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Abstract: In the framework of the Santiago of Compostela Cathedral program, a multidisciplinary investigation of the porch of the 
glory was carried out between 2009 and 2011 to identify the main environmental risks and to develop a preventive conservation 
planto be integrated in the general management strategy of the Cathedral. The study included historic and archivist research, 
structural studies, mineralogical analyses, biological sampling, cleaning tests and microclimatic monitoring. The main weathering 
factors and the related damage processes were identified. Results have shown that the main responsible for the observed damage was 
the infiltration of rainwater through the roof, due to cracks in the structure of the Cathedral. Other environmental factors having a 
remarkable impact on the state of conservation of the polychrome and its substrate were the solar radiation, the thermo-hygrometric 
cycles, the particle deposition and the biological growth. Solutions were suggested to improve the environmental conditions, thus 
reducing further damage. 
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1. Introduction  

The Santiago of Compostela Cathedral is one of the 
main destinations of pilgrimage since the Middle Ages. 
It was declared heritage of cultural interest in 1896 
and the old city of Santiago the Compostela, in which 
the Cathedral is situated, the UNESCO world heritage 
site in 1885. The porch of the glory constitutes the 
closure of the cathedral west facade and it was carved 
by Master Matthew between 1168 and 1188, with its 
200 sculpted figures representing the Last Judgment, 
it is a masterpiece of Romanesque sculpture and it 
represents the most distinctive and recognized beauty 
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of the Cathedral. 
The “Santiago of Compostela Cathedral Program” 

(2006-2012), financed by the Foundation Pedro Barrié 
de la Maza, consisted in a multidisciplinary study of 
the porch of the glory for the assessment of the main 
environmental factors affecting the state of 
conservation of the materials and the development of a 
preventive conservation strategy and restoration plan. 
In particular, it contemplated the following work 
phases for the porch of the glory to be executed 
between 2009-2011: preliminary study, monitoring 
and diagnosis, risk assessment, preventive 
conservation and restoration plan. 

2. Materials and Methods 

The program started with a preliminary research in 
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particular the impact of two phoretic processes [10, 
11]. Results shown that for most of the year the 
termophoresis was inhibited, because for the most of 
the time surface temperature was higher than air 
temperature. Contrariwise, the diffusiophoresis was 
slightly favored (60% of total time) and it was more 
probable in winter and early spring. Moreover, during 
the whole year of monitoring, the study of the vertical 
thermal profile showed that the upper part of the porch 
was characterized by instability, thus favoring vertical 
motions of air masses and so transport of suspended 
particles [7]. The removal of the scaffolding, 
necessary to make the higher part of the porch 
accessible to the scientific investigations, would 
enhance stability favored by the entrance of external 
air from the front doors, generally characterized by 
lower temperature. Nevertheless, the absence of 
thermal equilibrium between air and surfaces would 
always favor vertical air flow along the walls where 
the geometry of the high-reliefs will cause local 
turbulence, so inertial deposition of the fine particles 
(1-2 μm) [11]. 

4. Conclusions 

The multidisciplinary study allowed an integrated 
assessment of the main environmental risks for the 
conservation of the porch of the glory and their 
prioritization according to their potential of damage 
[4]. The main environmental phenomena having a 
remarkable impact on the state of conservation of the 
polychrome and its substrate were singled out: 

 rainwater infiltration through the roof, due to 
failures in the structure of the cathedral, that 
mobilized the soluble salts and favored the capture by 
the surfaces of the suspended particles; 

 impact of the solar radiation, that enhanced 
thermal stress, that forced the evaporation of the 
filtrated water and the crystallization of the soluble 
salts, with phenomena of sub-efflorescences and 
efflorescences, crackling, detachment and loss of 
material (especially of the paint layer);  

 particle deposition, responsible for blackening 
and chemical interaction with the substrate, in 
particular in presence of water (infiltration or 
condensation); 

 biodeterioration, favored by the presence of 
water and the high values of relative humidity.  

Once the environmental factors responsible for the 
most important damage processes at the porch had 
been identified and prioritized, several actions listed 
hereunder were suggested in order to stop these 
processes or at least reduce the circumstances favoring 
them. 

First of all the technical direction of the program 
during the development of the project produced a plan 
for the repair of the cover between the two towers and 
the gallery above the porch, in order to stop the 
rainwater infiltration. The work was made between 
December 2010 and January 2011 and this 
intervention improved quickly the situation.  

