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ABSTRACT: This paper presents the results of an experimental research focused on the development of a method for 

evaluating energy performance of historical building. Regarding the thermal performance of the opaque envelope, the 

difficulties arise because of not having appropriate information about the most important parameters those affect the 

thermal transmittance (U-value) of the envelope components. The national laws propose standard data of U-value 

suitable for Italian context and particularly for new constructions. The laws consider only few historical constructive 

technologies and inappropriate wall thickness and also does not include the effect of the presence of humidity inside 

the component. In the present work, a series of experimental measurements have been carried out on the thermal 

transmittance, confronting different non-invasive techniques, historical analyses, geometric surveys, infrared 

technologies, heat flow-meter measurements and sonic trial. The method has been applied on several ancient walls 

made of stone, bricks and mixed materials. It has been observed that in case of masonries, the difference among the 

standard and measured U-values varies considerably (6 to 56%). Moreover, there are substantial differences (2 to 

56%.) between calculated and measured U-values due to the presence of different thermal conductivity of bricks. 

Therefore, for the brick walls, it is not convenient to utilize the standard and calculated U-values because they 

overestimate excessively the thermal loses of opaque envelope. In case of stone walls, the difference varies 

considerably from 16 to 52%. However, as in the case of bricks, the measured values are better than the standard 

data. The differences among calculated and measured U-values vary from 22 to 58% (with 90% stone e 10% mortar) 

and from 13 to 54% (with 80% stone e 20% mortar). It has been also noted that the presence of internal air greatly 

affects the final U-value of the walls. This kind of measurements permit to calibrate better the effective thermal 

performance of ancient walls and to consider the influences of recurring elements. The data constitute a strong base 

for a correct energy diagnosis and performance in historical buildings, particularly for the evaluation of thermal 

transmission through the opaque envelope.   
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INTRODUCTION 
European Commission decided to drastically cut the CO2 

emissions and increase the share of the renewable 

sources (EPBD, 2002; EPBD, 2010). In the near future 

this process will involve a higher acceleration of the 

improvement of energy performance of the buildings, as 

well the contemporary buildings as the traditional ones, 

independently of their protection status.  

This need is particularly obvious in Italy where the 

number of old city centre is the real characteristic of the 

territory, also if we are not dealing with “monuments”. In 

any case energy re-qualification of ancient buildings 

certainly implies careful considerations, in particular for 

the listed ones, because of the risks of an inappropriate 

transformation. For energy rehabilitation of historical 

buildings, the common approach, so far, was to simply 

draw regulations containing mandatory requirements, 

often thought for new constructions. As a matter of fact, 

the situation is even worse because at international level 

the knowledge on energy behaviour of historical 

buildings has not yet been studied with respect to their 

complexity, nor there is an agreement about the strategies 

of improving performance taking into accounts the 

cultural values of the patrimony (Adhikari et al., 2011; 

Longo and Schippa, 2009). The lack of detailed studies 

and rules causes the inappropriate application of 

technologies used for new constructions. Therefore, they 

are too invasive for historical artefacts and not suitable 

for listed buildings, also without any evidence of a real 

advantage in a global sense.  

 

 

EVALUATION OF THERMAL 

BEHAVIOUR IN HISTORICAL 

BUILDINGS 
The thermal behaviour of historical buildings is 

somehow still unresolved because of the attempt to use 

the same evaluation methods and criteria used for 

modern constructions and the limited knowledge of the 

ancient building construction techniques that are far 

different from the modern ones. 
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The energy evaluation may highly contribute to identify 

the retrofit actions more suitable for historical buildings, 

balancing the needs of conservation, user’s comfort, 

energy efficiency and environmental sustainability. The 

currently available tools for energy simulation are not 

adequate for historical buildings because their features 

are hardly represented, due to the differences of 

materials, technologies and morphology from 

contemporary architectures. Main problem is to find out 

the thermal characteristics of materials and components 

in an historical building. For this reason, the main 

objective of the study was to assess the thermo-physical 

properties of some traditional envelope technologies, in 

order to provide guidance for energy performance 

evaluations in historical constructions. The problem is 

real: as the matter of fact, the application of inadequate 

models causes disadvantages for the existing buildings, 

promoting substitutions or energy improvement of 

components, without any evidence of a real advantage 

within the global energy balance.  

