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ABSTRACT: Quick and low-cost construction of dwellings for underprivileged people in Mexico, lead to housing 

developments without regional adaptation, because the design decisions depend in first term on costs. In extreme 

climates like the desert climate of Northwest Mexico, design strategies without climate criteria have a relevant impact 

on indoor climate and acclimatization costs.  

Design strategies include the selection of the appropriate materials for the envelope, which is the main topic in this 

article. Construction materials are selected in many cases according to the lowest price, and not taking into account 

the best thermal behaviour according to the local climate. As a construction material for walls, concrete hollow 

blocks are widely used because of their low price and short transportation from the local factories.  

In this work we analyse superficial temperatures in a dwelling made of concrete hollow blocks. It is an example of a 

large number of houses in low-cost developments. Envelope thermo graphic images are presented from different 

orientations and different solar radiation incidence. Particularly, temperature profiles from the most solar exposed 

wall are analysed and discussed. 
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INTRODUCTION  

The need for quick and low-cost construction of 

dwellings for underprivileged people means that in any 

climate in the Mexican territory, housing developments 

are designed and constructed without regional adaptation, 

using almost the same model for the whole country. In 

extreme climates like the desert climate of Northwest 

Mexico, excessive energy for air conditioning is used, 

leading to high acclimatization costs. On the other side, a 

high number of people cannot afford the cost of air-

conditioning systems and must try to adapt to high 

temperature environments. 

 

Construction materials are selected in many cases 

according to the lowest price, and not taking into account 

the best thermal behaviour to adapt to the local climate. 

As a construction material for walls, concrete hollow 

blocks (Figure 1) are widely used [1] because of their low 

price and short transportation from the local factories. In 

spite of these arguments, it is common to hear from the 

occupants that houses with block walls are usually too 

warm.  

 

In general in extreme climates, design strategies must 

be very carefully selected and applied, because they 

strongly impact on energy consumptions and in thermal 

comfort and quality of life of the occupants. These design 

strategies include the selection of the appropriate 

materials for the envelope, which is the main topic in this 

article. 

 

In this work we analyse superficial temperatures in a 

dwelling of 50 m
2
 constructed area made of concrete 

hollow blocks [2], in order to know if the thermal 

behaviour of the envelope is appropriate for the required 

thermal passive strategies for desert climate. It is an 

example of a large number of houses in low-cost 

developments. Infrared pictures are used to analyse the 

behaviour of the heat flux through the envelope. 

 

 

 
Figure 1: Concrete hollow block of 0.12 m x 0.20 m x 0.40 m, 

with two internal hollows. 

 

 

The appropriate selection of materials thermal 

properties in a building envelope leads to better thermal 
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conditions for the occupants and a conscious utilization of 

energetic resources for cooling. In tract housing 

developments, the benefits can be multiplied many times. 

 

 

METHODOLOGY 

To analyse the heat transfer through a non-homogeneous 

building element compound of two different material 

layers, like the hollow block, is not trivial. The heat 

transfer model of these components is not easy to 

calculate, but with infrared pictures, superficial 

temperatures outdoors and indoors can be seen in images 

in a colour scale, and can be measured and analysed. 

Thermo graphic images can give a visual idea of the 

thermal behaviour of the block wall and also instant 

measurements as numeric values of superficial 

temperatures of materials. They make easier to evaluate 

separately the thermal behaviour of the two parts of the 

block: the hollow space and the solid part. 

 

We have chosen one warm and sunny spring day to 

measure during 24 hours the superficial temperatures of a 

low-cost house envelope. The house had no occupancy 

and it has not any internal load due to equipment. Only 

one fluorescent lamp has been turned on during the 

monitored night. Infrared pictures have been taken every 

hour to interior and exterior surfaces of the envelope with 

different orientations. The infrared camera used is a Fluke 

Ti25. Through the camera software, the different 

temperatures of each image have been selected and 

analysed [3]. 

 

In the next paragraphs two types of analysis with 

infrared pictures are presented. 

 

 

SUPERFICIAL TEMPERATURES OF THE 

ENVELOPE ACCORDING TO ORIENTATION 

Many infrared images have been taken from he whole 

envelope each hour, indoors and outdoors. We present 

here some of them, from different orientations and 

different solar radiation incidence at noon (Figure 2). 

 

The warmer façade is clearly the South, not only at 

noon but because it has the most time of solar radiation 

incidence and due to layout characteristics of the house. 

Also the differences of superficial temperature among the 

different materials is greater, more than 10°C. In the 

North, East and West façades, differences are about 1°C. 

The last two orientations, in this case are protected from 

solar irradiance by the adjacent houses. In these images, 

the temperature of the windows and aluminium frames 

has not been considered. 

 

 

  
South façade     North façade 

 

  
Este façade (right side)   West façade (left side) 

 

Figure 2: Thermography images of the South, North, East and 

West façades of the low-cost house. 
 

 

Next we present a more detailed analysis of the 

different superficial temperatures according to the type of 

material. 

 

 

ANALYSIS OF SUPERFICIAL TEMPERATURES 

AND COMPARISON  

The most solar exposed wall (South) has been chosen and 

a central area has been selected for more accurate 

analysis. It is an area of 1.00 m wide and 0.75 m high. 

Among the 24 hs measurements, two hours has been 

selected, 12 hs and 18 hs, in order to analyse the heat 

transfer process during the morning, from outdoors to 

indoors, and during the afternoon, which is vice versa. 

