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Abstract  
 Sri Lanka, being in a hot humid region, indoor comfort is an important issue mainly 
in the hot dry season. The modern construction sector of the country was mainly 
directed to active climatization and that has made the trend to invest heavily in 
expensive modern building materials which are heat generating sources for inner 
volumes. 

In absences of the compulsory energy code, it is the responsibility of building 
designers to optimise the use of energy in building through an appropriate design 
process. Architects have been forced to give more attention to passive climatization 
than the active by those concepts. This study is an attempt to improve indoor 
thermal comfort of a hospital building located in a North Eastern Province in Sri 
Lanka by evaluating the impact of several materials, orientation. Colour, shading 
devices almost towards the passive acclimatisation to provide the suitable comfort 
levels, using the modern soft ware DEROB. The simulations were done using 
different parameters and the combination of all positive parameters were used to 
create the “best module” which reflected the 4ºC reduction of operative temperature, 
that helped to create a better indoor comfort level. 

 
 

Introduction 
In Sri Lanka, where the weather is normally hot and humid, architects have to pay 
more attention to the energy efficiency aspects in built environment process to 
provide an appropriate comfort levels.  

The need of design buildings with fabric and services, based on an energy 
efficiency and related to the climatic needs of the country, which varies form 30ºC 
(lower region) to 16ºC (higher region) an average requires considerable inputs from 
the architects at the design stage. As in a developing country architects have tried to 
improve the traditional methods, which were well adapted to the climatic conditions 
but were unable to achieve targets with modern building methods materials, 
construction techniques and facilities. 

On the other hand, the prevailing power crisis presents a greater challenge to the 
architects in their built environment process. High temperature and humidity levels 
are also not in favourable limits to minimise the usage of energy to achieve the 
appropriate targets. In order to find the proper ways, to work with this task, 
designers in public sector who are engaging with public buildings have decided to 
pay more concern to passive design strategies. In public sector buildings, the 
designers who are engaging with hospital designs also demand this methods and 
technologies to provide maximum thermal comfort levels .  

 This exercise also attempts to assess the thermal comfort and compare it with 
different parameters to emphasise the passive design techniques.  
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HDM – Housing Development and Management 
Lund University, Sweden 
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Background 

Geography 
The tropical island, Sri Lanka is situated close to the equator, at the southeastern part 
of the Indian sub-continent, between the latitude 5° and 10° North, longitude 79° 
and 82° East. It has a maximum length of 435 km from North to South and its widest 
point measures 225 km from east to west providing a total land area of 65600 km2. 
Its topography varies from the South Central Hill country of over 2000m elevation 
to the coastal plains right round the island and the maritime zone extends over an 
area of 517,400 sq.km of Indian Ocean. The capital of Sri Lanka is  Sri 
Jayawardenapura-Kotte, Administrative City while Colombo is the main commercial 
city with highest urban population.  

 

 

 

 

 

 

 

 
Figure 1: Sri Lanka, the tropical Island. Climate 

Climate 
Sri Lanka has a hot humid climate. The south central higher land of the country 
determines its climate and it is modified by ocean winds. Central mountains act as 
barriers to the force of the southwest monsoons and bring heavy rains to the 
southwest region of the country and the central highlands. Therefore the southwest 
part is known as the wet zone-warm humid with heavy rainfall. March and April are 
the warmest months of the March and April and the warmest months of the years 
and the December-January are the coldest months of the region. Temperature varies 
from 23–32°C however average temperature considered on 28°C. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Geography and the population distribution of Sri Lanka. 
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The annual rainfall around 2,000 mm during the month of June and the relative 
humidity of 75–88% generally experienced on this region. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 3: Average annual rainfall and temperature 

The North-east side of the island particularly lowlands, is much drier and get rainfall 
between October and January with the North-east monsoon this area and the North-
eastern part of the hill country are called dry zone - warm humid with low rainfall. 
The dry season can be experienced from May to September and the temperature 
varies from May to September, and the temperature varies between minimum of 
21°C and maximum of 35°C through the year and the humidity is range between 
68% and 91% the regional average rainfall can be considered as 1,875 mm.  

