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ABSTRACT:  With global warming and the high consumption of raw materials, it becomes increasingly important to 

build with sustainable materials and passive techniques to ensure environmental comfort, thus avoiding the use of 

artificial sources of cooling or heating. The veranda, widely used in tropical countries, is a pleasant place, because it 

has a cover to protect from direct sunlight, allows natural ventilation and favours the connection with the 

surroundings. This research analyses the environmental comfort of a semi-open area in the city of Atibaia, SP, built 

as a veranda, using green roof and clay tile roof, to see how much the type of roof and the way in which natural 

ventilation is used can influence the environmental comfort without the use of artificial sources of cooling and/or 

heating. The analysis of comfort was made through two methods: local measurements and wind tunnel. The results 

showed that the green roof provides a delay of two hours and a reduction of up to 10 °C in the superficial temperature 

compared to the clay tile roof. Regarding natural ventilation, the results showed that this mode of projecting was 

effective to reduce the excessive wind speed in the semi-open area, maintaining the required natural ventilation. 
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INTRODUCTION  

With global warming and the high consumption of raw 

materials, it becomes increasingly important to build 

with sustainable materials and passive techniques to 

ensure environmental comfort, thus avoiding the use of 

artificial sources of cooling or heating. There are 

numerous ways to minimize the amount of energy 

required for heating, cooling or lighting in an indoor 

environment. The way the project is developed can lead 

to great energy savings both during construction and 

during operation of buildings. Considering the goal of 

building zero carbon homes in England, the code for 

sustainable homes incorporates nine key points; energy 

efficiency is central, mandatory as minimum standard 

[1]. The green roof is a good strategy to reduce the use of 

energy. This strategy has proved to have positive effects 

by improving the thermal comfort in the interior of the 

building [2]. The heat transference through a green roof 

is different from a traditional roof, as external climatic 

factors  - solar radiation, external temperature, relative 

humidity and wind – are reduced when passing through 

the roof leaves [3].  It causes the heat flow transmitted 

from the outside to the inside to be less and slowly 

transmitted into the interior, avoiding the use of energy 

for cooling the environment during the summer and 

heating in the winter. Besides the green roof, natural 

ventilation positively influences the control of 

environment comfort. In most cases the minimum 

ventilation rates to indoor air quality are easily reached 

and the maximum ventilation rates necessary to thermal 

control in a building are easily identified [4].  

 

 The veranda is an environmentally pleasant place to 

use in the tropical countries because it has a cover to 

protect from the direct sunrays allows natural ventilation 

and besides, favours the connection with the 

surroundings. The separations is usually formed by the 

edge of the shadow, by a fringe half-shade fringe or only 

by the limit determined by the subtle line of the floor or 

projection of the roof; these spatial characteristics add 

environmental qualities to the space, which, besides 

being shaded and ventilated is visually integrated to the 

surroundings [5]. This research aims to focus on the 

improvement of thermal comfort in a passive way. 
 

 

OBJECTIVE 

The objective is to analyse the thermal comfort of a 

semi-open residence, built as a veranda, with green roof 

and clay tile roof to verify how much the type of roof and 

the way the natural ventilation is used can influence the 

environmental comfort without the use of artificial 

sources of cooling and/or heating 

 

 

THE RESIDENCE LOCATION AND 

SORROUNDINGS 

The geographic coordinates of the city of Atibaia (SP) 

are: latitude 23º07'01"S, longitude 46º33'01"W e altitude 



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

 

803m. With 478 km
2 

it has 126.603 inhabitants, and the 

biome is Mata Atlantica [6]. Itapetinga Mountain Range 

is located between Cantareira Mountain Range and 

Mantiqueira Mountain Range, reaching the districts of 

Atibaia, Bom Jesus dos Perdões, Nazaré Paulista and 

Mairiporã. In November 1980 an area of Itapetinga 

Mountain Range of 18km² in the district of Atibaia was 

declared ecological preservation zone, by Law nº 1.726 

[7]. In March 2010 it was declared Pedra Grande Natural 

State Monument by decree nº 55.662 [8]. The residence 

is located in the Itapetinga Mountain Range, at 

approximately 1km from the recently created state park. 

It is an area with few residences and a great deal of 

vegetation. (Fig. 1) 

 

 
Figure 1: The residence location and surroundings.  

