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ABSTRACT: Housing deficit has been one of the biggest concerns within the Chilean governmental policies in the last 

century. This shortage was dramatically increased due to the destruction caused by the 8.8 magnitude earthquake on 

February 2010. Simultaneously, in an attempt to increase energy efficiency and comfort conditions in dwellings, the 

recent implementation of a ‘Thermal Regulation’ established minimum compliance standards for building thermal 

performance. These challenges fostered the search for new housing solutions and alternative construction systems, been 

one of the alternatives prefabricated timber-frame systems, which may deliver high quality dwellings and can also be 

quickly built. This study evaluates the thermal performance and comfort conditions achieved by a dwelling built with such 

construction methods, using a timber-frame social-house as a case study, designed for the south-coastal Chilean climate, 

one of the most affected areas by the earthquake.  

The evaluation was undertaken utilising dynamic thermal simulations through a parametrical approach, where different 

factors such as the building envelope, natural ventilation and solar access were investigated. Additionally, the minimum 

insulation levels established by the Chilean and British building regulations were compared with the ones commonly 

utilized in timber-frame constructions. The results demonstrate that timber-frame dwellings are able to deliver good 

thermal performance in the studied climate, especially when the envelope is evenly insulated and low U-values are used. 

Nevertheless, it was found that the requirements established by the Chilean Thermal Regulation present gaps that need to 

be addressed since they may lead to poor performance and low energy efficiency.  The authors suggest that there is scope 

for improvement of these regulations and that much could be learnt from the British standards investigated. 
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INTRODUCTION  

Chile, as most of the developing countries, has faced 

issues related to housing deficit within its governmental 

policies. In 2005, this deficit was estimated to be around 

756,000 dwellings [1]. In addition, the destruction caused 

by the earthquake in February 2010 added more than 

190,000 dwellings [1] to the already existent housing 

deficit, leaving hundreds of people without a roof. 

Therefore, there is a need to build, but also, a need to 

build fast, good quality housing. 

 

In this country, most of the dwellings are made by 

heavyweight construction systems such as bricks (45%) 

and concrete (28%), being a small percentage lightweight 

construction such as timber (13%) [2]. Nevertheless, the 

recent incorporation of thermal standards within the 

building regulations since the year 2007 (regulating 

roofs, walls and suspended floors U-values), left the 

traditional heavyweight construction systems in 

disadvantage in more than half of the country, as they 

make it more difficult to comply with these new 

standards. As a consequence, there is a need for new 

construction systems that are able to offer better 

solutions that meet the new thermal requirements 

dwellings have to comply with. 

 

Heavyweight traditional systems are commonly built 

using handcrafted techniques and are, therefore, slow to 

build. Timber constructions, on the other hand, can be 

easily prefabricated, which makes it appropriate to 

provide quick solutions.  Rebuilding large parts of a 

country may also offer an opportunity to improve the 

quality of construction, taking into account the climate in 

the design and making use of environmental design 

strategies in order to improve the degree of comfort of 

the occupants with less energy consumption. The parts of 

Chile affected by the earthquake are like blank canvas 

waiting for fresh ideas for improved energy efficient 

buildings. However, the current building regulations only 

focus on the thermal transmittance of some components 

of the building envelope, and it is centred on the cold 

periods of the year, without considering the risk of 

overheating during summer, which may also cause 

discomfort among the users. 
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This investigation evaluates the thermal performance of 

timber-frame dwellings, by using a prefabricated social 

house as a case study. The selected house has been 

designed by academics from the ‘Universidad del Bío-

Bío’, as part of a ‘CYTED – VIMAD project’, which is a 

Latin-American Science and Technology Development 

Programme. The dwelling was simulated in the city of 

Concepcion, representing the south-coastal Chilean 

climate, as defined by the Chilean Norm 

NCh1079.Of2008 [3]. This area was one of the most 

affected by the 2010 earthquake and, therefore, where 

more new dwellings are needed.  