 

 

THERMAL PERFORMANCE OF WALLS 
The thermal losses for heat transmission of the opaque 

envelope are most important in the energy balance of the 

buildings (EN ISO 13790, 2008). The estimation of the 

thermal performances of the opaque envelope encounters 

the difficulties of non-availability of appropriate 

information for simulating the energy behaviour of the 

building with static and dynamic software and tools. The 

thermal transmittance (U-value) is the most important 

parameter for describing the thermal performance of 

building elements, and subsequently, the overall energy 

performance of a building (1). Normally, the walls 

constitute the largest surface of the opaque envelope. For 

this reason, the study focuses on the analysis of the 

thermal transmittance of walls.  

In Italy currently, the thermal performances of walls may 

be estimated with two methods. First, the Italian standard 

(UNI TS 11300, 2008) provided defined U-values of 

walls based on the compositions, materials and 

thicknesses of different construction systems. The 

calculation of the U-value is related to the thermal 

conductivity and thickness of the building materials. For 

this reason, the standard U-values are tabulated for five 

typologies of walls (brick walls plastered on both 

surfaces, stone walls plastered on both surfaces, semi-

solid bricks or tuff, concrete walls without insulation and 

cavity brick walls with a thickness from 15 to 60 cm. So, 

only two of them (bricks and stone walls) can be used. In 

the first case, the thickness defined in the standard is 

from 15 to 60 cm, while in the second is from 30 to 60. 

The standard considers only few historical constructive 

technologies and normally, the historical artefacts have 

high thermal mass and high thickness. Then, the first 

problem is related to the calculation of thermal 

proprieties of ancient walls with high thickness. 

Therefore, the tabulated data are insufficient as compared 

to actual case studies of historical buildings. 

Second, it is possible to calculate the U-values in 

accordance with the International standard (EN ISO 

6946, 2007). The method requires detailed information 

on the stratigraphy and properties of the single materials. 

For a new building the data related to thermal 

conductivity, vapour pressure resistance, and other 

thermo-physical properties have to be certified by the 

producers, while for existing buildings, these data are 

missing. For existing walls, the data must be taken from 

a database developed for present-day materials and 

construction techniques (UNI 10351, 1994). These data 

do not corresponds to the characteristic of ancient 

artefacts, especially concerning the proprieties of 

different materials (conductivity, vapour pressure 

resistance, density, thermal masses, etc.), the 

construction techniques (e.g. dry or with mortar), and the 

role of moisture and internal humidity. Specific questions 

regard the variation of the U-values of bricks and stones 

in relation to the thermal conductivity of materials and 

the percentage of mortar used. Furthermore, the 

procedure does not consider the effect of the presence of 

humidity inside the component on final energy 

performance. At the same time, in the mixed walls it is 

difficult to know (and therefore to calculate) the correct 

stratigraphy due to the many possibilities of composition 

and variation of the materials. In historical buildings, it is 

not always possible to carry out destructive tests, such as 

coring or endoscopy. In these cases, the real U-values 

can only be measured in situ but, where, generally the 

stratigraphy is not known, and therefore, it is impossible 

to compare the measured and calculated data.  

In the present work, to verify the suitability of the 

tabulated and calculated values of thermal transmittance, 

a series of experimental measurements have been carried 

out on the thermal transmittance and the related thermal 

performance parameters, confronting different non-

invasive techniques, historical analyses, geometric 

surveys, infrared technologies, heat flow-meter 

measurements and sonic trials. The method has been 

applied on several ancient walls made of stone, bricks 

and mixed materials, both in monumental and traditional 

buildings realized in different historical ages and having 

different thicknesses, materials, internal humidity 

percentages and damages. The study compared the 

national standard, with the U-values calculated and 

measured in situ. A similar kind of study (Baker, 2011) 

has been carried out for a Technical Paper of Historic 

Scotland, so it is possible to compare the data between 

the two experimental analyses (2).  