 

 

THE OBJECT OF STUDY AND THE 

MEASUREMENT POINTS 

The object of this study is a residence in the city of 

Atibaia, state of São Paulo, Brazil; a great part of its area 

is semi-open, interconnected with the garden. The 

residence has an area built as a veranda of 13,20m x 

9,20m plus a hall, a total of 136,30m² of a semi-open 

area; 6,50m² of an enclosed area – bathroom – and a 

mezzanine of 10,3m² (Fig. 2). Only the semi-open area 

(including the hall) is being studied. The higher wall of 

the area is plastered, made of concrete block. The other 

walls are made of modular brick of soil-cement, except 

two walls of the mezzanine, which are made of wood. 

Half of the roof is made of clay tile and the other half is 

green roof. There is a space between the two roofs that 

allows the passage of air. The structure of the roof is 

made of wood and the earth of the green roof is 

supported on boards of Oriented Strand Board (OSB). 

There is no concrete on the roof.  

 

 The analyses of the comfort was made through two 

ways: local measurements and natural ventilation 

analyses through wind tunnel test to verify the real 

improvement in the environmental comfort and the air 

quality in this semi-open area with green roof and clay 

tile roof; in order to verify the influence of green roof 

and the natural ventilation in this semi-open area.  

 

 To both the local measurements and the wind tunnel 

test it was necessary to define measurement points. The 

selection criterion of the points was based on the most 

used areas and also on those which, noticeably, present 

greater difference of ventilation and temperature. All the 

points are named with capital letter to differentiate from 

the names of the areas or the types of the roofs. 

Six points were defined (Fig. 2): 

 Green Roof 1 (GR1) – close to the hall;  

 Green Roof 2 (GR2) – close to the external area;  

 Tile Roof 1 (TR1) – close to the wall; 

 Tile Roof 2 (TR2) – close to the external area; 

 Hall (HA) – inner area; 

 External (EX) – used as a comparison with the 

studied points.  

  
 

 
Figure 2: The object of study and the measurement points.  

 

 

LOCAL MEASUREMENTS 

The registers of temperature, humidity and globe 

temperature were placed inside protectors made of plastic 

plates specially projected to protect the equipment from 

the rain and excessive sunlight, without altering the 

measurement results. The equipment was fixed on 

tripods at a height of approximately 1,10m from the floor 

– the average height of a seated person (Fig. 3). 
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Figure 3: Air Temperature, Globe Temperature and Humidity 

Register protected and placed on a tripod.   

 

 

 Registers of superficial temperature were internally 

placed (Fig. 4); positioned in an equivalent way under the 

two roofs, that is, in an area that receives the same 

amount of solar radiation during the day.  
 

 

  
Figure 4: Surface Temperature Recorder placed under the 

green roof and the clay tile roof.  

 

 

 It is observed that the green roof provides a delay of 

up to two hours compared to clay tile roof and up to 

approximately 9°C difference. The green roof reaches its 

hottest time at 3:00p.m. at a temperature of 32,64ºC; 

while the clay tile roof reaches its hottest time at 

1:00p.m. at a temperature of 41,18ºC (Fig. 5). 

  

 
Figure 5: Mean Surface Temperature.  

 

 

 However, this same difference cannot be noticed 

when the ambient temperature is analysed (Fig. 6).  

 

 
Figure 6: Mean Air Temperature.  

 

 

 The highest air temperatures were registered at the 

point EX and the lowest at the point HA. The highest 

difference of temperature (about 4ºC) between the points 

EX and HA happened at 1:00p.m. - 26,05ºC at HA 

instead of 30,82ºC at point EX. This is because the hall is 

in an inner area (almost enclosed) without much 

interference from the air masses of the semi-open area. 

 

 The points located in the semi-open area registered a 

similar behaviour, with very similar temperatures, 

regardless being under the green roof or the clay tile roof.  

The maximum difference observed between these points 

was of approximately 0,7°C, at 1:00p.m. - when the 

mean temperature of the TR1 point is 21,23ºC and the 

mean temperature of the GR2 point is 20,54ºC -    which 

can be considered almost insignificant, when comparing 

the clay tile roof and green roof. From these results, it 

can be inferred that, referring to the ambient temperature, 

both the green roof and the clay tile roof offer an 

attenuation of the external ambient temperature, with 

values of approximately 2,5ºC. 