 

The aim of this study was to analyse how timber-frame 

dwellings perform in this location regarding the 

provision of thermal comfort with low energy use, and 

what are the main factors influencing that thermal 

performance. The analysis will be based in the internal 

air temperatures achieved within the building, predicted 

by dynamic simulations using Tas by EDSL. It will be 

firstly analysed as designed, in order to establish the 

comfort achieved by it as the base case scenario. Then, 

different factors likely to affect its thermal performance 

will be tested, by using a parametric approach. Firstly, 

the building envelope components will be modified to 

understand the impact they have in the overall 

performance of the dwelling, starting with the minimum 

requirements to comply with the Chilean thermal 

regulation [4], up to complying with ‘part L’ of the UK 

building regulations [5], based on the similarities 

between the UK and the south-coastal Chilean climate. 

Secondly, internal gains will be included. Thirdly, 

natural ventilation will be added; and finally, shading 

devices will be proposed and assessed. Hence, the effect 

of each of these parameters would be understood in a 

separate manner.  Additionally, the results may allow a 

comparison between the requirements established by the 

recently enacted second part of the Chilean thermal 

regulation, and the minimum standards stipulated in 

developed countries with a similar climate, as the UK. In 

spite of the cultural and economical differences of both 

countries, the comparison may be useful in order to 

establish guidelines for the future. 

 

 

THE CASE STUDY 

The case study is a typical social house arrangement in 

terms of programme and floor area (See figure 1). It was 

chosen because it is a progressive social house, which 

means that it has a very basic first stage, but it can be 

expanded in order to meet the users’ spatial needs. 

Secondly, because the traditional timber-construction 

system was modified in order to allow prefabrication. 

These two characteristics make this house suitable for the 

national reconstruction project implemented after the 

2010 earthquake, and for the current housing 

programmes aiming to address housing shortage. The 

dwelling complies with the current Chilean Thermal 

regulation, improving its minimum requirements, and it 

is located in Concepcion, Chile. The climate there is 

temperate, implying a seasonal variation of the 

temperatures, presenting both a cold and a warm period. 

Maximum and minimum temperatures are never too 

extreme, with an average temperature of 9
o
C during 

winter and 16
o
C during summer. Usually, these 

temperatures are associated with a heating season during 

the cold period and a free-running season in the warm 

one. The same pattern and similar average temperatures 

can be found in the UK. 

 
 

 
 

 

Figure 1: Drawings of the case study dwelling. Courtesy of 

Universidad del Bio Bio. 

 

The analysis is based on the indoor air temperature 

achieved during the whole year within the two bedrooms 

of the dwelling, compared with the UK comfort standard 

temperatures recommended by CIBSE [3], in the absence 

of comfort standard settled by the Chilean regulations. 

Thus, the bedrooms’ air temperature is assumed to be 

comfortable between 17 and 23
o
C. With regards to 

overheating, it is considered to be an issue if more than 

1% of the occupied hours of the year temperatures are 

above the overheating benchmark, i.e. 26
o
C. In order to 

assess and graphically explain this, the range of 

overheated hours was divided in two: below and above 

the overheating benchmark. In the same way, the hours 

below the comfort zone were divided as well, to allow a 

better understanding of the temperature variations. 

 

Simulations methodology and assumptions 

With the purpose of analysing the different factors 

influencing the thermal performance of the chosen house, 

the simulations were divided into six different ‘sets’, 

each of them compounded of two to six simulations. In 

all cases, the house was simulated with the main façade 

Ground Floor plan First Floor plan 

Section North Façade 
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facing north, in order to make the most of solar gains. 

Additionally, an even and constant infiltration of 0.5 air 

changes per hour was considered, based on the 

airtightness expected to be achieved by the studied 

construction system. Once again, the Chilean regulations 

do not establish specific requirements for air 

permeability rates. The first three sets of simulations did 

not considered internal gains or ventilation, because they 

were focused on the envelope’s ability to provide thermal 

comfort. The fourth set included internal gains, the fifth 

ventilation and the sixth shading devices. Following, the 

main criteria for each set is summarized: 

 

● Set 01 - Base Simulations: assessed the house as 

designed, stating the comparison point for all the 

following simulations. In addition, the house was 

simulated complying with the minimum Chilean Thermal 

Regulation scenario for the analysed location.  
 