 

 

MONITORING PROCEDURE 
The in situ measurements of U-value is an useful tool for 

assessing the thermal performance of traditional building 

components, particularly where the calculation methods 

suffer from deficiencies resulting from the lack of 
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knowledge of technologies and thermal properties of 

traditional materials. The thermal performance of walls 

has been measured using the heat flow-meter 

measurement (HFM), a Non Destructive Testing (NDT) 

that permits to determine the thermal transmission 

properties of the opaque envelope directly in situ. The 

instrument is composed by a data-logger equipped with 

two or more temperature sensors (transducers) and one 

heat flux plate for measuring and registering the internal 

and external temperature and the heat flows through the 

walls. The data have been measured with a planned 

schedule defined in function of the scope of the test. For 

the experimental measurements, one traditional and one 

wireless data-logger have been used. The characteristics 

of each instrument are illustrated in Table 1. 

 
Table 1: Characteristics of the heat flow measurements 

instruments 

Characteristics Instrument 1 

(no wireless) 

Instrument 2 

(wireless) 
Number of 

temperature 

sensors 

2 sensors: internal 

and external 

3 sensors: 1 

internal and 2 

external 

Dimension of heat 

flux plate (mm) 

500x500x6 mm Diameter of 80 

mm, thickness 5 

mm 

Substrate Teflon Thermopile 

embedded in resin 

with high thermal 

conductivity  
   

 

In both cases, an adjunctive ambient temperature sensor 

has been used to verify the stability of air temperature 

and to measure the U-value or the total thermal 

resistance. The measurements have been carried out 

according to the International standard (ISO 9869, 1994) 

on a representative part of the whole element (3). The 

appropriate location has been investigated by 

thermography in accordance with standard (IS0 6781, 

1983). HFM has been conducted preferably on the north-

facing walls for avoiding the influence of direct solar 

radiation. In each case, the outer surface of the element 

was protected from rain, snow and direct solar radiation. 

Also, sensor locations have been chosen to avoid 

probable thermal bridges, influences of windows, plants, 

natural and artificial ventilation. The sensors, normally, 

have been located about half-way between window and 

corner, and floor and ceiling. Internal sensors have been 

mounted for minimizing the influence of solar radiation, 

heat sources, users, etc. The monitoring period was 

chosen to provide a stable average of the U-value (Baker, 

2008 and 2011) which takes into account the thermal 

inertia of the walls. The increase of the length of the 

monitoring period in the walls with high thickness 

improves the final results. The 72 hours of monitoring 

period recommended by the standard (ISO 9869, 1994) is 

insufficient for the historical walls. For this reason, in 

order to improve the reliability of the results, the test has 

been conducted continuously for 90-120 hours, with a 

climatic stability. In the walls with a thickness from 100 

to 160 cm, the test has been conducted continuously for 

180-220 hours. Fig.1 shows the effect of length of the 

monitoring period on the final results. 

 

 
Figure 1: The increase of the length of the monitoring period of 

the thermal transmittance in the walls with high thickness 

improves the final results.  

 

 

CASE STUDIES 
The selected case studies are representative of the 

historical construction techniques in the Lombardy 

Region. Despite the geographical area is relatively wide, 

the walls are very different. As it is known, in the past 

the real cost of the building was related to materials and 

not to labour. The raw material was always found locally. 

So the area around Milan, it was common to use the 

bricks for easy supply of clay and the numerous and 

documented presence of active furnaces. In the area of 

Como, the most frequently used material is the stone and 

in the area of Bergamo we found both solutions (Pracchi, 

2008). We can also find mixed techniques of bricks and 

stones, where usually the use of brick is made to adjust 

the growth of the wall. The Lombardy Region 

(particularly the areas near lakes) is rich in furnaces for 

the production of lime, necessary for the mortar used 

both for the joints and the mixtures of the plaster.  

For each material, several representative buildings have 

been selected, belonging to different historical ages and 

uses. Particularly, the analysis sample consists of 22 

buildings (and 23 walls) located in the Lombardy Region 

and built in different periods ranging from XII-XIX
 

Century (4). They are used for cultural, residential and 

tertiary functions, as described below: museums (4 

buildings), churches (5 buildings), libraries (1 building), 

university (1 building), convent (1 building), residences 

(2 buildings), offices (7 buildings but 8 walls) and mixed 

(1 building for conferences and exhibitions). Among the 

selected buildings, 14 are of brick walls (thickness 46-

110 cm), 7 are of stone walls (thickness 56-100 cm) and 

2 are of mixed walls (thickness 67-100 cm).  