The area fall over 3000m above mean sea level is called hilly zone - cool with 
heavy rainfall and low temperature and low humidity can be experienced in the 
region. The mean maximum varies from 23°C to 28°C and the mean minimum 
varies from 10°C to 14°C due to high latitude. Considering the island wide climate 
conditions the mean temperature range from low of 15°C to a high of 29°C and the 
average yearly temperature for the country as whole ranges from 26°C to 28°C. The 
day and night temperature vary from 4°C to 7°C. 

Architecture 

Traditional Architecture 
Sri Lanka was a land throbbing with vitality and a well-ordered civilisation. The 
traditional Sri Lankan Architecture could be divided into two main categories 
mainly the public and the private. Civic Architecture could be further sub divided 
into buildings for the Kings and the monastery complexes for priests. Private 
architecture could be sub-divided into the dwelling of the ordinary folk and those of 
their chiefs. The Kings of Sri Lanka caused the building of palaces for their pleasure 
and monuments to their faith, the general public contributed by way of direct labour 
or by way of taxes. The dwellings of the ordinary folk were of mud & straw, 
humble, in which appearance is sacrificed for conveniences and economy. The 
house of chiefs was of mud with tiled roofs. It should be evident that Sri Lankan 
traditional architecture, a tradition that has been continuous from the dawn of 
civilisation has been based on very sound ecological principles. The dwellings have 
been self-sufficient in that they were built with materials available on the plot of 
land or in the immediate environment. So those were organic and blended with the 
nature. 
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Many of our settlements are agricultural or craft based. The traditional, rural 
architecture of the settlement patterns reveal that the earliest settlements were 
located in areas where water was readily available. Those villages could be divided 
into four main types. The tank fed, the rain fed, the hill country villages and the 
temple villages. There were number of dwelling types used by the rural folk, they 
range from the very basic open hall dwelling units to the multi courtyard house. 

 
 

 
Figure 4: The Traditional courtyard house. Plan and section. 

The basic floor plans of these houses were rectangle; single room colonnaded 
veranda is the most common. The plinth in traditional houses is  raised 2–3' above 
the ground to provide protection against the rising damp. The framework of the roof 
was made out of timber and the roof covering was made of either cad Jan, straw or 
clay tiles. The roofs were steeply pitched and have wide overhangs to shed the 
rainwater quickly off the surface and to protect the walls from getting wet. Doors 
and windows were of minimum size. The walls were either timber framed with 
wattle and daub infill, rammed earth, and traditional compressed earth blocks. The 
use of mud or earth as a walling material produced a structure, which was ideally 
suited for the climate. 
 
 
 
 
 
 
 
 
 
 
Figure 5: A traditional folk village and a council chamber at Polonnaruwa. 

In the Buddhist temples, the concept of open living space can be seen. Buddhis t 
temple complexes belong to two main categories, the Vihara and the Devala. 
Generally Buddhist temple complex composed of a shrine room, congregation hall 
and monk’s house, a monastery. A Devala though used by Buddhist, it is a temple 
complex for the worship of a Hindu god or local Sri Lankan daity. The living 
quarters of the monks were very often a courtyard building and the congregation hall 
was always an elevated open pavilion with a steep hip roof supported on carved 
timber columns. The hall was the place of public gathering in the temple and the 
shrine room was the only enclosed building in the Buddhist temple. 
 
 
Figure 6: 
Layout plan – Historical ruins of a traditional hospital 
Polonnaruwa -Sri Lanka. 

 
Figure 7 (right bottom): A rock temple at Dambulla. 