 

 Therefore the roof and the existing walls serve as 

protection against the weather, demonstrating that this 

veranda model is a solution for a living room, in relation 

to environmental comfort. 
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WIND TUNNEL TEST 

To analyse the natural ventilation a model was made in 

acrylic in scale 1:45, scale in which the size of the model 

was closer to the necessary area – close to 7% of 

obstruction of the test section of the wind tunnel. The 

model was made respecting the existing openings in the 

building, including the ones existing on the trusses of the 

roof.  

 

 The model was tested in the Wind tunnel installed in 

the School of Civil Engineering, Architecture and Urban 

Design, State University of Campinas, in three different 

positions, named CA1, CA2 and CA3 (Fig. 7) and three 

different wind speed for each position – 1 to 2 m/s 

(200rpm), 2,5 to 4,5 m/s (380rpm) and 5 to 7 m/s (560 

rpm) - named 1, 2 e 3, respectively. The three positions 

were chosen between South and East, taking into account 

the direction of the dominant winds in the city. 

Subsequently, the model was placed in a mirrored 

position, as if the house had been built in a mirrored way. 

The reading was done at an interval of 20 seconds at each 

point and position. Thus, 10.000 values were generated 

for each point and position; from there, the means of 

these values were found and used to be analysed.  
 

 
Figure 7: Model placed in the wind tunnel. Representation of 

the positions tested.  

 

 In the wind tunnel test there is the need to simulate 

the speed profile and the turbulence that occurs in the 

atmosphere, according to the roughness of the surface 

where the building is inserted. This requires the 

construction and installation of different configurations 

of obstacles that generate turbulence, one to each kind of 

roughness, to accelerate the formation of the boundary 

layer and that it is fully developed along the length of the 

test section. To simulate the atmospheric boundary layer 

in the test section of the wind tunnel with a profile speed 

and turbulence equivalent to the peripheral region of a 

city, a panel with PVC fittings was made (Fig. 8). 

 

 
Figure 8: Boundary layer simulation pannel.  

 

 A sensor was placed outside the area of the model to 

be used as a reference in relation to the other points; the 

Reference point (RE). The difference between the 

positions CA 1, 2 and 3 of the model tested in the wind 

tunnel did not significantly influence the results. As the 

greatest difference of wind speed is noticed in the high 

speed only the graphics of high wind speed (5 to 7 m/s) 

are being showed in the positions CA1 (Fig. 9), CA2 

(Fig. 10) and CA3 (Fig 11).  
 

 In all cases the RE point registered the highest wind 

speed, as expected. The points GR1 and HA had the 

lowest wind speed, in both cases – actual and mirrored 

position – for the three positions. The HA point, for it is 

in a more reserved area; however, the point GR1 in spite 

of being in the semi-open area, had a great reduction of 

wind speed. It can be noticed that the higher the wind 

speed the higher the difference shown between these two 

points compared to the reference point (RE). 

 

 The greatest wind speed reduction comparing the 

point EX to the points in the semi-open area was of 

approximately 87% of the wind speed comparing the 

point EX (5,408 m/s in the position CA3) to the point TR 

(0,696 m/s in the position CA3). 

 
 

 
Figure 9: Results of model in the wind tunnel – Position CA1, 

high wind speed (5 to 7 m/s). 
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Figure 10: Results of model in the wind tunnel – Position CA2, 

high wind speed (5 to 7m/s). 
 

 
 

Figure 11: Results of model in the wind tunnel – Position CA3, 

high wind speed (5 to 7 m/s). 

 

 

CONCLUSION 

The green roof showed to be efficient to provide a 

thermal lag and to transmit a more stable temperature to 

the environment. However, relating to environment 

temperature, when the air masses are mixed in the 

environment the results of the points located under the 

green roof are similar to those located under the clay tile 

roof. In the future an analysis in a simulation software 

might establish if there might be influence on the 

temperature in case the roof were all made of clay tile or 

all the roof were green roof. 

 

 This semi-open area, built as a veranda proved to be 

effective to decrease the wind speed in the semi-open 

area and hall, an important factor to use the area, 

especially in cities where areas protected from the wind 

are needed, which is common in some regions of Brazil. 
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