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Abstract

The main aim of energy efficiency in building design is to create buildings that utilise minimum
amount of energy while meeting the comfort standards as high as or higher than those provided
by conventional buildings. To achieve these standards, itis necessary to study the local environment
in order to assess its positive and negative features (impact on the building). The results will
provide a basic understanding of heat transfer and human thermal comfort requirements. It also
provides foundation for which an energy efficient design of buildings can be established.

The design of residential buildings has a significant impact on everyday lives of people. It
includes the types and forms of buildings that are commonly occupied by people. In Malaysia, the
‘terrace house’ constitutes the majority of the residential building stock on which this study is
based. The study considers the effects of the different roof angles on reducing solar gain and
indoor temperatures through eight directions within 24 hours.

To analyse and explain that effect, five different angles of roof were chosen for the simulations.
In general, all the angles were chosen due to their architectural design characteristics. These
angles start from 0 degree as a horizontal flat roof to 60 degrees, i.e. increment of every 15
degrees. The research is seen as providing a tool in evaluating the dynamic indoor air temperature
and the effect of roof angles. The evaluation is derived from a series of computer simulations
using commercially available software called BLAST.
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Introduction

The lack of thermal comfort in terrace houses
is mainly due to the poor thermal properties
of the building constructions, such as
materials, design parameters and ventilation.
Various studies (Abdul Rahman, 1997;
Abdulmalik, A and Young, 1993; Azni, Z.
A, 2000) have been carried out with regard
to roofs, especially the materials, but not
many on the effect of the roof angles. Hence,
the study of roof angles which are exposed
to the solar radiation more than 10 hours
every day and their orientations is very
important. The orientation, as an example,
becomes an important factor to determine
roof angles and the effect of solar radiation
on buildings. Thus, the study of roof angles

on indoor comfortin hot regions has aroused

scientific interest in many countries for

several reasons, including the facts that the

roofis:

a)  a major source of heat gain in the
building,

b)  subjected to longer exposure to solar
radiation than walls, and

) constructed from many different
materials and forms.

Studies on Indoor Air Temperature
in Malaysia

Thermal comfort has become major concern
when it relates to energy efficiency and
occupants comfort. Some of the factors that
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influence the condition are roof designs and
the use of passive features into the building.
The consideration of these factors is crucial
when designing a building. According to
Prasasto, (2004), thermal comfort is based
on the condition within the occupants’
zones, i.e. area within the building where
occupants move. Thus, the location of
activities and circulation determine this, For
countries in tropical region, such Malaysia
or Indonesia, the penetration period of sun
rays in a day onto building is considerably
long. Daytime is about 12 hours +/- 30
minutes. This daytime length, combined
with 60% - 90% cloud coverage, will
determine the solar exposure values.

Fanger (1982) had set the international
standard for thermal comfort studies by
quantifying specific parameters and putting
them into a unified thermal comfort equation.
He suggested that thermal comfort might be
determined by using the Predicted Mean
Vote (PMV). This equation predicts the mean
thermal comfort of people under any
circumstances. Based on his finding the
thermal comfort zone for Malaysia is 24.5-
26.5 deg. C. In a study conducted by Noor
Aziah, (1994), it was found that the
traditional buildings, such as the Malay
house, enjoy a mean indoor air temperature
2.5 deg. C lower than the contemporary
terrace houses. Ahmad & Woods’ (1995)
study on terrace houses found more
negative result. They have identified that the
problem of maintaining a comfortable
thermal environment in the terrace houses
is due to owners’ action to close the internal
air well of the houses. Other studies done on
comfort zone obtained almost the same
results for the comfort zone in Malaysia, i.e.
between 24% - 29% respectively (Malik &
Young (1993); Rahman (1997); Davis, (1998);
and Azni (2000).
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Influence of Roof Design on Indoor
Thermal Conditions