To obtain a sufficient temperature difference between 

indoor and outdoor, it was necessary to select only 

heated buildings. In these cases, humidity was not so 

high. The moisture problems remain, however, in the 
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unheated buildings, that represent a major part of the 

historical Italian buildings (Table 2).  

 
Table 2: Characteristics of the walls studied 

Building Use of the 

building 

Walls 

Century Stratigraphy Thickness 

(m) 

Brick masonries 

1 Church XV P/B/P 0.46 

2 House XIX  P/B/P 0.46 

3 Convent XV P/B 0.515 

4 Church XV P/B/P 0.52 

5 Museum XVI P/B/P 0.54 

6 House XIX  P/B/P 0.58 

7 Church XIII  B 0.60 

8 Offices XIX P/B/P 0.64 

9 Offices XX  P/B/P 0.65 

10 Offices XIV  P/B/P 0.67 

11 Museum XVIII  P/B/P 0.68 

12 Church XIV P/B 0.70 

13 Offices XIX P/B/P 0.80 

14 Museum XV P/B/P 1.10 

Stone walls 

15 Conference/ XVIII P/S/P 0.56 

16 Offices XVI P/S/P 0.58 

17 Library XIV P/S/P 0.68 

18 Offices XVI P/S/P 0.70 

19 Museum XVII P/S/P 0.72 

20 Church XIV P/S/P 0.80 

21 Offices XVI P/S/P 1.00 

Mixed walls 

22 University XVI P/MW 0.40 

23 Offices XVI P/MW/P 0.67 
Note: 

P = plaster       B = bricks       S = stone          MW = mixed wall 

     

 

In some of these buildings, Non Destructive Testing 

(NDT) has been used to investigate wall’s composition, 

stratigraphy, surface finish, density, decay, internal 

moisture, and water absorption. This method of detection 

of the thermal properties of walls (Lucchi, 2012) has 

been used experimentally for evaluating the thermal 

performances of walls. It should be mentioned here that 

this method is not used in daily restoration practise 

because it takes long time, high cost, and higher level of 

technical expertise. Particularly, visual testing shows 

damages, failures and inefficiencies of the walls, allow 

knowing the surface finish, water absorption and 

damage. Only in few cases the historical analyses 

provide information on age, constructive techniques, and 

characteristics of materials. In most of the cases, infrared 

thermography revealed the most important energy 

problems related to thermal bridges, low performances of 

envelope, air leakages, decay, moisture, water 

percolation, and losses. The test also has been used to 

identify the areas for localizing the HFM. In parallel, 

only in two cases, the sonic trial allowed to obtain a deep 

knowledge of physical and mechanical conformation of 

the walls, regarding composition, density, grain size and 

porosity of the structures. Finally, destructive tests 

(samples) permitted to know the stratigraphy and the 

compositions of some masonry.  

The comparison among these different analyses provides 

more precise information on wall’s characteristics. Based 

on this method, in some bricks masonry we have 

improved the knowledge of the stratigraphy of any single 

material. In stone and mixed walls, it was not possible to 

make a similar analysis because no sufficient information 

of thermal proprieties was available. In stone walls, the 

historical analyses and the visual testing permitted to 

identify the type of stone used (Moltrasio stone) but not 

the specific percentage of mortar contents. In these cases, 

it is not possible to exclude that the percentage of mortar 

may influence the final results. The complexity and the 

variety of mixed walls do not afford to generalise the 

result obtained. For this reason and for the small sample 

of cases, no further investigations on mixed walls were 

carried out. 

 

 

RESULTS 
The results obtained are different depending on the type 

of walls. In bricks masonries it has been possible to make 

two different types of comparative analyses.  