Then, to stabilize the microclimate, it was 
suggested to reduce the exchange between the internal 
and external atmospheres, for example repairing the 
windows and doors, especially the south one that 
presented deep fissures. Moreover, the use of the 
doors (especially the north one) should be controlled, 
reducing it on the occasion of special events, in line 
with the management of the access to the Cathedral. A 
better management of the opening/closing of the doors 
will surely contribute to reduce the turbulence, so the 
inertial deposition, caused by the atmospheric 
instability in the upper part of the porch. The short 
term analysis performed during the occasional 
removal of the scaffolding showed more stability but 
higher ventilation, two opposite conditions for the risk 
of the inertial deposition. Anyhow, deeper analysis by 
mean of a fluid dynamic model would be useful to 
draw final conclusions on the management of the 
openings. 

The impact of IR and UV radiations on the surface 
of the tympanum, the most dangerous for conservation 
purposes [12], should be stopped by the installation of 
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specific filters on the windows of the facade. 
Last, but not least, a better management of the 

pilgrims’ access to the Cathedral is advisable, as they 
are one of the main vectors of pollutants and water 
(especially in rainy days). 

The suggested interventions, in order to be effective 
and sustainable, need to be integrated in the general 
management strategy for the conservation of the 
whole Cathedral. 

Acknowledgments 

The authors would like to give thanks to the 
Archbishop of Santiago, the Cathedral Chapter, the 
Barrié Foundation, the Regional Ministry of Culture 
of the Xunta de Galicia and the Technical Direction of 
the Spanish Institute of Cultural Heritage of the 
Ministry of Culture, Regional Ministry of Culture of 
the Xunta de Galicia, Artelan. 

References 
[1] D. Camuffo, Microclimate for Cultural Heritage, Elsevier, 

Amsterdam, 1998. 
[2] A. Bernardi, Microclimate Inside Cultural Heritage 

Buildings, Il Prato, Padova, 2009. 
[3] D. Camuffo, P. Brimblecombe, H.J. Busse, R. Van 

Grieken, G. Sturaro, A. Valentino, et al., Environmental 
risk to cultural heritage related to unsound of technology 
and mass tourism at the Correr Museum, Venice, The 
Science of the Total Environment 236 (1999) 135-152. 

[4] A. Bernardi, F. Becherini, L. Pockelé, S. De Grandi, A. 
Gandini, O. García, et al., Monitoring of the 

Environmental and Thermo-Hygrometric Parameters in 
the Major Chapel and the Porch of the Glory of the 
Santiago of Compostela Cathedral, Strategy of Control 
and Management of the Environmental Risks, Scientific 
Report for Pedro Barrié de la Maza Foundation, 
Pontevedra, 2011. (in Spanish) 

[5] B. Sperandio, Static Monitoring of the Santiag of 
Compostela Cathedral and diagnostic Analyses for the 
Restoration Work of the Porch of the Glory, Scientific 
report for Pedro Barrié de la Maza Foundation, 2009. (in 
Italian) 

[6] B. Sperandio, Investigations Performed Within the First 
and Second Phases of the Restoration Work of the Porch 
of the Glory, Scientific Report for Pedro Barrié de la 
Maza Foundation, 2011. (in Spanish) 

[7] A. Bernardi, F. Becherini, L. Pockelé, S. De Grandi, A. 
Gandini, O. García, et al., Final Report of the First Phase 
of Investigation for the Elaboration of the Preventive 
Conservation Plan, Monitoring of the Microclimate in the 
Porch of the Glory and in the Major Chapel of the 
Santiago of Compostela Cathedral, Scientific report for 
Pedro Barrié de la Maza Foundation, 2011. (in Spanish) 

[8] S. Michalski, Guidelines for humidity and temperature 
for Canadian archives, in: CCI Technical Bulletin 23, 
Canadian Conservation Institute, Ottawa, 2000. 

[9] A. Goudie, H. Viles, Salt Weathering Hazards, John 
Wiley & Sons, Chichester, 1988. 

[10] S.K. Friedlander, Smoke, Dust And Haze, Wiley, New 
York, 1977. 

[11] J.H. Seinfeld, Atmospheric Chemistry and Physics of Air 
Pollution; Wiley, New York, 1986. 

[12] D. Camuffo, A. Bernardi, E. Pagan, F. Becherini, The 
impact of heating, lighiting and people in re-using 
historical buildings: A case study, Journal of Cultural 
Heritage 5 (2004) 409-416.

 


