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 2. INTRODUCTION

 
 
The International Association for Housing Science (IAHS), this year 2010, is celebrating the 
37th Congress. They are a tradition and annually, held in a different country. Last Congress 
was held in Kolkata, India. Before it, it was Melbourne, Australia. 
 

As the issues related to human habitat are important and global, IAHS dwells on these 
issues, identifies them, searches knowledge based solutions to them. These congresses are 
the effectice way to gather competent experts on various fields, to join together and create 
an environment for discussions. The outcome of these deliberations are published in the 
IAHS Journal and the Congress Proceedings. 
 

IAHS was established at the University of Missouri, USA in 1972 as a Non-Profit Scientific 
Organization. It is a member of the United Nations as a Non-Governmental organization with 
accreditations in New York, Geneva, Vienna. 
 

The IAHS Motto is: Progress through interdisciplinary cooperation and research. This 
emphasizes the importance of the expansion of knowledge based actities to help improve the 
global shelter problems. People wants better homes and better environment for their families. 
This is a correct and continuous aspirations. A genuine concern, fom our part, is mandatory 
and necessary to find ways to help. IAHS is in this venture for good. And it is doing its share. 
 

The University of Cantabria (UC) – Spain, through its R & D Group of Building Technology 
(GTED), was invited to co-organize and manage this Congress at the beginning of 2009. UC 
welcomed this project with great interest and saw it as an important challenge: In fact, it 
affects and strengthens the strategic goal of internationalization of our university, in line with 
the honor and award of “Cantabria International Campus” that we have achieved in 2009. 
 

From the beginning, three Administrations decided to promote this Conference: The 
Government of Spain, the Government of Cantabria and the City of Santander. Also, the 
Professional Associations linked to the multidisciplinary Building field and other Entities of the 
Region added their support: The combination of all these forces has made possible to reach 
the target. 
 

Also, for the UC School of Civil Engineering, aimed in teaching and research in the world of 
Construction in general and, therefore, in the Building in particular (which means, in Spain 
and Europe, approximately 75% of the construction sector) and for its R & D Group of 
Building Technology, the celebration of this Congress is an important milestone in our history 
of more than 40 years. In fact, it reinforces our project of giving a specific universitary degree 
in the Building field. 
 

Finally, IAHS and UC are deeply grateful to all who have made this 37th Congress possible: 
Sponsors, Collaborators Entities, Keynote speakers, Scientific Committee, Authors who have 
submitted their Papers and Congressmembers in general. Thank you very much, again, 
everybody. 
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7. PAPERS - STATISTICS

 

Papers in the 37th IAHS World Congress of Housing: Stder.SPAIN, Oct. 2010 

CONTINENT

COUNTRIES

that send 
Papers

Nº total of 
Papers

received
Country Nº Papers 

EUROPE 16 269 Spain 135 
Portugal 45 

Italy 39 
Turkey 15 
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Others 24 

AFRICA 6 19 Egypt 6 
Nigeria 6 
Others 7 

AMERICA 3 10 Brasil 5 
Mexico 4 

Colombia 1 

ASIA and 
OCEANÍA 

10 16 India 4 
Irak 2 
Iran 2 

Indonesia 2 
Others 6 

TOTAL 35 314 
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Figure:
PAPERS FOR EACH TOPIC 
(Topic i; nº papers; %papers/total) 

Topic X; 
48; 15%

Topic IX; 
44; 14%

Topic VIII; 
17; 5%

Topic VII; 
6; 2%

Topic VI; 
31; 10%

Topic V; 
18; 6%

Topic IV; 
19; 6%

Topic III; 
25; 8%

Topic II; 
48; 15%

Topic I; 
58; 19%
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CODE: 256 

NATURAL STONE IN ARCHITECTURAL DESIGN. 

THERMAL PERFORMANCES EVALUATION. 

Chiara Cicero, Grazia Lombardo  

Department of Architecture and Urban Planning  

University of Catania, Italy 

e-mail: cicero@dau.unict.it, glombardo@dau.unict.it  

Key words: natural stone, masonry, thermal performances, architectural design, sustainability 

Abstract 

Sustainability concept in building is mainly based on a limited employment of energetic 

resources in construction phase of the building and during its life. It’s therefore very 

important to return to the building’s envelope its thermal control function.  

From this point of view it’s necessary to modify building’s envelope to the aim to reduce the 

thermal system’s use. 

New scientific researches recently conducted in various parts of the world have been based 

about the thermal mass role in building’s massive envelopes. The use of massive envelopes, 

in fact, is favored thanks to the typical thermal mass ability to accumulate heat and to give 

back it slowly. 

