralvof&as
example

D. Costa
National Laboratory for Civil Engineering (LNEC), Lisbon, Portugal

ABSTRACT: Theevaluaion of the erosionin the stone surfaces a granitic monument hh-
lights the severity of decay due to the presencealté. The method used and reported here in-
tegrates different but relevant information: besidlee quantity of material lost by the stone
surfaces, their hygroscopic behavior was evaluatedifferent humidity conditions, comple-
mented by the characterization of the microenvirennwhere the erosion process takes place.
The method used contributes to a better knowledgemly of decay but also of the behavior of
these materials over one year, illustrating theadyism imposed by the presence of salts as the
most relevant factor of decay. How twodify the behavior of decayed stone material$és t
great challenge of conservation actions.

1 INTRODUCTION
1.1 Overview of the subject

Stone surfaces in historical buildings are usudgiyamic and in permanent interaction with the
surrounding environment. The impact of climate ge risk evaluation and the quantification
of stone surface recessions on stone buildings baga a main concern and a central topic of
several European research projects in this fietthduhe last decade.

From onsite observations or in laboratory/onsisteresearchers try to quantify stone decay
processes on carbonate materials, in order toipatic the future and to define preventive
measures.

However, long-term results on stone decay are odtesjuent and usually the information is
gualitative rather than quantitative. In fact, theluation of damage and the identification of
the active processes responsible for decay arepary important, especially when the final
objective is to find adequate solutions for thesprgation of surfaces in a specific monument
and, for this reason, this matter is also veryvahé in conservation.

Visual inspection is widely recognized as the fapproach to describe and to evaluate the de-
cay state of surfaces. The use of a common langiumagdescribe decay patterns, proposed a
long time ago by researchers (Fitzner 1995, 200 situtions (ICOMOS 2008), has been in-
creasingly used although not without difficultieedaambiguities. It has been implemented as a
good practice, allowing both description and aaartype of quantification, very useful for
several relevant purposes required by the bestipeacin conservation. Besides purposes in-
volving diagnosis or monitoring, it is very usefalreport and document the actions taken dur-
ing the intervention of conservation.

To express weathering and decay in numbers ismeasy task, in particular if we desire to ob-
tain representative data using simple and geneagityicable methods. More recently, more or
less sophisticated techniques have been propodedkat the surface and follow the gradual
loss of surface using 3D laser scanning and LIDAResns, but even when it is possible to use



more complex methods, simple visual examinatioryplan important role in quantifying de-
cay. Moreover, the use of simple methods is usul#yonly option available in real practice.
The examination of the surfaces depicts the stateecstone at a particular moment, but it does
not capture the rate of decay. For this, a seffiésspections is required, usually over a period
of several years, and common photographs are wsédcaments although their objectivity can
be questioned.

What methods can be used to evaluate correctlyeaxily” the weathering /erosion of the sur-
faces? The information derived from the academ@rase reported here can be very relevant
to decide the most adequate measures to be uneledaking the conservation intervention.

1.2 The objectives

This paper presents the guidelines of the workiedmut on a granitic monument to evaluate
the factors responsible for decay and the methsdd to quantify the erosion of surfaces in se-
lected areas of the monument. The work was platméategrate the preparatory research be-
fore the conservation intervention on the Cathedf&vora (Portugal). Our goal was to under-
stand the influence of the microenvironment on gqeztterns observed on the granitic ashlars
of the monument.

2 PLANING THE WORK ON THE MONUMENT
2.1 Some relevant aspects of decay observed on the monument

The construction of the Evora Cathedral dates badke late twelfth century and lasted for a
long period of time, featuring the late Romanesap@ Gothic styles. The diversity of materials
used to build the monument expresses well the negicariability of the igneous complex from
where the construction materials were extractedtéahnical and economic reasons, the medi-
eval builders used the upper parts of the rock magsops, where the superficial materials are
found naturally altered. As a direct consequentoe blocks present in the cathedral stonework
exhibit an inherited alteration that pervades there block and examples of extremely poor
quality stones may be found. This condition wasfitst determinant cause of severe degrada-
tion forms, namely contour scaling, sand disintegraand back erosion (Delgado & Costa
2008).

Figure 1. Cathedral of Evora (Portugal) in the 194Ihe lateral facade, one of the towers of therfai
cade (on the left) and the zimborio (on the rigR&production of an old postcard.

