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Abstract. The paper investigates integration of thermal mass for   
passive climate modification in compact house forms found in historic 
world heritage site, Galle Fort in Sri Lanka. The work   involves a 
field investigation and simulation on the thermal performance of 
thermal mass integrated with the building design for passive climate 
modification in warm humid climates.   
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1. Introduction 

Building design can contribute to promote passive climate modification and 
therefore lowering air temperature levels inside than outdoor, especially in 
hot and warm climates. This process is known as passive climate modifica-
tion.  

Thermal mass is one of the main contributors of modifying indoor cli-
mate in terms of heat and is made use both in cold and warm climates as a 
climate modifier. The paper illustrates opportunities for passive cooling aris-
ing from the use of thermal mass in warm humid climates. 

1.1. THERMAL MASS     

Building envelopes with thermal mass provides "inertia" against temperature 
fluctuations, sometimes known as the “thermal flywheel effect” 
(1973),Koenigsberger, Szokolay, S.V). For example, when outside tempera-
tures are fluctuating throughout the day, a large thermal mass within the in-
sulated portion of a house can serve to "flatten out" the daily temperature 
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fluctuations. Thermal mass will absorb thermal energy when the surround-
ings are higher in temperature than the mass, and give thermal energy back 
when the surroundings are cooler, without reaching thermal equilibrium. 
This is distinct from a material's isolative value, which reduces a build-
ing's thermal conductivity, allowing it to be heated or cooled relatively sepa-
rate from the outside, or even just retain the occupants' thermal energy long-
er (Rajapaksha, 2004). 

When an insulated high-mass building is ventilated at night its structural 
mass is cooled by convection from the inside, by-passing the thermal re-
sistance of the envelope. During the daytime, the cooled mass, if of suffi-
cient amount and surface area and adequately insulated from the outdoors, 
can serve as a heat sink. It absorbs, by radiation and natural convection, the 
heat penetrating into and generated inside the building, and thus reduces the 
rate of indoor temperature rise. This is the process of passive cooling in hot 
climates. 

1.2 BUILDING FORMS 

Historic courtyard buildings in warm humid climates have often being 
adapted for wind-induced cross ventilation other than making use of thermal 
mass effect. The layout of the building characterizes a spared out form that 
acts as an air funnel. Buildings are designed less compact, with large open-
ings and large, shallow or open courtyards placing within the main wind axis 
across the house to promote ventilate cooling. (Hinrichs (1898). It is less 
common to see compact building forms with high thermal mass in warm 
humid climates.  But residential buildings found in Galle Fort in Sri Lanka 
are unique, as they are compact and designed with high thermal mass.  

2. Research Context 

World Heritage site, Galle Fort, is a coastal walled city built during Dutch 
Period (16th Century), which is located in Southern Province of Sri Lanka. 
Buildings in Galle Fort are mostly integrated with courtyards and character-
ized with narrow plan forms, high internal volumes and extensive thermal 
mass in their envelopes.  

Anecdotal evidence from the building survey and a pilot investigation 
performed on user response survey of buildings in Galle Fort suggests a di-
versity of thermal performance behaviour with both overheating and cooling 
conditions. 
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Figure 1. Galle Fort, A historic walled city, in the 16th Century 

The research investigates both these situations in respect to indoor over-
heating and cooling in order to identify problems and opportunities with in-
tegration of thermal mass characteristics of building design. The research 
hypotheses an agreement for the integration of thermal mass with building 
sectional characteristics when designed and enhanced with night ventilation. 

 
Figure 2. Compact courtyard buildings- found in Galle Fort 

3. Methodology 

This research employed a case based methodology to explore climate re-
sponse of these forms and identify challenges and situations associated with 
these interventions.    Six compact house forms are identified as cases which 
have typical and common building characteristics of the selected precinct. 
The architectural characteristics and thermal performances were compared 
and investigated. The process aimed at identifying the level of passive cli-
mate modification and its pattern. The difference of air temperature between 



506 M. RAJAPAKSHA, U. RAJAPAKSHA AND I. RAJAPAKSHA 

ambient and indoor average was taken as the indicator of passive climate 
modification. The total investigation involved three important stages; DI-
AGNOSIS, ORDERING and SIMULATION. 