The study of vernacular architectures shows that the use of materials and shapes optimizes the 

relation between the environment and solar energy. 

Within this problematic a search has been started with the objective to know better the 

massive envelope’s performances. The results obtained, in a comparison between thermal 

performances of building’s envelope realized in three different materials, show good 

performances of natural stone masonry.  

This paper shows results obtained in a research whose objective it is to know natural stone’s 

influence as thermal accumulation in architectural design. In particular this study will be 

interested in: 

  wall’s thickness; 

  relation between glass surfaces and natural stone surfaces;  

  natural stone's position inside building. 
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Abstract

Sustainability concept in building is mainly based on a limited employment of energetic resources  in 

construction phase of the building and during its life. It’s therefore very important to return to the 

building’s envelope its thermal control function.  

From this point of view it’s necessary to modify building’s envelope to the aim to reduce the thermal 

system’s use. 

New scientific researches recently conducted in various parts of the world have been based about the 

thermal mass role in building’s massive envelopes. The use of massive envelopes, in fact, is favored 

thanks to the typical thermal mass ability to accumulate heat and to give back it slowly.   

The study of vernacular architectures shows that the use of materials and shapes optimizes the relation 

between the environment and solar energy. 

Within this problematic a search has been started with the objective to know better the massive 

envelope’s performances. The results obtained, in a comparison between thermal performances of 

building’s envelope realized in three different materials, show good performances of natural stone 

masonry.  

This paper shows results obtained in a research whose objective it is to know natural stone’s influence 

as thermal accumulation in architectural design. In particular this study will be interested in: 

- wall’s thickness; 

- relation between glass surfaces and natural stone surfaces;  

- natural stone's position inside building. 

1 Introduction

In the last years, with the aim of reducing energy requirement, many European countries began to 

utilize software for buildings energetic certification. Certainly, the emanation of the European 

Directive on the energy performance of buildings (2002/91/CE) has promoted the diffusion and the use 

of these software.  



 XXXVII IAHS, Octobre 26-28, 2010, Santander (Cantabria). Spain  

 

 

Major part of European countries is characterized by a cold climate. Because of this, these countries 

have the objective of reduce energy requirement for heating. Other European countries as Italy, Spain, 

Greece and Portugal are characterized by a tempered climate. These have the objective of reduce also 

energy requirement for cooling. In Italy in 2006, for cooling, electric consumptions have been higher 

than the electric consumptions for heating [1].  

In Mediterranean area, traditional architecture is influenced by seasonal climate changes. Buildings are 

realized by massive masonries that have good characteristics of insulation and thermal inertia. Solar 

energy is captured by buildings directly, through windows, and indirectly, through massive envelopes. 

Therefore, in architectural design, it’s necessary to define specific standards with the purpose of 

optimize thermal comfort. To do this, massive elements, with function of thermal accumulation, must 

be carefully projected and distributed in space [2]. 

Within these issues in Mediterranean area, this paper shows first results of a research whose aim is to 

know the influence, in architectural design, of natural stone elements with function of thermal 

accumulation. In particular this study focuses on: 

- wall’s thickness; 

- relation between glass surfaces and natural stone surfaces;  

- position of natural stone inside building. 

2 Method of research 

This paper shows the results of thermal analyses. These have been conduct with computer simulations 

to assess thermal comfort (hourly temperature profile) and energy requirements of a specific building 

[3]. It is a two floors residential unit (Fig. 1). On the first floor there is living room, dining room, 

kitchen and a bathroom. On the second floor there are four bedrooms, a bathroom and a laundry. 

 

first level second level
0 0,5 1 2 4  

 

Figure 1: Studied building, first and second level. 

 

The research has been developed in three phases: 

1) this first phase analyzes the influence of wall's thickness in a building that is characterized by a 

massive and box-shaped envelope. The envelope will be characterized by different thickness (40, 

30, 20 and 10 cm);

2) in the second phase, the relationship between glass surfaces and natural stone surfaces will be 

studied. To do this the building considered in first phase will be modified to reach a configuration 

that has a fully glazed envelope;

3) in the third phase, the building completely glazed will be analyzed. In particular the influence of 

natural stone, with function of thermal accumulation, will be valuated changing its function inside 

the building:

- interior walls; 

- floor; 
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- interior walls and floor.