First, we compared the measured U-values with the 

tabulated values provided by Italian Standard (UNI TS 

11300, 2008), only for masonries with a sizes from 45 to 

60 cm. The difference among the standard and measured 

U-values varies considerably in the range of 6 to 56% 

(Table 3). In most of the cases, the measured values are 

better than the standard data. This is a usual situation 

because the standards, considering a vast range of cases 

and for security reasons, contain more restrictive data 

than the real one. The overestimate of standard data 

confronted to measured data has been demonstrated also 

by the energy consumption analysis carried out in the 

same buildings. Second, destructives analyses were 

realised in five kinds of brick masonries. In these cases, 

the dimensions of bricks and the percentage of mortar 

were considered and it has been possible to calculate the 

U-values in accordance with the International standard 

(EN ISO 6947, 2007). For the calculations, the thermo-

physical data of bricks have been taken from the Italian 

standard (UNI 10351, 1994). In the masonries, there are 

substantial differences between calculated and measured 

U-values due to the presence of different thermal 

conductivity of bricks (= 0.25-0.90 W/mK). The 

differences among these data vary from 2 to 56%. Also 

in this case, the measured values are better than the 

calculated data. The calculation has allowed us to verify 

that the percentage of mortar do not affect the final U-

value (± 3-4%). This is due to the similar values of 

thermo-physical properties of bricks (= 0.72 W/mK 

with a density of 1800 kg/m
3
) and mortar ( = 0.9 

W/mK). The analysis has not shown any correspondence 

between historical ages and thermal performances of 
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bricks. In Table 3, the standard, calculated and measured 

U-values of bricks masonries are reported.  

 
Table 3: U-values standard, calculated and measured in bricks 

masonries  

Building U-values (W/m
2 
K) 

Italian Standard 

(UNI-TS 11300) 

Calculated 

(EN ISO 6946) 

Measured 

(ISO 9869) 

1 1.25 1.242 1.153 

2 1.25 1.242 0.802 

3 1.14 1.134 0.608 

4 1.14 1.125 0.782 

5 1.07 1.087 0.470 

6 1.25 1.029 0.802 

7 1.04 1.000 0.982 

8 - 0.967 0.920 

9 - 0.935 1.029 

10 - 0.912 0.708 

11 - 0.900 0.615 

12 - 0.878 0.686 

13 - 0.788 0.848 

14 - 0.590 0.572 
Note: 

■  = The stratigraphy of the walls was known 
    

 

For the walls, made of bricks it is not convenient to 

utilise the standard and calculate U-values because they 

overestimate excessively the thermal loses of opaque 

envelope.  

In the stone walls, it was not possible to make a similar 

analysis because the thermal properties of stones are very 

different. The U-values calculated in the Italian standard 

are based on the average value of thermal conductivity of 

stones and do not coincide to Moltrasio stone. The 

difference between standard and measured U-values has 

been calculated only for two walls having a thickness 

less than 60 cm. The difference varies considerably from 

16 to 52%. However, as in the case of bricks, the 

measured values are better than the standard data. In this 

case, there were not Destructive Testing but the 

information on the composition of walls has been 

obtained from the past studies on local constructive 

techniques in some walls (Lodigiani et al., 1993). In 

absence of the data,  the thermo-physical properties of 

Moltrasio stone have been considered as similar to 

limestone (UNI 10351, 1994) and sedimentary rock (UNI 

EN 1745, 2005) (Table 4).  

 
Table 4: Thermo-physical proprieties of Limestone and 

Sedimentary rock 

Thermo-

physical 

property 

Limestone 

UNI 10351:1994 

Sedimentary rock  

UNI EN 1745:2005 

Density 2700 kg/m3 2600 kg/m3 

Thermal 

conductivity 

2.9 W/mK 2.3 W/mK 

    

The thermal conductivity of stone walls is calculated as 

an average of two values. The calculation has allowed us 

to verify that the percentage of mortar present in the wall 

affect the final U-value. This is due to the differences of 

thermal conductivity of stone ( = 2.6 W/mK) and 

mortar ( = 0.9 W/mK). As it can be seen the differences 

are very relevant. So, it is difficult to find reliable data.  

Table 5 shows the standard, calculated and measured U-

values of stone walls.  

 
Table 5: U-values- standard, calculated and measured in stone 

walls  

Building U-values (W/m
2 
K) 

Italian 

Standard 

Calculated Measured 
Stone 90 % 

Mortar 10 % 

Stone 80 % 

Mortar 20 % 

15 2.11 2.348 2.143 1.766 

16 2.00 2.298 2.095 0.968 

17 - 2.080 1.886 1.170 

18 - 2.041 1.849 1.012 

19 - 2.004 1.814 0.568 

20 - 1.867 1.684 2.280 

21 - 1.595 1.429 1.247 

     

 

The differences among calculated and measured U-

values vary from 22 to 58% (with 90% stone e 10% 

mortar) and from 13 to 54% (with 80% stone e 20% 

mortar). Also, it has been noted that the presence of 

internal air greatly affects the final U-value of the walls. 