● Set 02 - Envelope Improvements: modified the 

envelope components which are not regulated by the 

Chilean Thermal Regulation (i.e. windows, doors and on-

ground floors) in order to match with the regulated ones.  

 

● Set 03 - UK Standards: improved the envelope 

insulation, using the U-values established by ‘part L’ of 

the British Building Regulations.  

 

● Set 04 - Internal Gains: simulated the effect of heat 

gains due to occupancy, lighting and appliances within 

the building. The house was considered to be occupied 

by four people, two adults and two children, which match 

with the average Chilean family. The occupancy pattern 

assumed a concentration of activity early in the morning 

and later in the evening during week days, representing 

working parents and children at school. On weekends, 

the occupants are assumed to be in the house all day. The 

same schedule was used throughout the year, without 

seasonally differences. 

 

● Set 05 - Natural Ventilation: includes ventilation to the 

inhabited house to analyse its cooling effect, simulating it 

as a function of the internal temperature rise. Thus, 

functions were settled to the window to begin opening 

when the internal temperature was two degrees below the 

comfort zone upper limit (21
o
C), and to fully open when 

reaching that temperature (23
o
C). This function was 

scheduled to operate only when occupancy within the 

house, excluding night time ventilation, because it 

simulated the action of opening the window by the 

people when they start to feel hot. Therefore, it is not 

influenced by the external temperature, only by the 

indoor one. With regards to ventilation for air quality, it 

was not considered, assuming that that requirement was 

met by infiltration. 

 

● Set 06 - Shading devices: analysed the effect of adding 

mechanisms of solar control in the dwelling. The main 

criterion for its design was to reduce solar access during 

summer, specifically after noon and until sunset, but to 

fully allow solar access during the heating season. Their 

design was different depending on the windows’ 

orientation: fixed horizontal devices were proposed for 

all north windows, whereas a combined strategy between 

a horizontal device and vertical fins was used for the 

west ones. The west devices were placed in the windows 

during summer but removed during winter, as they were 

shutters, to prevent obstructing the sun access during the 

heating season, where solar gains are needed.  
 

The Table 1 summarizes the U-values established by the 

Chilean and British building regulations, and the U-

values likely to be achieved when utilizing timber-frame 

construction systems. Table 2 summarises all sets of 

simulations and specifies each of their cases. 
 
 

RESULTS AND DISCUSSION 

Firstly, a comparison can be made between the minimum 

insulation requirements demanded in Chile, the U-values 

likely to be obtained by the traditional timber-frame 

construction systems, and the stipulated U-values used in 

developed countries with a similar weather than Chile, as 

is the case of the UK (see Table 1). The first aspect 

which draws the attention is the absence of specific 

requirements for floors (unless they are suspended) or for 

windows and doors within the Chilean regulation. But 

also, the high U-value permitted for the walls when 

comparing with the British regulations or even with the 

requirements for roofs and suspended floors in the 

Chilean one. On the contrary, it can be observed that the 

stipulated U-values by the British regulations are similar 

for all the opaque building elements. It can also be 

noticed that the building envelope U-values used in the 

house as proposed are closer to the British regulation 

than to the Chilean one, regardless the non-regulated 

elements. Hence, it becomes clear that the floor and the 

windows are the thermally weakest building elements 

within the envelope of the house as designed, and 

therefore, the main cause of heat losses. This will explain 

why improving the walls, roof or suspended floor U-

values independently did not provoke noticeable benefits 

on the simulations.  

 

The first set of simulations (Figure 2) showed that even 

though the house as designed performs better than a 

minimum-regulation compliance case, it does not achieve 

the recommended thermal comfort standards by a very 

significant percentage of the year (73%), being the main 

concern the large amount of hours where the 

temperatures are below comfort (55%). However, there is 

also a considerable percentage of the year when 

temperatures are above comfort (18%), despite the fact 
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that outdoor temperatures rarely exceed comfortable 

levels.  
 

