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Global warming is a serious condition when it corteegnalyzing how to achieve thermal comfort byunait means. With
the predicted rise of temperature from 2c4 the probability of people turning to alternatthermal comfort options such as air
conditioning would increase creating energy criSdgrefore, it is necessary to investigate buildingstruction methods that
increase thermal comfort. This study was aimedvaluating the effect of expected global warmingtioermal comfort related
expectations of people and to develop strategi@sddn assist to minimize the energy needed famhlecomfort especially in
tropical climates. The results suggest that contm of multi-storey houses with small foot pramd insulated concrete slab as
roof has the possibility of creating desirable miarlimates. The concrete slab roof provides theipdity of creating roof top

vegetation which can significantly reduce the indmonperature.
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1 Introduction

Global warming initiated by various human acti\stis
a serious concern when considering the possibiity
gaining thermal comfort through natural means apital
climatic conditions [1]. It is likely that most dfie tropical
climates, where passive houses can perform reasonab
satisfactorily for a major portion of the year, magcome
too warm and persuade people to install more energy
consuming active means such as air conditionin@ [2nd
4]. Since the electricity generation for higher air
conditioning loads can be an additional source refeqg
house gas emission, it would be necessary to fiitdide
options that would rely less on energy consumintivec
means [5].

Climatic acclimatization is one of the ways avaiatp
face climatic changes associated with global wagniie.
people adapting to climates that they have livedaftong
period of time. Another way to face climatic chaags
creation of more conducive environments that maglile
to create micro-climates with slightly lower temgterres
than the usual. This paper critically evaluates ynan
solutions that can be adopted as an integratecbapiprto
face the threat of global warming in countries witbpical
climatic conditions [6].
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2 Objective

The main objective of this research is to predi t
effect of expected global warming on thermal comfor
related expectations of people and to developesiies that
can assist to minimize the energy needed for therma
comfort especially in tropical climates.

3 Methodology

The research was based on the following methodolbgy
The thermal comfort model that is being widely uaed
present was critically reviewed

2. The changes that can be expected for such mudthls
future temperature rises were investigated

3. The strategies that can be adopted to createe mor
desirable micro climates were evaluated as planning
provisions and changes to structural forms.

4. These findings are presented as an integratpbagh
for wider adaptation in regions with tropical clitica
conditions.

4 Critical review
4.1 Effects of global warming

The effects of global warming are of speculativeire
It may vary between 1.%C to 5.8°C in the next 100 years
[7]. However, due to various positive measures &ztbp
such as creation of carbon sinks and controllingrefen
house gas emissions, it may be reasonable to asaume
temperature rise of about’Z to 4°C in the next 50- 100
years. Such temperature rises would be likelyhange
the somewhat favorable conditions of tropical cliesato a
situation that needs special attention [8]. Fomaxa, the
maximum temperature of a tropical city such as @iilo,
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Sri Lanka (Latitudes of%7and longitude of 73 generally
remains at about 38C due to many cloudy days that are
often experienced almost every month [2]. Suchlitmms
are expected to gradually change with global wagmin
where the average monthly maximum temperature isay r
to about 32C to 34°C despite the associated intensities of
solar radiation remaining approximately the sanfuch
rise in temperatures is likely to affect the averatpily
temperatures. It may be reasonable to expect trabge
annual minimum temperatures may also to rise bystimee
margin as the average maximum temperatures. Thimsne
that the average monthly temperature is likely hanges
by about 2C — 4°C while the solar radiation intensities are
likely to remain approximately the same.

4.2 Thermally comfortable conditions

The ability to provide acceptable level of thermal
comfort is an essential feature expected from built
environments. The most desirable temperaturesfiwars
can be identified as neutrality temperature [9].cdn be
calculated by using ;T = 0.31 Thean + 17.6 [10]. For
example, for the month of March, 2013 in Colomba, S
Lanka, the mean monthly temperature is 242 The
corresponding Jwill be about 26.8C. The mean annual
temperature is 26 & and the corresponding, & 25.9°C.
This means that a neutrality temperature of ab&fC
would be a reasonable value irrespective of the tmon
under consideration since tropical climatic coruhg
would not indicate substantially distinct season3he
climatic data and neutrality temperatures for CdlomSri
Lanka are given in Appendix A.