 
 
 
 

Figure 4-1.A timber building -
resting place (tp right corner) 
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During the last four centuries colonial ruled and the subsequent urbanization have 
led to new social and functional activities, and made a trend to crate new features, 
characters to the building types, unknown to traditional Sri Lankan traditional 
society. However these colonial builders had a good understanding of local climate 
many of those buildings were arranged around courtyards and the doors & windows 
were opened to open verandas around the buildings. During Dutch period churches, 
hospitals  and some public buildings were constructed with arches, colonnades and 
high-pitched roofs. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8: Hospital buildings, Dutch period. 

During the British period large office building complexes were built around 
Colombo, generally those were two-storied building with a courtyard, arcades at 
both levels front and rear. These courtyard layout provide the cross ventilation to 
almost all the rooms. Because of the colonial influence the tradition architecture of 
Sri Lanka and the construction materials, techniques were gradually changed and 
modernized to suit with the modern trend. 

 

 

 

 

 

 
British period house. 

 

 

 

 
Figure 9: Buildings from colonial period. A public building. 

Modern Architecture 
At the 1970’s with the open economy the new trend was begun not only the 
construction methods but the lifestyle of the people also became materialized with 
the construction boom. Most of suburban and cultivated land areas were rapidly 
urbanized. To control that, the Sri Lanka Government introduced series of 
regulations regarding planning zoning and construction of buildings with natural 
lighting and ventilation. However the modern building material dominated the 
contemporary architecture in most urban and metropolitan areas, mainly in 
commercial centres. Aluminium frames with various types of glasses were 
extensively used for facades & curtain walls in commercial building. 
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Figure 10: A modern shopping complex in Colombo. 

Granite and terrazzo were used to replace the traditional clay tile flooring. Asbestos 
roofing sheets, Zinc/Aluminium sheets with mineral wool or glass fibre insulation 
was replaced on the covering material for the traditional clay tiles. It seems that the 
modern building materials should be used without disregarding the local climatic 
conditions to keep the comfort levels and eco- friendly development  

 
 
 
 
 
 
 
 
 

 
 
 
 
Figure 11: Eco- friendly architecture, a house at Kandy. 

The Project 
Central Engineering Consultancy Bureau was selected to develop the Base Hospital, 
Ampara, which is situated in dry zone area of North East province. The requirement 
was to provide medical facilities to the township and surrounding areas, which faced 
hardships due to past ethnic problems. 

As a project Architect, it was necessary for me to prepare master plan and 
detailed drawings with other consultants within stringent budget to cater for the 
immediate needs. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 12: Perspective View of the building. 

Due consideration was given to the climatic conditions. The knowledge about 
passive building techniques and tools for climatic designs will have to be used, when 
deciding overall concept of the project, the layout and orientation of the buildings, 
the shape and character of the structure, space between buildings and enclosed 
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volumes to provide maximum comfort levels and eco-friendly energy saving 
building complex to the users. 

Historical Significance 
The independent Sri Lanka, with the colonization schemes such as Galoya (River) 
project, Ampara District had a boom in the agricultural sector producing up to now 
the highest paddy harvest of the whole Island. Major irrigation works feed this 
fertile land for it to remain the most successful agro-economic area. 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 13: Proposed Layout plan General hospital Ampara. 

The surgical wards complex has been selected and simplified for these simulations. 
(The three storied building complex with a centre courtyard-at right bottom.)  

Location and Site 
Ampara is located 350 km East of Colombo in the dry zone of the Eastern Province 
(E.P.). The Eastern province comprises three districts namely Ampara, Baticoloa 
and Traincomalee. 

The General Hospital of Ampara is at an important location in the city occupying 
a total land area of 16 hectares. 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Figure 14: Typical Building Layout-Proposed. 
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Figure 15: Common features of hospital  Buildings in Sri Lanka. 

Climatic Factors 

Temperature 
According to the bio climatic charts Ampara area does not have wide variations in 
temperature. The average temperature difference between hottest month and the 
coldest month within a year does not exceed 10°C. The amplitude between day and 
night is about 4–8°C. 