Table 1: Comparison between maximum U-values established 

by the Chilean and British regulations, and the timber-frame 

dwelling as designed U-values [4, 5].  

 

 

Chilean 
Thermal 

Regulation 

(Zone 4) 

UK Building 

Regulations 
(Part L) 

House as 

designed 

Element 
Max U-value 

(W/m2K) 
Max U-value 

(W/m2K) 
U-value 

(W/m2K) 

Wall 1.7 0.35 0.45 

Floor ─ 0.25 3.24 

Suspended 

Floor 
0.6 0.25 0.33 

Roof 0.38 0.25 0.34 

Windows 

and doors 
─ 2.2 

5.8 windows 

2.2 doors 

 

Table 2: Summary and code of the performed simulations 

 

Set Code Description 

01 

A0 
House with maximum U-values to comply with 

the Chilean Thermal Regulation  

A House as designed 

02 

A1-a 
Future SF expansion insulated from occupied 

spaces (U = 0.6 W/m2K) 

A1-b 
Ground floor improved to match suspended floor  

(U = 0.6 W/m2K) 

A1-c 
Bay window improved to match roof  (U = 0.38 

W/m2K) 

A1-d 
Window improved to an average double glazing 

(U = 2.8 W/m2K) 

A1-e All envelope improvements together 

03  

A2-a 
Walls improved to match UK building 

regulations (U=0.35 W/m2K) 

A2-b 
Roof improved to match UK building regulations 

(U=0.25) 

A2-c 
Floor improved to match UK building 

regulations (U=0.25 W/m2K) 

A2-d 
Windows improved to match UK building 

regulations (U=2.2 W/m2K) 

A2-e 
All UK standard improvements together (Part L 

compliance) 

A2-f All UK standards together and insulated from SF 

04 

A3-a House as designed with internal gains 

A3-b 
House with all envelope improvements together 

plus internal gains 

A3-c 
House with all UK standards together (SF 

insulated) plus internal gains 

05 

A4-a 
House as designed with internal gains and 

ventilation 

A4-b 
House with all envelope improvements together 

plus internal gains and ventilation 

A4-c 
House with all UK standards together (SF 

insulated) plus internal gains and ventilation 

06 A5-a 
House as designed with internal gains, 

ventilation and shading devices 

A5-b 
House with all envelope improvements together, 

internal gains, ventilation and shading devices 

A5-c 
House with all UK standards together, internal 

gains, ventilation and shading devices 

 

 
Figure 2: Annual air temperature percentages within the 

bedrooms of the house as designed. 

 

 
Figure 3: Annual air temperature percentages within the 

bedrooms after the first improvements in the building envelope.    

 

 
Figure 4: Annual air temperature percentages within the 

bedrooms after improvements in the building envelope 

matching the UK standards. 

 

 Figure 5: Annual air temperature percentages within the 

bedrooms when including internal gains. 

 