3.1 DIAGNOSIS 

Majority of the building population in Galle Fort was sampled and identified 
six residential buildings representing most of the general characteristics.  Di-
agnosis stage was aimed at identifying general thermal behaviour patterns of 
buildings investigated. The pilot study collected field measurements for 
three days. (06th, 07th, 08th of March, 2013). Air temperature (indoor and am-
bient), Relative Humidity (indoor and ambient), and wind velocity data (in-
door and ambient) were considered. Air Temperature and relative humidity 
readings were taken in 2 minute intervals using HOBO data loggers. Surface 
temperature using K-alloy thermocouples and Wind velocity data using Ve-
lociCalc- model TSI 9565 were also taken in three hour intervals. Ambient 
climatic data were downloaded from Met, Dept. 

3.2 ORDERING 

Ordering of thermal performance results contributed to identify two main 
behaviour patterns. The contributing effect of thermal was seen with lower 
indoor air temperature levels inside these buildings. Some building forms 
show a lowering of indoor air temperature with a clear time lag whilst other 
forms demonstrated a lowering of indoor air temperature but without a time 
lag.  

3.3. SIMULATION 

Design-Builder computer based simulation program was used to further in-
vestigate the building that showed a clear and best time lag during first in-
vestigation. Performance results of the second detail field investigation were 
used to simulate further modifications to the building design. Base case of 
the model was developed using building characteristics of the best case 
building. 

4. Results and analysis 

First investigation revealed that thermal mass contributes to delay heat gain 
from outside in most of the buildings. Passive climate modification is visible 
during day time and closely related to the ventilation pattern of these com-
pact building forms. All buildings were observed as having lower air tem-
perature levels during the day. Nights were warmer than ambient and imme-
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diate outside microclimate due to lack of night ventilation potential of build-
ings. There was a diversity of behaviours in respect to time-lag (Figure 03). 
The best case building was further investigated for a second time and dis-
cussed in respect to the conditions available during day and night. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Diversity of passive climate modification in case study buildings  
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The air temperature performance graph for the house No 28 Middle 
Street, which is the Best Case, indicates that, the ambient air temperature 
reaches its peak at about 11.30am. But the living room maximum air tem-
perature reaches its peak at about 14.30pm resulting in a time lag of three 
hours. The building is located in a wind shadow, therefore ventilation is less 
permeable. The front verandah is half covered with shading devices and 
openings in the front facade are closed (glassed windows) during day (Figure 
03). 

Second and repeated field investigation on Best Case was carried out dur-
ing 03rd April 8.30 a.m. to 04th April 8.30 a.m, in order to further explore 
conditions that contribute to thermal mass performance. Indoor Air Temper-
ature and Relative Humidity were re-investigated in verandah, living room, 
and dining room and in courtyard. Wind Velocity was tested in the living 
room during 24 hours. The field measurements were compared with relevant 
ambient data later. Behavior of Outdoor and ambient climate pattern re-
mained similar to the conditions prevailed during first investigation. Howev-
er, diurnal range was less as compared to first investigation. 

4.1.1 Indoor air and wall surface temperature 

The selected house has the thickest walls (1metre) among all cases. Surface 
temperatures of two external walls and an internal wall were also tested in 
order to identify the heat transmission through the buildings and its delay in 
heat transfer. The figures 4 and 5 show an agreement of thermal performance 
behaviour of the Best Case building between first and second investigation 
periods. The ambient and indoor air temperature reaches their peaks during 
11.30 am and 14.30 pm respectively in both investigations. This means the 
time – lag in both investigation periods are same and uniform which is 3 
hours. 