Relative Humidity 
Relative humidity is always high during the daytime and night the maximum 
monthly relative humidity is in during January–February and November–December. 
Maximum and minimum monthly relative humidity always lies in 68–85% ranges. 
Relative humidity is higher at night than at day (opposite of temperature). 

Rainfall 
Ampara gets its highest rainfall is 399 mm per month during the month of December 
and lowest rainfall that is 24 mm during the month of June. Annual rainfall is about 
1,726 mm. 

Solar Radiation and Sunshine 
In every month Ampara gets sunshine, more than 6 hours per day and it is more than 
8 hours per day from March to September.  Therefore the solar radiation is very high 
in the Ampere area. But because of high humidity, large part of the solar radiation 
comes as defuse radiation. 
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Table 1: Climatic data sheet-Ampara, Sri Lanka. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Problem 
Sri Lankan tradition architectural buildings were developed through an evolution 
process. Those form, shapes and materials, mainly the building volumes were 
uniquely developed for the specific unique environment. More attention was given 
to the building layouts to provide natural ventilation and lighting in design process 
according to the function. As the land value goes up, the scattered low-rise 
developments specially the layout plans of the hospital building were dramatically 
changed. For the high- rise multy storey building complexes were introduced. The 
modern multy storey hospital buildings, which were, consist of deeper interiors and 
floor-to-floor heights were not increased proportionately and the most of them were 
artificial lit and ventilated. The artificial lighting not only consumes more energy but 
also increase the internal thermal loads. The high capital investment s and heavy 
operational and maintenance cost of the public hospital buildings made a trend to 
find the proper ways to optimise the internal thermal loads. On the other hand those 
buildings were provided more floor spaces by avoiding conventional shading 
solutions and inappropriate solutions of modern building materials, which results in 
heavy thermal loads ventilating. As a result of that, the occupants consumed more 
electricity. Therefore problem statement of this paper is that architects have to pay 
more attention about the passive design techniques in design processes to provide 
the appropriate thermal comfort Levels mainly in public sector buildings to optimise 
the energy needs, for thermal comfort, which has a great impact of the national 
economy in a developing country like Sri Lanka. 

Aim of the study  
The purpose of this study is to find the internal thermal behaviour and to provide the 
max.thermal comfort to the multy story hospital complex under the climatic 
conditions of Ampara Sri lanka, with the help of the DEROB computer package. 
The thermal analysis’s counted out for one month representing extreme climatic 
conditions, which occurs in the N-E province of the Sri Lanka. The thermal 

Station:
7 °
7 m

Solar analysis
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Sunshine hours/day
real 6.40 7.90 8.80 8.60 8.40 8.40 8.00 8.30 8.20 7.50 6.70 5.60

max. 11.64 11.78 11.97 12.17 12.33 12.41 12.36 12.22 12.03 11.83 11.67 11.59
55% 67% 74% 71% 68% 68% 65% 68% 68% 63% 57% 48%

Radiation MJ/m²day

Temperature analysis °C
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Extreme Max 31.4 33.6 35.4 36.6 37.4 38.2 37.4 37.8 37.6 36.2 33.3 32.1
Diff. 6.1 7.9 8.6 8.6 8.5 8.7 8.1 9.2 9.3 8.9 7.1 6.6

Mean Max 27.5 28.2 29.7 31.1 32.4 33.6 33.2 32.5 32.1 30.6 29 27.8
Mean 25.35 25.7 26.8 28 28.95 29.5 29.35 28.65 28.35 27.35 26.25 25.5
Mean Min 23.2 23.2 23.9 24.9 25.5 25.4 25.5 24.8 24.6 24.1 23.5 23.2
Extreme Min 17.1 17.4 19.1 21.7 20.9 21.2 21.1 20.6 20.4 20.4 18 19

Diff. -8.25 -8.3 -7.7 -6.3 -8.05 -8.3 -8.25 -8.05 -7.95 -6.95 -8.25 -6.5

Precipitation Analysis mm/month
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Maximum 1365.8 661.2 448.1 291.8 224 90.9 223 211.1 281.2 563.6 880.9 1312.9
Average 239.2 148.2 107 80.9 70.5 24.6 52.3 53.9 101.2 171.8 277.9 399.2
Minimum 2.3 0 0 0 0 0 0 0 0.5 20.6 76.2 88.6