2.2 How serious and how far can the damage reach?

One of the most significant places in the monunettie lantern tower (zimborio). The interior
surface is particularly critical concerning thesom. The extensive rainwater infiltration is the
major source of moisture. Incompatible materialdedi used here, particularly cement-based
mortars, are also important onsite decay factorgitlly, the masonry was covered by ren-
ders and a calcitic mortar was used to mimic thetdi of the blocks. Meanwhile, the erosion
partially removed the render and the blocks are nowovered in large areas. Figure 2 illus-



trates the weathering of the granitic masonry jylaee where the stone is now mostly uncov-
ered.
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vdlt. The render is preservedtan

Figure 2. Extensive sand disintegration and erosicthe intenél
right (zone delimited by dashed line).

Sand disintegration justified the installation oplatform under the vault. Afterwards, it was
possible to collect the debris detached from tleehd. Since the vault was only accessible to
researchers, the spontaneously detached graing loewollected, undisturbed, according to the
orientation of the respective sectors and theredogeographic distribution could be made (see
Figure 3).

For about three years it was possible to quanti§sé materials. The data allows quantifying
erosion of the internal surface in this significapaice of the monument.

2.3 Planning the work in the field

Regarding decay, two general tasks were definethfsiparticular area:
1) Monitoring of the debris over time;
2) Characterization of the microenvironment (aivedape).
The objectives were to quantify the debris andais load content. As a complement, the in-
fluence of the microenvironment on the erosion pssdn progress was also analyzed.

3 SOME RESULTS
3.1 The microenvironment

The microclimate in Evora is characterized by hohmers and mild winters, but also by great
daily variations, particularly in the relative hudity conditions. The indoor climate of the
monument is controlled by the external conditiaithough characterized by a narrower range
of values, especially regarding temperature. Talpeesents the relevant parameters (expressed
in terms of the average values + standard deviaimmhmaximum and minimum values) of in-
door climate measured in 2000, taken as example.

Table 1. Indoor climate in the zimbério

Temperature Relative Humidity
(°C) (%)
January 12.1 86 214.1 - 11.13 60.685 _ 273 - 50;
August 26.84.7 (34.4-24.1 38.9%.4 54-16

3.2 The salts as efflorescences
Samples of efflorescences collected in severaltpaihthe monument indicate that granitic ma-
terials are “contaminated” with complex mixturessailts. Carbonates, nitrates and sulphates



are present: i) sodium and magnesium carbonatemgTHidromagnesite and Northupite); ii)
magnesium, calcium or sodium sulphates (Epsomiges@n, and Thenardite); iii) sodium and
potassium nitrates (Niter and Nitratite). Compleksslike Aftitalite and Humberstonite, com-
posed of sulphate and nitrate anions in severggstions, were also identified. (Costa et al.
2004).

3.3 Thedebris. How seriousisthe erosion process inside the lantern tower?

Taking as an example one of the periods monitotieel year 2001), very high material loss
were determined in some sectors, reaching 1 5gfay during the summer period. In the areas
where the render is still partially preserved (“8&c‘sec 4", “sec 5” or “sec 6” in Figure 3), the
quantity of detached material is lower, around @8g/nf / day. Consistently, the quantity of
material detached during the winter is lower thathie summer.
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3.4 Hygroscopicity of the debris. How seriousis the salt load?

Salt minerals present inside the stone are mofiewifto analyze and to quantify than efflo-
rescences. The hygroscopic moisture content detation of decayed samples is a very in-
formative technique to quantify the amount of saftgarticular when it can be complemented
with lon Chromatography (IC) (Costa & Rodrigues 80Qt is worth noting the good correla-
tion of the total salt content determined by IC agdroscopic moisture content (HMC) values.
The granites of ashlars in the zimbdrio have sukshand nitrates as suflorescences (see Figure
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The hygroscopic moisture content of the debrisyféd shows some results) confirms the high
amount of hygroscopic salts present as subfloressefup to 3-4%, in the summer).

5 CONCLUSIONS

Nowadays, granites and similar rocks are consideseyl durable construction materials. Look-
ing back into the past, several examples showttiet can be very fragile, justifying the need
for urgent intervention and conservation works. dsdisintegration and scaling are frequent
decay patterns on monuments made of granite arithsivarieties, with large areas are in risk
of loss.

In this research the Cathedral of Evora is preseasecase study. This work was planned in the
frame of the conservation intervention plan. During work, it was possible to collect data on
the degradation of the materials, in particulathi@ zimbério area, where this problem is espe-
cially relevant.

In this paper some results obtained are presehterdebris detached was collected over years;
the material loss allowed evaluating objectively #iosion of the surfaces, which can reach the
value of 1.5g/rh/ day during the summer period.

The salt load content of these materials and tleea@nvironment characterization of this space
were also relevant to better understanding thei@igzocess. The materials detached have a
strong hygroscopic behavior due to the presencalt$. Complex mixtures, present as efflo-
rescences but mainly as subflorescences, are tjog reaponsible for the fast erosion and for
the dynamic of the process in progress.
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