In tropical climatic conditions, it is difficult to
experience temperatures as low as neutrality vauespt
during night time. However, people tend to havesoeable
tolerance and according to Sokolay [10], a varatd + 2
°C is acceptable. The studies done by de Dear angeB
[11] indicate a variation of 8.5°C. The adaptation of the
suggestions by Dear and Brager [11] would result a
comfort zone as shown in Figure 1 where the indoor
velocity can be taken as less than 0. 25.ms

V<025 mis

V=106 mf
FEEE V=08 mh

B
m V=10 mfs

e W i

Figure 1: Modified comfort zone for tropical lownids

The strategy that is often used in tropical climati
conditions is physiological effects of cooling byavng
enhanced air velocities close to the people eithith
natural or artificial means such as fans. Thisaken into
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account when expanding the comfort zone by an amoun
equal to 6V-\# where V is the average air velocity. The
extended comfort zone is also shown in Figure 1lhekV
global warming occurs gradually over the yearss ltkely

to have climatic acclimatization by people who liire
tropical regions. This may be coupled with adaptio
climatic changes by changing the clothing to a atert
extent and also changing the expectation to aineztdent.

It is reported [12] that people consider changesohs
dynamic nature and respond to them by using weather
forecast, which may directly influence their perti@p and
expectation for a particular day.

When global warming shifts the average temperature
by 2 °C to about 4°C, the neutrality temperature will
increase only by about 0%. This indicates that climatic
acclimatization will be of much smaller scale thdre
temperature change that may occur due to globahimgr.

The corresponding comfort zones are shown in Figure
where the neutrality temperature was consider&656.

V<0.25 mfs

V=06 mfs

V=03 mis

V=10 mis

HEY

Figure 2: Modified comfort zone when the outdoonperature increase by
2°c

The comfort zone corresponding to a temperatuee ris
of 4 °C is shown in Figure 3. The neutrality temperature
correspond to 4C rise in annual average temperature is
about 27.2C.

The three comfort zones corresponding to present
climatic conditions and possible scenarios that bt&n
expected in future due to global warming indicatatt
special strategies will be necessary with free inopiuilt
environments that will not use energy intensive msesuch
as air conditioning.

4.3 Creation of desirable micro—climates

Built environments consisting of walls and roofsyéa
tendency to absorb and store heat. Thus, builr@mvients
created with high densities on small blocks of land
tropical climates have a tendency to promote hgland
effects. The only source that can reduce the oenue of
heat island effect is vegetation. However, the wofe
conventional roof will not allow the creation of cu
vegetation with adequate density especially witlghhi
density developments consisting of detached hou3ss.
possible strategy is the construction of multi-sjohouses
with small foot print and then to have insulatechaete
slab as roof. An insulation system that can allom
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restricted access is shown in Figurantl the proposed ro
slab insulation system consists of a 25 mm insutaltyer
and a screed on top to protectthich is supported b
40mm thick strips of concrete in 500mm spac the
reinforced concrete covering slab can be idensd as
a continuous slab, which is supported at yev@®0mm
intervals due to the strip arrangement aroutie
insulation panel. Several aspects were considerieitie
designing tle system. Panel size was decided based ¢
strength of covering concrete and panel size that lee
achieved with minimum wastage. Among two si
considered, 1m x 1m and 0.5m x 0.5m, it was fourat
the latter could perform better.

V<0.25 mis

V=016 mfs

V=03 mis

=1

V=110 mfs

Figure 3 Modified comfort zone when the out door tempemaincrease b
4°C

the reinforced concrete covering slab can

considered as a continuous slab, which ipeed at
every 500mm intervals due to the strip agesment
around the insulation panels. This arrangememt
provide very effective support to the covel concrete of
40 mm thick. Thus, the strength is not derived frira
strength of the resistive insulating material. Thidl be
extremely useful for creating a roof top sf, which will
not have any restrictions for access. The thet
expansion als could be confined primarily to tr
covering concrete and hence has the potentia
minimize the serviceability problenf$3]. The small foot
print of multi-storey construction could allow grea
spaces for creating green environmeniund the houses.
This can be coupled with vegetation at roof topel.