In Italy, new rules on energy saving impose a larger use of heat insulation. After this, an effective 

reduction of energy consumption for heating has been registered but also a bigger increase of energy 

use for heat insulation production [4]. Moreover, in summer time, the heat insulation produces peaks 

in temperature and overheating of the rooms creating conditions of discomfort [5, 6, 7, 8]. Previous 

researches [7, 8] have shown good thermal, economic and environmental performances of basalt stone 

masonry in a comparison between different materials as brick and concrete.  

Based on this, in this research the building’s envelope is realized in basalt stone without insulation. 

3 Results

3.1 First phase 

This phase has valuated thermal performances of the studied building changing massive envelope’s 

thickness (40, 30, 20 and 10 cm). The characteristics of the envelopes and the analyses results are 

showed on the following tables. 

 

Tables 1- 4: Characteristics of the envelopes T40, T30, T20 and T10. 

Thickness

T30 T20 T10

Thickness

T40

Thickness Thicknesscm 40 cm 30 cm 20 cm 10

U-value

Thickness

U-valueU-valueU-value

Thickness Thickness Thickness

W/mqK 3,28 W/mqK 3,62 W/mqK 4,03 W/mqK 4,56U-value

Decrement

U-value

Decrement

U-value

DecrementDecrement

U-value

hours 10,85 hours 8,53 hours 6,24 hours 3,74Decrement DecrementDecrementDecrement

Tables 5-8: Results of thermal analyses for cases T40, T30, T20 and T10. 

Tmid ° C 23,5 Tmid ° C 23,5 Tmid ° C 23,5 Tmid ° C 23,5

Tmax ° C 29,4 Tmax ° C 29,4 Tmax ° C 29,6 Tmax ° C 30,2

Cooling kWh/m² 1,1 Cooling kWh/m² 1,1 Cooling kWh/m² 1,3 Cooling kWh/m² 2

Tmid ° C 15,3 Tmid ° C 15,3 Tmid ° C 15,3 Tmid ° C 15,4

Tmin ° C 11,3 Tmin ° C 11,4 Tmin ° C 11,3 Tmin ° C 11

Heating kWh/m² 80,6 Heating kWh/m² 87,2 Heating kWh/m² 100,2 Heating kWh/m² 129,2

 midT ° C 0,9  midT ° C 0,9  midT ° C 1  midT ° C 1,6

PER kWh/m² 95,9 PER kWh/m² 103,7 PER kWh/m² 119,2 PER kWh/m² 154,0
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Legend: 

Tmid: middle temperature; 

Tmax: maximum temperature; 

Cooling: loads for cooling; 

Tmin: minimum temperature; 

Heating: loads for heating; 

 midT: medium thermal shock; 

PER: primary energy requirement. 

It’s necessary to observe that the loads represent the necessary energy to heat or cool. Instead, primary 

energy is calculated, depending on the performance’s conditioning systems, after calculating loads for 

heating and cooling. In this research, a conditioner and a heater have been used for cooling and 

heating.
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Decreasing thickness it’s possible to observe that thermal comfort doesn’t suffer substantial variations 

(Graph 1). In particular T40, T30 and T20 have very similar results. But it’s also possible to observe 

that:  

- cooling loads doesn’t change (Graph 2);  

- heating loads increase (Graph 2); 

- primary energy requirement is higher when wall’s thickness is 10 cm (Graph 3). 

Considering necessary energy for natural stone extraction, work and masonry construction it’s possible 

to prefer envelopes with 20 cm thickness. 
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Figure 2: Graphs of Thermal shock, Thermal loads and Primary energy requirement for cases T40, 

T30, T20 and T10. 

3.2 Second phase 

 

0 0,5 1 2 4

solution A solution B solution C

 

Figure 3: Studied building. Cases A, B and C. 

In this phase, buildings are characterized by envelopes with different relationship between glass 

surfaces and natural stone surfaces of 20 cm. 

 

 Tables 9-11: Results of thermal analyses for cases A, B and C. 

Tmid ° C 23,5 Tmid ° C 23,6 Tmid ° C 23,8

Tmax ° C 29,6 Tmax ° C 32,5 Tmax ° C 35,1

Cooling kWh/m² 1,3 Cooling kWh/m² 26 Cooling kWh/m² 70,8

Tmid ° C 15,3 Tmid ° C 15,4 Tmid ° C 15,6

Tmin ° C 11,3 Tmin ° C 10,7 Tmin ° C 10,1

Heating kWh/m² 100,2 Heating kWh/m² 77 Heating kWh/m² 71,8

 midT ° C 1  midT ° C 4,8  midT ° C 8

PER kWh/m² 119,2 PER kWh/m² 116,6 PER kWh/m² 155,3
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