Humidity Analysis %
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Mean Max 84 84 83 81 75 68 69 71 73 79 85 85
Average 81 80 79 78 73 69 69 71 73 79 82 83
Mean Min 78 75 74 75 70 69 68 70 73 78 79 80

Wind Analysis Direction and speed: m/s
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Prevailing W NE NW W W W
Speed 14 13 11 10 9 9 10 10 10 10 10 13
Secondary NE NE NE E E SE SE SE SE SE NE NE

Latitude:
Altitude:

Ampara - Sri Lanka
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performance and the method for improving thermal comfort also investigated by 
changing the Orientation of the building, using various building materials, colours, 
shading devises with the help of the same com. package. The aim of the study is to 
provide a comfortable indoor environment without using any axillary heating or 
cooling systems. 

Method 
When providing solutions, to the thermal problems of an environment, it is essential 
to study about climatic dates, biological evaluations, comfort requirements and 
technical requirements. The orientation of the site, building forms, layouts, has also 
been taken into account to get the accurate shading and thermal calculations. 

Analytical tools 
There are quiet a few traditional design tools available for climatic designs. These 
tools are useful to obtain a broad understanding of the climatic conditions and basic 
approach to the building design and its interior climate. The following tools were 
used in this study. 

a) Traditional tools 

Mahoney tables 
Mahoney tables provide preliminary recommendations on layout, openings, wall, 
roof and floor constructions and protection of openings. 

Givoni’s bio climatic chart 
This diagram indicates the prevailing climatic conditions in relation to comfort zone 
and active climatization requires under the prevailing conditions. The Givoni’s 
diagram indicates that climatic conditions in Ampara are above comfort zone 
through out the year and dehumidification is desirable. 

b) Modern tools 
Many computer programmes for climatic designs have been developed during recent 
times and the following programmes were available for this study: 

• PFS for simulation of air- flow and ventilation.  
• AIOLOS 1.0 for simulation of airflow and ventilation of buildings.  
• DEROB-LTH for calculation of indoor temperatures and energy use.  

 
The DEROB-LTH, version 99.02+8 was the main design tool used for this study, as 
this study is based on indoor climate. DEROB-LTH  stands for dynamic energy 
response of buildings. It was originally developed in Texas University and further 
developed for MS windows in Building Science department of Lund Institute of 
Technology (LTH), Sweden.  

The input data required by the DEROB are hourly values of climatic data, 
geometry of the building form and the properties of the building elements and 
thermal loads. 

The output data is in text files and diagrams giving hourly values of internal 
temperature, radiation, cooling and heating loads, and the 3D-model of the build ing. 

DEROB analysis and observation  
The project was three storied hospital building complex with central courtyard. The 
main two building volumes were connected together by providing a service area 
(passages) on both sides. The top floor with a flat roof, the most exposed volume, 
was adopted as basis for the study. One of the main volumes, which consist of the 
two side balconies and service passages around the courtyard, was simplified as a 
basic case. 

The analysis of the selected third floor left volume was carried out in eight stages, 
described below in order to arrive at optimise operative temperature during daytime. 
The climate file for 15th April was adopted which is the one of the hottest month in 
Sri Lanka. 
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The Base case 
The building elements of the base case are described in Table 2. 

 

Table 2: Material properties. 