The roof is the building component most
exposed to the climate elements .The impact
of solar radiation on clear days in summer,
the loss of heat by long wave radiation
during the night and winter, the rain and
snow, all have effects on the roof more than
any other part of the building components.
In the hot regions and seasons, the roof has
tremendous effects on the indoor climate. In
fact, the roof serves as a potential route of
heat gain which is mostly dependent on its
angles and materials. Under warm ambient
conditions, the roof also affects the indoor
temperature and, to some extent, it has to
depend on certain details. In hot countries,
it is generally believed that the roof is the
main heating element of the house. This is
s0 in most cases because the roof is
incorrectly designed (Givoni, 1976). The
inference has greater effect on indoor climate.

Most of the heat that builds up in the
interior comes through the roof. Depending
onits types and angles, the external surface
of the roof is often subjected to the largest
temperature fluctuations in which they can
be evaluated on two types of roof, i.e. flat
roof and pitch roof. Most residential
buildings in the world are either of a single
or 2-storey type. Nevertheless, heat gain and
indoor climate condition are frequently
controlled by the selection of right materials
and roof angles, besides other considerations
such as fire pre-caution, life span of building
and other matters (Markus & Morris, 1980).

Research Aim and Objectives

The main aim of the research is to determine
the variation effect of roof angles on the
hourly dynamic indoor air temperature in
spaces in conventional terrace house
buildings in Malaysia.

The objectives of the study are:
a) to study the effect of roof angles on
indoor temperature.
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b)  tostudy the relationship between roof
angle direction and day hours of sun
path position

¢) to study the effect of roof angles on
indoor climate in Malaysian terrace
houses.

Research Methodology

The research is based on simulation
programs using BLAST software. All data
was taken from the Malaysian
Meteorological Department for 30-year
records of yearly weather data. Indoor spaces
of the houses were used as exact location for
computation.

For the case study of this research,
typical Malaysian terrace houses have been
taken as the model for the computer
simulation.

In terms of selection of Simulation
Programs for analysis, several commonly
used thermal simulation programmes were
assessed, such as BESA, BUNYIP, DOE-2
and BLAST. BLAST (Building Loads
Analysis and System Thermodynamics)
simulation tool has been selected for this
research. BLAST is a family of programs for
predicting heating and cooling energy
consumption in buildings and analyzing
energy costs (BLAST Support Office, 1993).
Supporting computer programmes have been
developed to facilitate weather file
generation, automated simulation process,
extraction of key results and data analysis
on microcomputers. The effectiveness of
BLAST is then supported by HBLC. HBLC
(Heat Balance Loads Calculator) is an easy-
to-use graphical user interface for the BLAST
engine (BLAST Support Office, 1995).
Together BLAST and HBLC form a
comprehensive thermal software package
(Evans, 1987). BLAST is an acceptable
simulation tools (ASHRAE, 1989) as well as
has been proven by Nor Zaini (2006).

Thermal Comfort

Dynamic indoor air temperature analysis
may be used to assess a given environment.
This analysis is important in determining
energy management strategy in buildings,
especially when it refers to human users. The
human body temperature regulation
determines the physiological thermal
comfort of the occupant of a room, as the
human body exchanges heat with the
environment. Heat is exchanged by
radiation, convection, and evaporation. The
heat is primarily produced by metabolism,
which results from digestion. The body
temperature control system tries to maintain
this temperature in the varying thermal
environments.

Man has always striven to create a
thermally comfortable environment. This is
reflected in building traditions around the
world, from ancient history to the present
day. Today, creating a thermally comfortable
environmentis still one of the most important
parameters to be considered when designing
buildings. Thermal comfort has been defined
as the condition of mind that expresses
satisfaction with the thermal environment.
The reference to mind emphasizes that
comfort is a psychological phenomenon too
(Fanger, 1973).