40 mm covering concrete

40mm thick cover blocks

25mm thick insulation
Water proofing layer

to satisfy the structural
requirements

Figure 4: Detaile@rrangement of the insulation system proposed
reinforced concrete slabs

50 mmx50 mm x 3 mm mesh

125mm or any other thickne
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4.4 Computer simulations

Global warming can increase thutdoor temperature
without a significant increase in solar intens. DEROB-
LTH models can be used to predict the situation weauld
arise in such a scenario4115 and 16]. The scenarios
considered can be’Z and 4°C rise. The comparisons can
bemade with roof top temperatures, soffit temperatared
indoor temperatures. The roof slab insulation we
considered with insulation thicknesses of 25 mm,ng8
and 50 mm. Such a comparison will shed ligton
strategiesthat would be needeon long term basis with
respect to insulation thicknes.

The effect of anticipated temperature increase loa
introduced to the simulations by increasing thedoat
temperatures in the climatic files by °C and 4°C
respectively. The climatic files used fcthe simulations are
presented in Appendix B.

Two-story house was considered for the simula. It
consists of four bed rooms, living area, dining mo
kitchen, verandah, two toilets and an open bal.
Building elements have been designed with conly
adopted passive techniques as described in literdtr
tropical climates. The walls facing east or west were
provided with any openings, since they open upirtdeor
volumes to the direct sunThicker walls were considere
to reduce the heatransfer through the walls into tl
building [17]. Such passive features generally have
potential to reduce the indoor air temperature iyua 3°C
bellow the outdoor temperaturl8]. The plan views of the
buildings are shown ifrigure5. Error! Reference source
not found. highlights the three dimensional view of tl
two-storey buildingonsidere.

P Q\ | £ 7
DININIG | KITCHEN BEDROOM | BED ROOM || 3
ROOM
JJ%)ILET & TOILET [1,5
i krgEriG ] \ZL 2 LOBBY EE
|z I
[|
77 J J
2,5 | VERANDAH | BED ROOM 2,5 | BALCONY FTU’DY ROOM|
GROUND FLOOR PLAN FIRST FLOOR PLAN

Figure 5 Plan views of the moc

Three insulation thicknesse$ 25 mm, 38 mm and 50 m
were considered with the above mened insulation
system.Three cases were analyzed separately for fi
climatic changes

Figure 7 representhie upper floor indoor temperatt
variation with different outdoor conditions. Theper
floor slab soffit temperature distribution is pretsl in
Figure 8 Both the ground floor and the upper fl
temperature are highly influenced with the outdc
temperature hick due to global warming. The insotte
thickness has a marginal effect on ground floordéomm,
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while there is a considerable effect on the uppeorf
temperature distribution, especially at peak times.
However, still the reduction is not enough to achi¢he
favorable conditions inside. Even though 25 mm has
identified as the most effective insulation thicksd5 and
13], there is a requirement for going up to 50 non t
accommodate the possible extreme outdoor condjtions
which can be present due to global warming in tearn

future.
Concrete flat slab
Figure 6: Three dimensional view of computer models

—2— 25 mm existing temp: —a&— 25 mm 2C increase —— 25 mm 4C increase
—o— 38 mm existing temp: —— 38 mm 2C increase —%— 38 mm 4C increase
—&— 50 mm existing temp: —&— 50 mm 2C increase ——+— 50 mm 4C increase
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Figure 7: Volume 4 indoor temperature variationhvgtobal warming

—2— 25 mm existing temp: —&— 25 mm 2C increase = —— 25 mm 4C increase = —6— 38 mm existing temp: —— 38 mm 2C increase

—#*— 38 mm 4C increase =~ —&— 50 mm existing temp: —®&— 50 mm 2C increase = —+— 50 mm 4C increase
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Figure 8: Upper floor slab soffit temperature vaoia with global warming