 

First we present a visual analysis, and then we analyse 

the temperatures obtained from the different images. At 

Figure 3 to 6 infrared images of the block wall is 

presented with different superficial temperatures 

distributed in the selected area, taken indoors and 

outdoors at two hours of the monitored day. Furthermore, 

different vertical temperature bands can be clearly 

distinguished in the first three Figures. The horizontal 

white line in the Figures represents a section of the wall, 

which will be analysed in the next paragraphs. At Figure 

7, a schematic section of the wall is represented. It must 

be notice that the colour scale in Figures 3 to 6 is not the 

same; it has been change to allow a better visualization. 

Minimum and maximum superficial temperatures are 

reported en the Figures caption. 
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Figure 3: Superficial temperatures in a selected area of the 

South block wall. Exterior image at 12 hs. (Temperatures: min. 

44.4°C, max. 52.8°C). 

 

 

 
Figure 4: Superficial temperatures in a selected area of the 

South block wall. Interior image at 12 hs. (Temperatures: min. 

34.8°C, max. 37.5°C). 

 

 

 
Figure 5: Superficial temperatures in a selected area of the 

South block wall. Exterior image at 18 hs. (Temperatures: min. 

29.6°C, max. 33.1°C). 

 

 

 
Figure 6: Superficial temperatures in a selected area of the 

South block wall. Interior image at 18 hs. (Temperatures: min. 

36.5°C, max. 38.91°C). 

 

 

 
Figure 7: Block wall transversal section corresponding to the 

horizontal line shown in the previous images. 
 

 

The higher temperature bands in the thermo graphic 

images correspond to the three central hollows of the 

block shown at the drawing (Figure 7). The other two 

hollows at the right and left are filled by concrete and 

steel and have a different thermal behaviour not analysed 

here. 

 

With the information of these images, superficial 

temperatures can be represented as a function of distance 

in the horizontal axe of the analysed area (wide). 

Superficial external and internal temperatures distribution 

in the horizontal axe of the selected area of the wall are 

presented in the same graphs, thus at 12 hs and at 18 hs 

(Figures 8 and 9). 
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Figure 8: Superficial temperatures inside and outside a South 

block wall as a function of horizontal distance (white line in 

previous images), at 12 hs. 

 

 

 
Figure 9: Superficial temperatures inside and outside a South 

block wall as a function of horizontal distance (white line in 

previous images), at 18 hrs. 

 

 

As can be seen, the inversion of the flux direction is 

very clear: in the first part of the day (for example at 12 

hrs.), the heat flux direction is from outside to inside of 

the house, because the external superficial temperatures 

are higher than the internal. In the second part of the day 

(for example 18 hrs.), the flux is from inside to outside, 

because interior superficial temperatures are higher than 

external.  

 

It is also very clear that the superficial temperatures 

(most relevant in the external side) have several peak 

values. These peak values correspond in location to the 

hollow parts of the block. This shows the different 

amount of the heat flux in the different parts of this non-

homogeneous building element. 

 

One may assumed that the hollow part acts as an 

insulation material. Nevertheless, in this case the hollow 

part transfers heat to the other side of the wall by internal 

convection and radiation more than the solid part. Their 

behaviour is that of a thermal bridge. Thermo graphic 

images are very useful to evaluate the distribution of 

superficial temperatures. In our case, make possible to 

evaluate separately the thermal behaviour of the two parts 

of the block: the hollow space and the solid part. 

 

In order to compare the thermal behaviour of the 

concrete hollow block with another material used in the 

region, we have follow the same procedure with a break 

wall (Figure 13). Breaks are more expensive than 

concrete hollow blocks. The break wall was also South 

oriented and it is located in the same city. We will present 

here only one image (Figure 10), which show the more 

homogenous distribution of the superficial temperatures 

(temperature differences are of less than 2ªC).  

 

 

 
Figure 10: Superficial temperatures in a selected area of the 

South break wall. Interior image at 12 hrs. (Temperatures: min. 

17.8°C, max. 19.5°C). 

 

 

With the information of all infrared images taken, in 

the next graphs superficial temperatures are plotted as a 

function of distance in the horizontal axe of the analysed 

area (wide). Superficial external and internal temperatures 

distribution in the selected area of the break wall are 

presented in the same graphs, thus at 12 hrs. and at 18 

hrs. (Figures 11 and 12). 

 

The same phenomena of heat flux inversion can be 

appreciated en the graphs (Figures 11 and 12). In the case 

of the break wall are no thermal bridges, because it is a 

homogeneous construction material.  The fact that in the 

break wall the difference between external and internal 

superficial temperatures at 12 hrs. is higher than in the 
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block wall, shows also the higher temperature time lag in 

the break. 

 

 
Figure 11: Superficial temperatures inside and outside a South 

break wall as a function of horizontal distance (white line in 

Figure 10), at 12 hrs. 

 

 

 
Figure 12: Superficial temperatures inside and outside a South 

break wall as a function of horizontal distance (white line in 

Figure 10), at 18 hrs. 

 

 
Figure 13: Break wall transversal section. 

 

 

CONCLUSION 

According to the thermal passive strategies required in 

desert climates [4, 5], construction materials with low 

conductivity and high thermal capacity are good to delay 

as much as possible the heat transfer through the 

envelope from outdoor to indoor, due to the high external 

temperature oscillation amplitudes. Concrete hollow 

blocks can not fit these requirements for free running 

indoor spaces, which is the case in the majority of the 

low-cost houses, which can not afford the cost of an air- 

conditioning equipment and high operation costs during 

six months a year. 

 

Materials with thermal properties according to the 

local climate requirements should be used. Break can be a 

better option, with more thermal inertia. Other option, 

that must be analysed, could be the use of other type of 

concrete hollow blocks with other hollow distribution, for 

example with several smaller hollows, in order to avoid 

the thermal bridges. This can be a topic of further 

research. 
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