Orientation and Solar Geometry and
the Sun Path Diagram

The orientation of roofs is considered as a
main factor in the design variables.
Buildings should be planned in such a way
that benefits are obtained from shaded indoor
and outdoor protected living areas when the
weather is hot and dry. The roof overhangs
on the north, for example, should allow the
sun to shine into the house when its warmth
is required in winter and provide shade from
high-angle sunlight in summer. This is an
interesting point as compared to another
situation in which the incident radiation on
the east side in the morning and the west
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side in the evening is still high, but not as
high as that on the north side during the
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Figure 1

Right: Explanatory orientation diagram used in the evaluations (Olgyay, 1973)
Left : Sun path diagram for latitude 30’ 7" (Meteorological Station, 2000)

Some basic climatic data is required for this
study to determine the sun path. The data
would help to get the sun position and
optimize the built form, orientation, and
exposure of elements such as windows, roof
and walls for maximum or minimum solar
gain. Sun path diagrams used in
conjunction with solar irradiance data tables
that will provide the information needed to
determine internal environmental
temperature and the likely thermal comfort
of the occupants (Koenigsberger, ef al, 1973)
as in Figure 1.

Building Model - The Typical
Malaysian Terrace House

The common prototype design that has been
chosen in this study is the terrace house.
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About 40 layouts of terrace houses
constructed in Malaysia were obtained from
architectural firms in Kuala Lumpur. From
the plans all necessary data was extracted
and that included layouts, space types and
sizes. Typical example of the said terrace
house is shown in figure 2. The house is a
two-storey building where each floor is
divided into 4 or 5 spaces. The average size
of Malaysian family living in a terrace house
is 5 persons. The house consists of the
ground floor, with spaces for living /dining
area, kitchen, bedroom, bathroom and
staircase and the first floor, with spaces for
master bedroom (bathroom en suite),
bedroom, child bedroom, bathroom and
staircase (Mohamed, 2004) Figure 2
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Figure 2
Plan of the terrace house for simulation
studies First Floor

Kuala Lumpur Climate

The climate in Malaysia can generally be
described as tolerable in terms of thermal
requirement. Since Malaysia is a small
country and about sixty percent surrounded
by sea its climate is almost the same for every
part of the country. In this study, Kuala
Lumpur was taken as the site for analysis
and the climatic parameters were analyzed

§ ey

over a thirty year weather data in order to
find the typical ‘Design Day’. This data is
vital for the calculation. The first conclusion
is that the climate of Malaysia can be
described as one with high humidity. The
hourly relative humidity value ranges from
67% as the minimum up to 96% as a
maximum value while the average value is
around 80% .The daily variation is very
small, about 5% between the days in the
same year or in different years. For the
outdoor air temperature value it ranges from
the minimum of 24 degree C within the
nighttime to the maximum of 33 degree C
within the daytime. The average is 27 degree
C

There is no dominant direction for the
wind but the wind speed average value is
about 1.00 m/sec. The main factor for heat
exchange is the solar radiation. The
variation of the parameter depends on the
sun path and the time (hourly, daily and
monthly). Generally, the variation of
temperature and humidity each year for 30-
year period is considerably very low, but
there is significant variation in solar
radiation within a year for the same period.
All the climate parameters have a high
hourly variation within a day. Refer to Table
1 and Figure 3 (Malaysian Government,
2003).
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Table 1:
Records of monthly mean of temperature, humidity and wind speed for the last 29 years
(Malaysian Government — 30-year weather data records)