Material  Density 
(kg/m³)

Conductivity 
(W/mK) 

Specific Heat 
(Wh/kgK)

Concrete 2300 1.7 0.24
Rein. Concrete 2100 1.2 0.26
Cement motar 1800 0.93 0.29
Brick 1300 0.5 0.2
Gypsum 900 0.22 0.23
Mineral wool 50 0.04 0.24
Air space at 21c 1.201 0.024 0.28
Sand 1700 0.4 0.24
Earth 1300 1.4 0.22
Tiles (ceramic) 2000 0.95 0.25
Timber (hard 
wood) 

900 0.16 0.76

Timber (soft 
wood) 

600 0.14 0.76

Tiles (clay) 1400 0.42 0.26
Asbestoses 
cement 

1600 0.4 0.25

Tiles (burnt clay) 2000 0.95 0.28
Heat ins.material 35 0.035 0.47
Tiles (clay) 1400 0.42 0.26
P.v.c.vinyl (floor,) 1400 0.4 0.47
Steel (sheets) 7800 55 0.13
Masonry (blocks) 1000 0.27 0.26

 
 

Table 3: Description of the building elements of the simulation. 

Item Description Absorptance 

  Inside Outside 
Walls 225 mm.tk brick, with 15mm tk cement 

plaster on both sides  
50% (light 
green) 

70% (light 
brown) 

 Colour washed inner and outer surfaces     

Roof Flat roof 150mm tk, 15mmtk cement 
plaster on external surface 

50% (light 
green) 

70% (light 
brown) 

 With asphalt-waterproofing layer    

 Both sides of the roof were extended to 
provide canopies to the bal. 

  

Adiabatic 
Floor 

10mm tk Ceramic tiles, 150mm to Rcc slab 
with 500mm tk mineral wool (Adiabatic 
Floor) 

70% (red) 1% 

Door Timber Hard wood (opaque) 70% 
(brown) 

70% (brown) 

Windows Single glazed window with 4mm tk plane 
glass 
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Parametric studies 
Eight cases were studied according to the table 3 below.In the end all positive 
parameters from cases1–7 were combined in a “Best Case” 

Table 4: Cases. 

Case Changed parameter 

1 Oriented-0-Deg to the south  
  Oriented 90-Deg to the south 
2 All external surfaces colour washed in white 

(absorptions 20%) 
3 Natural colour asbestos roof (absorptions 60%) 
4 White colour washed asbestos roof (absorptions 20%) 
5  Natural colour asbestos roof and a flat asbestos 

ceiling. 
6 Natural colour asbestos roof and flat asbestos ceiling 

with a 50 mm heat insulation layer above asbestos 
sheet. 

7 White colour washed asbestos roof and flat asbestos 
timber ceiling with a 50 mm heat insulation layer. 

8 The best case – combination of all positive parameters 

Table 5: Internal loads and Infiltration rates for the volume 1, of the base case. 

Volume Periods(Hours) 
Infiltration 
(ACH) Internal loads (watt) 

Vol-1 1 - 6 7 5220 
Vol-1 7 - 12 12 11000 
Vol-1 13 -18 12 11000 
Vol-1 19 - 24 7 5220 

 Table5. 
 

 
 

Figure16: The typical layout of the building – The ward area (right wing) was simplified and 
adopted as a DEROB basic model.  
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Figure 17: DEROB model of the building (Case base-2). 

 
 
Figure 18: Model with a gable roof and a flat ceiling (Case 3–8). 

Results 
The results of the simulations were given in the graphical form in figure 19-29.those 
figures clearly provided the effect of important features that used for each 
simulations. The effect of the all important positive and negative results of each 
parameter were recorded and used to create the best case to provide the more 
comfortable environment by reducing the operative temperature. 

The operative temperatures of the eight different cases were compared with the 
operative temperature of the base case to get abetter result to provide amore suitable 
indoor comfort to the occupants of the building.  
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Base case  

Op tem-base case
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Figure19: Results of the b ase case. 

The existing conditions and parameters of the base case indicate that the operative 
temperature of the selected building is fairly high (36°C) and the thermal comfort is 
essential to the dry season of the year. The warmest period of the day was mostly 
15–17th hours on the selected month. As indicated, in the base case the indoor 
temperature is higher than the operative temperature in the hottest months of the 
year. 