The difference between calculated and measured data 

may be due to the presence of air, linked to the 

manufacture and the installation of the masonry. It 

should be noted here that in all cases, it has not been 

possible to estimate the influence of moisture and 

relative humidity since all the buildings studied in the 

present study are heated and operated buildings, always 

in good conservation condition.  

In the similar way, a recent study (Baker, 2011) on U-

value measurements demonstrated that the U-values can 

vary significantly from one to another building, and also 

within one building itself. In both cases, standard and 

calculated methods tend to overestimate the U-values 

compared with the results of in situ measurements. It is 

not possible to make other comparisons on the obtained 

values as technologies and stratigraphies are very 

different.  

 

 

CONCLUSION 
The knowledge on energy behaviour of old buildings has 

not yet been developed in an adequate way nor there is a 

satisfactory dissemination of pilot experiences 

considering also simple solutions inspired by traditional 

techniques. The state of the art shows the relevance of 

the topic at international level as well as the lack of a 

comprehensive theoretical development and therefore the 

need for a number of new research studies to be carried 

out with attention to international experiences and best 

practices. The appearance of the energy performance of 
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the masonry is particularly relevant in Italy because the 

national laws (D.lgs. 192, 2005; D.lgs.311, 2006), for the 

retrofit actions, imposes the achievement of minimum 

standards of thermal transmittance of single wall, without 

specifying a systemic analysis. For this reason it is 

necessary to have a good knowledge about the thermo-

physical parameters of the building envelope. The heat 

flow-meter measurement can produce more reliable data 

for the part of the wall in which the measurement has 

been performed, but this value could be significantly 

different from other part of the same wall due to the 

different building techniques, material used, moisture 

contents, etc. The work presented in this paper is just a 

first part of a wider research, and it is necessary to 

improve the number of measurement to have significant 

data. Therefore, the final goal of the study is the 

development of a new energy simulation tool dedicated 

to historical buildings, with more appropriate data and 

with the implementation of a specific library related to 

thermo-physical properties of building envelope 

components, especially, referred to ancient construction 

techniques.  
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NOTES 
1. The U-value is a measure of how much heat will pass 

through one square meter of a structure when the temperature 

on either side of the structure differs by 1 degree Celsius. 

2. The studies may be compared because they adopt the same 

international standard for heat flow-meter measurement.  

3. The procedure was utilised in similar researches realised in 

other Countries (i.e. National Scotland) or dedicated to modern 

buildings (i.e. Ferrara). 

4. The masonries studied are in the subsequent edifices: 1 

Chiesa di San Rocco. Cornaredo; 2 Casa a ringhiera. Milano; 3 

Convento del Carrobiolo. Monza; 4 Chiesa della Purificazione. 

Caronno Pertusella; 5 Museo Nazionale della Scienza e 

Tecnologia. Milano; 6 Palazzo Ottocentesco. Milano; 7 

Duomo. Monza; 8 Istituto dei Ciechi. Milano. wall thickness of 

64 centimetres; 9 Politecnico di Milano. Milano; 10 Palazzo 

Reale. Milano; 11 Villa Reale. Milano; 12 Chiesa di Santo 

Stefano a Lentate; 13 Istituto dei Ciechi. Milano. wall thickness 

80 centimetres and 14 Pinacoteca di Brera. Milano. The stone 

walls studied are in the subsequent edifices: 15 Villa Olmo. 

Como; 16 Palazzo Giovio. Como; 17 Palazzo Erba Odescalchi. 

Como; 18 Palazzo Natta. Como; 19 Palazzo Volpi. Como; 20 

Chiesa di San Francesco. Como; 21 Palazzo del Municipio. 

Como;. The mixed walls studied are in the subsequent edifices: 

22 Sant’Alessandro University and 23 Monastero del Lavello 

Calolziocorte. 
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