72 

51 

42 

11 

10 

13 

16 

21 

27 

1 

8 

10 

9 

8 

Ext T 

A0 

A 

01 Base Simulations 

<15oC 15-17oC comfort (17-23oC) 23-26oC >26oC 

72 

42 

42 

42 

42 

37 

36 

11 

13 

13 

13 

13 

13 

12 

16 

27 

27 

27 

27 

30 

30 

1 

10 

10 

10 

10 

11 

11 

8 

9 

9 

8 

9 

10 

Ext T 

A 

A1-a 

A1-b 

A1-c 

A1-d 

A1-e 

02 Envelope improvements 

<15oC 15-17oC comfort (17-23oC) 23-26oC >26oC 

72 
42 

40 
41 
41 

35 
29 
28 

11 
13 

13 
13 
13 

12 
11 
11 

16 
27 

29 
27 
27 

31 
34 
34 

1 
10 
10 

10 
10 

11 
13 
13 

8 
8 
9 
9 

10 
13 
13 

Ext T 
A 

A2-a 
A2-b 
A2-c 
A2-d 
A2-e 
A2-f 

03 UK standards 

<15oC 15-17oC comfort (17-23oC) 23-26oC >26oC 

72 
42 

21 
13 

7 

11 
13 

13 
11 

8 

16 
27 

39 
38 

32 

1 
10 

14 
18 

20 

8 
13 

19 
33 

Ext T 
A 

A3-a 
A3-b 
A3-c 

04 Internal Gains 

<15oC 15-17oC comfort (17-23oC) 23-26oC >26oC 



PLEA2012 - 28th Conference, Opportunities, Limits & Needs Towards an environmentally responsible architecture Lima, Perú 7-9 November 2012 

 

 
Figure 6: Annual air temperature percentages within the 

bedrooms when including internal gains and ventilation. 

 
Figure 7: Annual air temperature percentages within the 

bedrooms when including internal gains, ventilation and 

shading devices. 

 

The second (Figure 3) and third (Figure 4) set of 

simulations analysed the effect of improving the 

insulation levels of the envelope components. These 

simulations showed that making improvements only in 

some elements do not cause significant improvements in 

the thermal performance of a dwelling where there are 

still thermally weak elements on its envelope. Only when 

the envelope was improved as a whole noticeable effects 

were observed, decreasing the amount of hours below 

comfort and increasing the comfortable ones. 

Furthermore, it was detected that once the envelope is 

evenly insulated, small insulation improvements could 

provoke more noticeable benefits. Moreover, the 

progressive reduction on the U-values produces greater 

improvements in diminishing the amount of hours below 

comfort. Relating this analysis to the Chilean context, the 

findings can support the importance of regulating the 

envelope as a whole, avoiding thermally weak elements 

which may diminish the effectiveness of the better 

insulated elements. Consequently, it is important to 

achieve a balance on the envelope insulation levels, 

because when only one building element is highly 

improved, noticeable benefits are not achieved. 

 

Another observation related to the effect the envelope’s 

insulation improvements is the increment on the 

overheated hours. Although the reduction on the heat 

losses through the envelope thanks to the insulation 

increment noticeably reduces the hours below comfort, it 

also increases the ones above it. Because of that, it might 

happen that the amount of hours within comfort remain 

apparently the same, or even decrease in spite of the drop 

on the hours below comfort. Hence, when the insulation 

is improved and strategies to diminish heat gains and 

dissipate the excess of heat are not taken into account, 

overheating issues may occur.  

 

In the fourth set, including internal gains, it was observed 

that they produce an important raise on the internal 

temperatures of the building (see Figure 4), especially 

because the analysed dwelling has a high density, which 

is likely to occur in social housing. This temperature 

raise is higher when low U-values are used, because of 

the reduction on the heat losses through the building 

envelope. Thus, internal gains could provoke a 

significant drop on the hours below comfort and/or an 

important raise on the overheated ones. Hence, their final 

effect would depend on the balance achieved, being able 

to cause either an increment or a reduction on the 

comfortable periods. 

 

Natural ventilation, assessed in the fifth set of 

simulations, was shown to have a considerable cooling 

potential in the south-coastal Chilean area. Opening the 

windows when internal temperatures became too hot 

allowed reducing the percentage of hours above comfort 

between 15 and 33%, together with a noticeably drop on 

the hours above the overheating benchmark (26
o
C), 

which can be observed if comparing the analogous cases 

between Figure 5 and Figure 6. Therefore, natural 

ventilation is a viable solution to prevent overheating 

issues in this location. As demonstrated, overheating 

could be a big concern during summer, despite the fact 

that external temperatures are never too hot. This issue 

increased when higher insulation levels were used.  It 

was also observed that ventilation as assumed in the 

simulations was not able to completely solve the 

overheating issues detected in the case study. Hence, 

natural ventilation may need to be complemented with 

other strategies in order to overcome overheating in 

timber-frame dwellings in this climate. As mentioned 

before, overheating should not be an issue in this 

location. Nevertheless, due to the low thermal storage 

capacity of timber, the internal temperatures are highly 

influenced by the heat gains. Thus, when they increase, 

the material is not able to moderate them and therefore 

the internal temperatures also increase. These findings 

are in line with research focused in the UK climate 

undertaken by other authors [7-11]. 