The long façade towards N–S 

Op tem-case-1(90)

24
26
28
30
32
34
36
38

1 2 3 4 5 6 7 8 9 101112131415161718192021222324

Time -hours

T
em

p
er

at
u

re
 

Temp        Op_Temp     Outd_Temp   
 

Figure 20: Orientation -90°C. The long façade towards N–S. 

The existing layout was located 45°to the East–West direction and it was compared 
with the 90°. To the N–S There was a marginal change (increased) in the operative 
temperature. The exposure of the volume to the sun provides more solar radiation 
and generates the heat inside the building. 

The long facades towards E–W 
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Figure 21: Orientation 0°C. The long facades towards E–W. 
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DEROB results indicate that in Sri Lanka a North–South orientation of opening will 
reduce the solar gain indoor and the operational, and indoor temperature. (The long 
facades towards the E–W). 

The external surface colour washed white 
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Figure 22: The result of the case 2. The external surface colour washed white (Absorption 20%). 

The outer surface of the building former with dark colours and later with a lighter 
colour, there are mark able difference in the thermal behaviour. The indoor 
temperature of the volumes showed noticeable decrease with colours, which can be 
explained by the high absorption of the dark colour materials. 

Natural colour asbestos roof 
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Figure 23: The result of case 3. Natural colour asbestos roof (absorption 60%). 

The roofing materials with wide overhangs showed the considerable reduction 
in the indoor operating temperature. The increased air volume of the inner area, 
absorptive and the low time lag of the covering material have made some effect to 
this reduction. This could be explained with the thermal properties of materials. 
Concrete which has a high time lag, takes much time than the asbestoses to cool 
down the indoor air temperature mainly in night time.  
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White colour washed roofing sheets 
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Figure 24: The result of the case 4. White colour washed (absorption 20%). 

This results indicates the colours which have low absorptions, used to the roofing 
material has reduced the internal temperature the white painted wide overhangs also 
could be effected to reduce the solar radiation.  

Natural colour asbestos roof and flat asbestos ceiling 
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Figure 25: The result the case 5. Natural colour asbestos roof and flat asbestos ceiling 
(absorption 60%)  

The results indicate the air volume in between the roof and the ceiling provides 
positive results on operative temperature. 

Natural colour asbestos roof and flat asbestos ceiling with 50 mm 
mineral wool 
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Figure 26: The results of case-6. Natural colour asbestos roof and flat asbestos ceiling with 50 
mm mineral wool heat insulation layer (cond=0.035). 

The combination of heat insulation layer and a flat asbestos ceiling indicated 
noticeable improvement of the operating temperature. The use of improved heat 
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insulation layer could improve this effect by reflecting heat and radiation both by 
reducing the conductivity. 

White washed asbestos roof and flat asbestos timber ceiling with 50 
mm mineral wool 
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Figure 27: The result of the case 7. White washed asbestos roof and flat asbestos timber ceiling 
with 50 mm mineral wool heat insulation layer.  

The high reflectivity of the colour, low absorptive and low time lag of the roofing 
material has reduced the operative temperature. The air gap in between the ceiling 
and the roof provided a curtain effect to the main volume  

The” Best Case” 
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Figure 28: The result of the final project 8. The” Best Case” combination of the all positive 
parameters stated bel ow. 

Following were the parameters of these positive results : 
§ The exterior painted white colour with low absorption (20%), 
§ The north –south orientation of openings, 
§ Insulated flat asbestos ceiling, 
§ White colour washed (absorptivity 20%) asbestos roofing sheets. 

According to the calculations, the max Value or the operative temperature of the 
base case was 36°C and in the best case it has been reduced down to 31.2°C. It is 
proven that for hot humid regions, designers can provide more comfortable indoor 
climate by introducing passive design strategies with more eco-friendly 
environment. 
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Operative temperature of all cases 
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 Figure 29: Operative temperature of all cases . 