J o~
““““;::r thel jan.| FEB | MAR | APR [MAY| sUN | suL | auc| sep | ocT | Nov| DEC| Annal
MEAN 30 years 269|272 2715|276 27.7| 278 | 27.3 | 273 | 27.1 27 | 26.6 | 26.6 27.23
o
é MEAN OF MAX. 30 years 32,5 | 333 | 33:5 | 33.5 | 33.3/| 331 | 326/ 32.7 | 325 | 325 | 321|319 | BT
MEAN OF MIN. 30 years 23.1 1234|238 | 242|243 | 24.1 | 23.7| 23.7| 236 | 23.7| 236 | 233 23.71
Relative Humidity (RH) 30 years 784|782 | 793 | 81.5| 80.6| 789 | 789 | 789 | 80.6 | 81.6 | 83.6 | 81.9 80.20
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Figure 3:
Records of hourly and monthly mean of temperature, humidity, latitude sun angles
and solar Radiation for Kuala Lumpur climate based on 30 years weather data records
(Malaysian Government, 2003)
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Analysis of the Effect of Roof Angles
on the Indoor Air Temperature

This study has considered the effects of the
different roof angles on reducing solar gain
and indoor temperature through eight
directions within 24 hours. To analyse and
explain the effects, five different angles have
been tested in the simulations. All the five
angles were accepted due to their
architectural design perspective. The angles
start from zero degree as a horizontal flat
roof and 15 degrees, 30 degrees, 45 degrees
and 60 degrees, with increasing every 15
degree. This study also considered the effects
of the different ceiling heights on reducing
solar gain and indoor temperature through
eight orientations within 24 hours.

Based on the different orientations, the
effects of each angle were studied and finally
compared their reduction in temperature
values with the existing indoor air
temperature. This is executed to choose the
best roof angle. Different roof angles lead to
different heat gain and as a result such

Orientation 0

Orientation 45

differences lead to different indoor air
temperatures. All the eight displays in Figure
4 show the reducing temperature values and
the temperature values and the difference in
five curves ranging from 0.5 degree C to 1.5
degree C. Generally, it is found that
increasing roof angle has reduced the indoor
temperatures. The study between January
and December also indicates that the change
of roof angle from zero degree to 60 degrees
would reduce the temperature by 1.5 deg. C.
While for the north west and north east sides
the temperature reduces between 0.5-1.0
degree C. That means the effect of roof angles
is more for the north, north east and north
west sides. For all other orientations, the
indoor air temperature behaviour would
increase about 0.5 degree C resulting in
negative effect. While, in June-July the
opposite image would happen that the best
effect of the roof angles will be for the south
as the best than the south east and south
west. Table 2 and Figure 4 (Appendix 1)
indicate the findings