5 Conclusion slab without insulation will not be suitable foopical
Due to high heat transfer through the slab, théitsof countries. Further, due to the long wave radiatianich
temperature of the un-insulated roof slab will fighkr is emitted by the slab soffit, the occupants wékelf
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be identified as a better way to mitigate the effetue
to expected climatic changes. With the presentatiim
condition, it was found that even 25 mm insulato@m
create the required comfort conditions at the toprf
Even though the outdoor temperature increases 4y 2
°C due to global warming, the corresponding incréase
the comfort zone is marginal. Therefore, the presef
higher insulation thicknesses is highlighted witie t
expected climatic changes. The presence of rodfssla
instead of traditional sloping roof let creatingen roof
over the building. These roof top gardens can dnep
slab top temperature by about AD— 15°C due to the
reduction in solar radiation gains [2]. That caduee
the heat transfer through the slab and also help to
mitigate the heat island effect. Further, it isesgial to
rethink of a green outdoor to keep favourable ootdo
conditions [19 and 20]. This can minimise the «ffefc
global warming and even with lesser extra costyilit

be possible to achieve favourable conditions inside
Such favorable conditions will be extremely useiful
the face of global warming predicted in the fututeere
temperature is predicted to rise frorAC— 5°C within a
century.
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Appendix A: Climatic data and Neutrality temperature for Colem$ri Lanka [2]

Minimum & maximum

Mean daily temperaturéq) relative humidity (%)

Average Monthly
Month Sunshine Rainfzgll Monthly mean neutrality
(hours per day) (mm/month) Max Min Min Max temperature, J  temperature,
(around (around 6.00 (around (around 6.00 Ta
14.00 hours) hours) 14.00 hours) hours)
Jan 7.5 87.9 30.3 22.2 58 90
26.3 25.7
Feb 8.2 96.0 30.6 22.3 59 92
26.5 25.8
Mar 8.8 117.6 31.0 23.3 64 94
27.2 26.0
Apr 7.9 259.8 31.1 24.3 68 95
27.7 26.2
May 6.2 352.6 30.6 25.3 72 92
28.0 26.3
Jun 6.6 211.6 29.6 25.2 73 93
27.4 26.1
Jul 6.1 139.7 29.3 24.9 70 90
27.1 26.0
Aug 6.5 123.7 29.4 25.0 65 90
27.2 26.0
Sep 6.4 153.4 29.6 24, 7 67 91
27.2 26.0
Oct 6.2 354.1 29.4 23. 8 70 92
26.6 25.8
Nov 6.8 324.4 29.6 22. 9 67 93
26.3 25.7
Dec 6.9 174.8 29.8 22. 4 61 91
26.1 25.7
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Appendix B: Climatic Data Files
B1: Climatic data file for typical April with existg data.

C Climate data file for DEROB-LTH program
C Site: Colombs
C Latitude: 7
C Longitude: 8I
C Time Meridian: 8
C Standard Time is used
C Altitude: 100
C 1:stday: 2007.04.15
C Last day: 2007.04.:
C Y M D H t out X IdH IN t sky
C DegC kg/kg W/m2 W/m2  DegC
2013 4 15 1 25.% 0 0 0 7.1
2013 4 15 2 25.1 0 0 0 6.4
2013 4 15 3 24.6 0 0 0 5.8
2013 4 15 4 24.4 0 0 0 5.4
2013 4 15 5 24.4 0 0 0 5.2
201z 4 15 6 24.2 0 52 18 5.1
2013 4 15 7 24.4 0 137 528 5
2013 4 15 8 24.8 0 175 680 5.2
2013 4 15 9 26 0 200 741 5.6
2013 4 15 10 28 0 216 771 6.7
2013 4 15 11 29.7 0 226 786 8.8
201z 4 15 12 30.€ 0 22¢ 79C 10.5
201z 4 15 13 31 0 22¢ 78¢€ 11.2
2013 4 15 14 31.1 0 216 771 11.7
2013 4 15 15 31 0 200 741 11.8
2013 4 15 16 30.8 0 175 680 11.8
201z 4 15 17 30.t 0 137 52¢ 11.5
201z 4 15 18 30.1 0 52 18 11.2
2013 4 15 19 29.6 0 0 0 10.8
2013 4 15 20 29.1 0 0 0 10.3
2013 4 15 21 28.4 0 0 0 9.8
2013 4 15 22 27.7 0 0 0 9.1
2013 4 15 23 27 0 0 0 8.4
201z 4 15 24 26.2 0 0 0 7.7
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B2: Climatic data file for typical April with 3C increase due to global warming.