The combination of all positive parameters was identified to create more 
comfortable indoor enmenvironmet to the hospital. The thermal capacities of the 
selected building materials and the orientation of the bilinguals were also been 
adopted. It is evident that the heat can be reduced by introducing small window 
openings on north south directions. The thermal properties of the building materials, 
height of the building volume, and the orientation should have to be considered 
when designing a building especially in hot humid region as Sri Lanka.  

Conclusions 
To create a comfortable indoor climate, architects should have to take decisions 
from the beginning of the design process. The orientation, the form and shape of the 
building, the space requirement, construction materials and size and the location of 
the openings are the most important parameters that have to be considered in the 
design process. According to the evaluations following general conclusions can be 
observed. In Sri Lanka the North-South orientation of openings will reduce the solar 
gains and also reduce indoor operative temperature. The external colour and the 
texture of the building and the building envelope provide more effective 
considerable thermal comfort to the inner volumes. As roof receives more solar 
radiation than walls, it is essential to introduce more effective roofing materials with 
high time lag with better insulation values and low absorptive. DEROB provides a 
tool in decision the process of climatic design, especially for comparative analysis. 
However, it could not simulate the influence of the relative humidity, one of the 
most decision-making controlling elements of the hot humid climate. In architectural 
point of view those strategies and tools should have to be used without disturbing 
the creativity of the final building product in designing process.  
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Appendix 

Appendix-1 The bio climatic diagram (givoni) 
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Monthly mean… Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec.
27.5 28.2 29.7 31.1 32.4 33.6 33.2 32.5 32.1 30.6 29 27.8

78 75 74 75 70 69 68 70 73 78 79 80
2861 2866 3083 3386 3401 3586 3456 3420 3487 3422 3162 2986
23.2 23.2 23.9 24.9 25.5 25.4 25.5 24.8 24.6 24.1 23.5 23.2

84 84 83 81 75 68 69 71 73 79 85 85
2386 2386 2460 2548 2445 2204 2250 2220 2256 2369 2459 2415Pressure (Pa)

Bioclimatic Diagram (Givoni)
Location

Longitude (°)
Latitude (°)

Max RH (%)
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Appendix-2 Mahoney Tables 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Indicator totals from data sheet Ampara
H1 H2 H3 A1 A2 A3 Latitude 7°N
12 0 3 0 0 0

General recommendations
Layout

0–10
5–12

0–4 Compact courtyard planning
Spacing

11–12 X Open spacing for breeze penetration

2–10 As above, but protection from hot and cold wind

0–1 Compact layout of estates
Air movement

3–12
0–5

6–12
2–12

0–1 No air movement requirement
Openings

0–1 0 X Large openings, 40–80%

11–12 0–1 Very small openings, 10–20%

Any other conditions Medium openings, 20–40%
Walls

0–2 X Light walls, short time-lag

3–12 Heavy external and internal walls
Roofs

0–5 X Light, insulatted roofs

6–12 Heavy roofs, over 8h time-lag
Outdoor sleeping

2–12 Space for outdoor sleeping required
Rain protection

3–12 X Protection from heavy rain necessary

Detailed recommendations
Size of opening

0 X Large openings, 40–80%
1–12

2–5

6–10 Small openings, 15–25%

0–3 Very small openings, 10–20%

4–12 Medium openings, 25–40%
Position of openings

3–12
1–2 0–5

6–12
0 2–12

Protection of openings

0–2 X Exclude direct sunlight

2–12 X Provide protection from rain
Walls and floors

0–2 X Light, low thermal capacity

3–12 Heavy, over 8h time-lag
Roofs

10–12 0–2 X Light, reflective surface, cavity

3–12
0–9 0–5

6–12 Heavy, over 8h time-lag
External features

X

Light, well insulated

Rooms single banked, permanent provision for air 
movement
Rooms double banked, temporary provision for air 
movement

In north and south walls at body height on 
windward side

As above, openings also in internal walls

Medium openings, 25–40%

X

11–12

0–1

0

1–2

X Orientation north and south (long axis east–west)
11–12