Orientation 90

Rt O Degree | 15 Dopree | M Degree | 45 Dgroe | 60 Degree Roat DDgree | 15 Depree | 3 Dhgceer | 45 Degeve | 60 goree Hunl OPgere | 15 Ipree | 39 Degree | 45 Degere | 60 Digrre
Angles Angles Angles
1 4l ] 3129 | 3115 | 3096 | 3080 1 3190 | 3181 | 3071 | 3157 | 3149 1 48 | M46 | 3340 | 3303 | 17
2 31.21 | 3110 ] 30.96 | 30.80 | 30.65 2 3169 | 3161 | 3151 | 3138 | 3131 2 3320 | 18 | 33.13 | 33.06 | 33.00
3 3101} 3090 | 30.78 | 3062 | 3048 3 3149 | 3140 | 3132 | 3L19 | 3112 3 3292 | 3291 | 3286 | 32.80 | 2.4
4 3081 | 3071 | 30.59 | 3045 | 3031 4 3128 | 31.20 | 31.12 | 31.00 | 3093 4 3265 | 3264 | 3259 | 3254 | 3248
S 30.62 | 30.53 | 30.41 | 3027 | 3014 5 3108 | 3100 | 3092 | 3081 | 30.74 3 3239 ] 3238 | 3234 ] 3228 | 1223
G 3044 | 3035 ] 30.24 | 3000 | 2999 [ 30.89 | 3082 | 3074 | 30.63 | 1057 [ 32,15 | 3214 | 32,10 | 32.05 | 3199
7 3028 | 30,19 | 30.00 | 2997 | 29.85 7 30.72 | 3065 | 30.58 | 3047 | 3041 7 3193 ] 31.92 | 31.83 | 31.83 | 31.78
8 30.25 | 3015 | 30.03 [ 2991 | 29.80 8 3011 3108 | 3104 | 3095 | 3090 8 3316 ] 3323 ] 3325 3325 | 31023
9 3043 | 3029 | 30.42 | 2996 | 29.83 p) 3140 | 3140 | 3137 | 3129 | 31.23 9 3406 | 3435 | 3452 | 34.57 | 34.58
10 3064 | 3048 | 3035 | 3004 | 2995 10 3165 | 31,65 | 3172 | 31.63 | 31.54 10 3490 | 35,10 | 3540 | 3545 | 3544
1 31.26 | 3106 | 0.0 | 3059 | 3028 11 3234 | 3232 | 3251 [ 32.34 | 32.15 11 3554 | 3573 | 3601 | 3603 | 3597
12 3187 | 3164 | 351 3109 ) 3064 12 3303 | 3297 | 33.10 | 32.70 | 3245 12 35.77 | 3596 | 3651 | 3639 | 36.27
13 3243 | 32,17 | 32.05 | 3158 | 31.08 13 3338 | 3329 | 3339 | 3300 | 3268 13 3652 | 36.64 | 3683 | 3668 | 3648
14 3290 | 3263 | 32.50 | 3200 | M47 14 3388 | 3371 | 33.72 | 33.27 | 3285 14 36.77 | 3684 | 37.01 | 3679 | 3651
15 306 | 3288 | 32.73 | 3223 | 31.68 15 34.12 | 3390 | 3380 | 33.29 | 3288 15 3690 | 3686 | 3692 | 3659 | 3624
16 33.35 | 3307 | 3289 | 32.39 | 31.86 16 3420 ) 330 | A7 | 3320 ] 3291 16 36.77 | 3665 | 36.58 | 3620 | 3591
17 3339 | 3312 ] 3290 | 3242 | 3195 17 3408 | 3376 | 3349 | 33.08 | 3289 17 3645 | 3627 | 36.10 | 35.79 | 3561
18 3325 | 3299 | 3274 | 3233 | 3195 18 3375 | 3347 | 3322 | 294 | 279 18 3594 | 3578 | 35.60 | 3541 | 35.29
19 3296 | 32.73 | 32.48 | 32.15 | 31.85 19 3335 ] 3315 | 3297 | 7| .62 19 3537 | 3528 | 35.15 | 3501 | 3492
20 267 | 3247 ] 3225 3199 | W73 20 33.15 | 3298 | 3281 | 3261 | 3250 20 3508 | 3501 | 3490 | 3481 | 4.2
21 3241 | 3224 ] 3205 | 3182 | 3160 21 3291 | 3276 | 3261 | 3243 | 3213 21 3477 | M73 | 3464 | 34.55 | 3447
22 3216 | 32.02 | 31.84 | 3164 | 344 22 3266 | 3254 | 3241 | 3225 | 3215 22 MA7 | Ha44 | 3437 | 3428 | 3420
23 3193 | 3180 | 3L.6Y | 3145 | 3127 23 3242 | 3231 | 32.19 | 32.04 | 3195 23 3407 | M5 | 3408 | 34.00 | 33.93
24 3170 | 31.58 | 31.43 | 3125 | 3L09 24 3223 | 3212 ] 3202 | 31.87 | 31.79 24 3388 | 3386 | 33.80 | 33.72 | 33.66
MEAN] 31.8 6 3.4 31.2 309 MEAN| 324 323 322 320 319 MEAN]| 34.6 .6 30 345 344
MIN. | 303 30.2 30.0 209 298 MIN. | 307 30,7 30.6 0.5 304 MIN. | 319 L9 3.9 318 318
MAX. | 334 | 33 29 | 324 | 30 MAX. | 342 [ 339 | 338 | 333 | 129 MAX | 369 | 369 | 370 | 368 | 365
STDV 1.1 L0 1.0 0.9 0.8 STDV 1.1 11 1.0 0.9 0.8 SIbV 1.6 1.6 L6 1.6 1.5
Table 2:

The effects of different roof angles on the indoor air temperature in all directions.
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Orvientation 135

Oricentation 180

Orientation 225

,\[l:’;; 0 lxgree | 15gge | 0 Dugree | 45 Mgree | (0 D "I.'::; 0 Dgree | 15 Dygee | 20 Diggree | 48 Dogge | 60 Tigne '\:&;’; 0Ngee | 18Dygve | 3 Dugree | 8 Dogre | @0 Dugree
1 BR2| 3386 | 3382 | 3382 | 3377 1 305 | MI2] 02| 300 | 30l | M| 366 | M| 365 | MDD
2 | 1350] 3353 | 3350 | 3350 | 3345 2 | B 376 3376 | B3| 36 2 | M6 M3 | 39| M3 | M6
3 319|332 3319] 3319] 3314 X 333 | 3341 | 3340 | 3338 | 3331 3 | 38| B8 301 339% | 3391
4 3288 | 32921 3289 | 3280 | 1284 4 3301 | 33.07 | 3307 | 33.04 | 3298 4 | 3351 ) 3362 | 3368 | 3301 | 3356
5 3259 | 3262 | 3240 | 3260 | 3255 5 3269 | 3275 3275 | 2272 | 3267 5 ] 3318) 3328 3333 ] 3327 | 3322
6 |3232)3235) 1233 | 3233 | 3229 6 | 3240 ) 3245 | 3245 | 3243 ] 3237 6 | 3287 | 3297 | 3302 3295 | 3291
7 J3208) 3210 328 [ 3200 | 3204 7 1321313219 3218 | 3216 | 3211 7| 3259 3267 | 3272 | 3260 | 3262
8 | 3329 3339 3343 [ 3345 | 3347 8 | 3235 3242 | 3244 | 3243 | 3238 8 | 3245 | 3251 [ 3253 | 3247 | 3243
9 M3 | M5 ML | MBIl M8 9 132066] 3276 3280 M| 3273 9 | 3252 | 3253 | 3250 | 3240 | 3234
10 | 3526 | 3547 | 3574 | 35.85 | 3586 10 | 3337 ] 3349 | 3363 | 33.00 | 3352 10 | 3263 | 2264 | 3268 | 3251 | 3238
11 3,07 | 3630 | 3662 | 3670 | 3667 1T ] 310 ] M2 ] M4 | M| M5 11 | 3296 | 3295 | 3297 3277 | 3259
12 | 3667 | 3689| 3722 37.25 | 3716 12 | M8 | 35.00 | 3525 | 35.17 | 3500 12 | 3354 | 3356 | 3364 3341 | 3316
13 | 3721 | 3740 | 37.77 | 3765 | 3750 13 | 3559 35H | 3615 3605 | 3583 13 | 3394 3421 | 3437 | 3414 | 3387
14 | 3752 | 3769 | 3801 | 37.87 | 3767 14 | 3640 | 3650 | 3692 | 3681 | 3657 14 | 3511 | 3521 | 3556 ) 3523 | M%B
15 | 37.70 | 37.83 | 3808 | 37.92 | 37.66 15 | 3702 | 3718 | 3754 | 3743 | 37.19 I5 | 3628 | 3646 | 3682 | 3664 | 3639
16| 3767 | 37.74 | 3791 | 37.71 | 3742 16| 3735 | 3752 | 3785 | 3.4 | 3751 16 | 3732 | 3755 | 3801 | 37.90 | 31.13
17§ 3726 3727] 3733 [ 37.10 | 3683 17 | 3756 | 37.73 | 3801 | 3793 | 37.73 17 | 3820 | 3847 | 3889 | 3880 | 3875