C Climate data file for DERO-LTH progran
C Site: Colombo
C Latitude: 7
C Longitude: 80
C Time Meridian: 8
C Standard Time is us
C Altitude: 10(
C 1:stday: 2107.04.15
C Last day: 2107.04.15
C Y M D H t out X IdH IN t sky
C Deg C ka/kg W/m2 W/m2 DegC
211: 4 15 1 27.1 0 0 7.1
211z 4 15 2 27.1 0 0 6.4
211z 4 15 3 26.€ 0 0 5.8
2113 4 15 4 26.4 0 0 0 5.4
2113 4 15 5 26.4 0 0 0 5.2
2113 4 15 6 26.3 0 52 18 5.1
211: 4 15 7 26.2 137 52¢ 5
2113 4 15 8 26.8 0 175 680 5.2
211z 4 15 9 28 20C 741 5.6
2113 4 15 10 30 0 216 771 6.7
2113 4 15 11 31.7 0 226 786 8.8
2113 4 15 12 32.6 0 229 790 10.5
211z 4 15 13 33 22€ 78¢€ 11.2
211: 4 15 14 33.1 21€ 771 11.7
211z 4 15 15 33 20C 741 11.¢
2113 4 15 16 32.8 0 175 680 11.8
2113 4 15 17 325 0 137 528 11.5
2113 4 15 18 32.1 0 52 18 11.2
211z 4 15 19 31.€ 0 0 10.¢
2113 4 15 20 31.1 0 0 0 10.3
211z 4 15 21 30.4 0 0 9.8
2113 4 15 22 29.7 0 0 0 9.1
2113 4 15 23 29 0 0 0 8.4
2113 4 15 24 28.3 0 0 0 7.7
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B3: Climatic data file for typical April with 4C increase due to global warming.

C Climate data le for DEROE-LTH progran
C Site: Colombs
C Latitude: 7
C Longitude: 80
C Time Meridian: 82
C Standard Time is us
C Altitude: 100
C 1:st day: 2107.04.:
C Last day: 2107.04.:
C Y M D H t out X IdH IN t sky
C DegC ka/kg W/m2 W/m2  DegC
2113 4 15 1 31.7 0 0 0 7.1
2113 4 15 2 31.1 0 0 0 6.4
2113 4 15 3 30.6 0 0 0 5.8
211c 4 15 4 30.2 0 0 54
211z 4 15 5 30.4 0 0 5.2
2113 4 15 6 30.3 0 52 18 5.1
2113 4 15 7 30.4 0 137 528 5
2113 4 15 8 30.8 0 175 680 5.2
211z 4 15 9 32 20C 741 5.6
211c 4 15 1C 34 21€ 771 6.7
2113 4 15 11 35.7 0 226 786 8.8
2113 4 15 12 36.6 0 229 790 10.5
2113 4 15 13 37 0 226 786 11.3
2113 4 15 14 37.1 0 216 771 11.7
2113 4 15 15 37 0 200 741 11.8
211z 4 15 16 36.¢ 17t 68C 11.¢
211c 4 15 17 36.5 137 52¢ 11t
2113 4 15 18 36.1 0 52 18 11.2
2113 4 15 19 35.6 0 0 0 10.8
2113 4 15 20 35.1 0 0 0 10.3
211z 4 15 21 34.4 0 0 9.8
211z 4 15 22 33.7 0 0 9.1
2113 4 15 23 33 0 0 0 8.4
2113 4 15 24 32.3 0 0 0 7.7
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