 

The sixth set simulated the use of shading devices as a 

passive design strategy and the results showed that they 

could be either beneficial or detrimental to the thermal 

performance of the case study. Their use could diminish 

the hours above comfort and reduce or even solve 

overheating issues when they occur. But also, the 

reduction on the solar gains could raise the amount of 

underheated hours, negatively affecting comfort. 

Therefore, when proposing shading devices, it is 

important to carefully design them, to avoid a 

counterproductive effect. This can lead to the importance 

of allowing the occupants to control their environment, in 

which case the use of movable shading devices could be 
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advantageous, allowing the users to obstruct direct solar 

access only when needed. Hence, when dealing with the 

surplus solar gains, it might be more advantageous to 

store it for later use in materials with high thermal 

storage capacity, for example phase change materials 

[12]. However, this strategy was not tested in this study. 

 

 

CONCLUSION 

Based on the results summarised in the Figure 8 it can be 

concluded that a timber-frame dwelling as the analysed 

one, would be expected to achieve comfortable 

temperatures within the bedrooms around 54% of the 

year when inhabited, naturally ventilated and when using 

the proposed shading devices (A5-a). This would be 

equivalent to around 177 days if accounting the total 

amount of hours together. This period can be increased in 

26 days more when the non-regulated building elements 

are improved as in the set ‘Envelope Improvements’ 

(A5-b), and in around 11 days more when following the 

UK standards, as in the so called set (A5-c). 

Consequently, the underheated period would be 

equivalent to around 118 days if the house was built as 

proposed. This could be reduced to 85 days if the 

envelope was improved as in the ‘Envelope 

Improvements’ set and to only 56 days if it was 

improved as in the ‘UK Standards’ set.   

 
Figure 8: Simulations summary – Annual air temperature 

percentages within the bedrooms when: E1 envelope as 

designed, E2 envelope improved as in set ‘Envelope 

Improvements’ and E3 envelope improvements as in set ‘UK 

Standards’. 

 

With regard to the overheated time, the temperatures in 

the bedrooms of the inhabited house as proposed (A5-a), 

ventilated by opening the windows and using 

mechanisms of solar control, would be above comfort an 

equivalent period of 37 days, from which 15 days would 

exceed the overheating benchmark. If the house was 

insulated as in ‘Envelope Improvements’ (A5-b), the 

overheated period would increase in 7 days; plus 22 more 

days if the envelope was insulated as in the ‘UK 

Standards’ set (A5-c). However, in these two last cases 

the percentage of hours above the overheating 

benchmark only increased in 1% (3 days) comparing 

with the first case.  

 

Therefore, it can be concluded that timber-frame 

dwellings are able to achieve a good thermal 

performance in the south-coastal Chilean climate, 

especially when the building envelope is evenly insulated 

and low U-values are used, as can be observed in the 

highlighted case in the Figure 8, where 65% of the year 

temperatures are within the comfort zone. However, this 

case might not be easily implemented in Chile because of 

the costs involved. Nevertheless, it was demonstrated 

that just improving the U-values of the non-regulated 

building elements by the Chilean regulations, would 

highly improve the thermal performance of this typology 

of dwellings, being thermally comfortable 62% of the 

year (A5-b). It can also be concluded that overheating 

issues are likely to occur in timber-frame dwelling 

located in this area, which needs to be taken into account 

from the beginning of the design process. Hence, 

orientation of the spaces and location of the windows, 

among other passive design strategies, may allow taking 

the most of solar gains but reducing overheating risks, in 

addition to natural ventilation strategies.  
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