 
Figure 4. First investigation results of the best case. 
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Maximum daytime ambient air temperature during second investigation 

was 34 Degrees C as compared to its counterpart during first investigation, 
which was 33 Degrees C. First investigation showed a passive modification 
of indoor air temperature by 4 Degrees C as compared to second investiga-
tion which showed a modification of 2.5 Degrees C. These figures also show 
relatively warm night conditions during second investigation. The lowest 
night temperature during second investigation was 27.2 Degrees C whereas 
in the first investigation the lowest recorded ambient level in the night was 
24.8 Degrees C. Diurnal range of first investigation was 8 degrees C, and 
during second investigation it was 7 degrees C). 

 

 
Figure 5  Second investigation results of the best case. 

4.1.2 Thermal mass and night cooling 

In both investigations, indoor air temperature during night moved above the 
levels of ambient temperature (Figures 4 and 5). The advantage of cool night 
ventilation is not integrated for the reduction of indoor air temperature dur-
ing night. There are no openings found at higher levels in the building sec-
tion for the removal of hot air in the night by stack effect.   

A gradual reduction of living room air temperature was seen when most 
of the walls reach maximum remperature absorbing heat. It suggests that the 
walls have absorbed heat gradually resulting in lower air temperature inside . 
Then the wall temperatures have decreased during night time, while ambient 
is reducing its temperature very rapidly. These result suggest removal of heat 
from walls when ambient levels reach low. In the meantime this process 
contributes to absorb more heat from internal spaces to wall mass. This is the 
correspondance between indoor air and wall surfaces temperature behaviours 
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within this house. Durng the first and second investigation the indoor wind 
velocity was 0.15 – 0.3 m/s, thus wind permeability of this house was very 
less, an effect which can attribute to building design, occupancy pattern 
(maintaining openings), or wind shadow effect. 

5. Simulations 

The objective of simulation is to investigate the effect of night ventilation in 
improving thermal mass performance in these compact house forms. Simula-
tion was aimed at exploring a solution made to the building section in order 
to promote stack and night ventilation and thus passive cooling in night.   

5.1 BEST CASE BECOMES BASE CASE  

Design Builder version 3.0.0.105 computer tool was used for simulation. 
Model of the selected case (“Best Case”) is developed in Design Builder 
software. Side walls with neighbouring structure were kept as adiabatic. The 
Best Case is hereafter named as “Base Case”. The actual building character-
istics (input data) given in the simulation model were adjusted and calibrated 
to achieve an agreement with the actual and simulated building performance 
in terms of indoor air temperatures. For the calibration, data of location, site, 
weather, activity, occupancy, materials, openings, and lighting etc: were 
considered as input to the model, in building level and zone levels. Then a 
simulation was run testing the thermal performances of the “Base Case” 
(model) until an agreement is achieved between calculated and measured in-
door air temperature behaviour. 

 
Figure 6. Thermal performance of the base case – readings taken at the site 
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Figure 8. Calibrated model with integration of openings at the roof level and courtyard levels 

for nocturnal ventilation by stack effect  

 
Figure 9. Results of the simulation before providing night ventilation 

Simulation results establish and provide evidence to show that the issue 
of high air temperatures at night can be resolved by providing enough night 
ventilation. Indoor air temperature levels were seen moving below the ambi-
ent levels with the integration of openings at the roof level in building sec-
tion. It further suggests that thermal mass in compact house/building forms 
of this nature needs to be integrated with building design which can promote 
nocturnal ventilation but control daytime ventilation to avoid heat gain. 

 
Figure 10. Results of the simulation after providing night ventilation 
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6. Conclusion 

The use of high thermal is beneficial in warm humid climates in promoting 
passive cooling in day and night, but subject to satisfying a pattern of venti-
lation. Compact courtyard house forms found in Historic Galle Fort provide 
evidence for this. However, its integration with a building design becomes 
significant with the pattern of wind forced ventilation. Providing daytime 
ventilation can limit the potential of thermal mass in passive cooling. 
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