18 ] 3690 | 3690 ] 3665 [ 3047 | 3645 18 | 3749 | 37.06 | 37.88 | 37.83 | 37.67 18 | 3843 | 3872 | 3909 39.17 | 39.12
19 § 36.15] 3615] 3602 [ 3608 | 3583 19 ] 3073 [ 3687 | 37.00 | 37.02 | 368 19 | 3737 | 37.77 | 3807 | 3808 | 3805
20 | 3552 | 3554 ) 3545 | 3543 | 3552 20 | 3636 | 30649 | 3639 | 3635 | 364 20 | 3724 | 3747 | 3767 | 37.44 | 3740
21 | 3524 ] 3526 3519 | 35.17 | 3518 21 ] 3571 ] 3581 | 359 | 3576 | 3566 21 | 3659 | 3677 | 3691 | 3678 | 3673
2 | 89| M93| ME7 | M8 | M- 2 | 3511 3519 35.19 | 35.15 | 3507 2 | 3595 | %609 3620 3610 | 3605
23 | S5 | M58 | MSI| M52 | M 2 | M8l | M| M| M8 | MT7 23 | 3546 | 3558 | 3570 | 35061 | 35.56
24 | 321 [ MM M| MHI9] HIS 24 | 3471 58] M54 ] 35| M43 24 | 35131 3525 ] 3533 | 3524 | 3519
MEAN 350 | 350 | 352 | 351 | 35l MEAN] M7 | ME | M9 | M9 | M8 MEAN] 348 | 350 | 351 | 350 | 349
MN | 321 ) 321 | 321 ] 321 | 320 MN | 321 ) 322 ) 322 | 3221 321 MNJ| 325|325 325 ] 324 | 323
MAX ) 377 | 378 | 3RI1 | 379 | 377 MAX | 376 | 377 | 80 | 379 | 177 MAX | 384 | 387 | 390 | 392 | 391
SIDV] 18 19 20 1.9 1.8 SIDv] 18 1.8 1.9 19 1.8 SV 19 20 21 22 22
Orientation 270 Orientation 315
r:::;; ODeree | 15 Degroe | 39 Degree | 48 Degree | 69 Degree ‘::::':‘ 0 Degree | 15 Dogree | 39 Degree | 45 Degree | 60 Degree
| 34.45 | 3447 | 3443 | 3439 | 3435 | 32.27 | 3221 | 32.16 | 3205 | 31.90
2 34.09 | 3411 | 34.07 | 34.03 | 3399 2 3202 | 319 | 3191 | 3181 | 31.72
3 33.74 | 33.76 | 33.72 | 33.69 | 33.65 3 3178 | 31.72 | 31.67 | 31.57 | 3149
4 3341 ) 3342 ] 3339 | 3335 | 3331 4 154 ] 3148 | 3144 | 3134 | 3127
5 33.00 | 33.10 | 33.07 | 33.03 | 33.00 5 3131 | 31.25 | 31.21 | 3112 | 31.05
(] 3279 | 3280 | 3237 | 3274 ) 3270 6 31.10 | 31.04 | 31.00 | 30.92 | 3085
7 3252 | 3253 | 3250 | 3247 | 3244 7 30090 | 30.85 | 3081 | 30.73 | 3067
8 3231 | 3229 | 3226 | 3223 | 32.20 8 30.80 | 30.72 | 3068 | 30.62 | 30.56
9 3247 | 3234 ) 3222 | 32.19 | 32.16 9 31.02 | 3085 | 30.71 | 30.64 | 30.59
10 32,76 | 32.65 | 3238 | 3224 | 32.22 10 3137 | 3113 | 3093 | 30.77 | 30.72
1] 3297 | 3277 | 3260 | 3241 | 3232 1 31.84 | 3156 | 3133 | 3105 | 3094
12 33.36 | 3317 | 3322 | 32.73 | 3255 12 32.15 | 31.86 | 31.66 | 31.32 | 31.14
13 33.95 | 33| 3358 | 3342 ) 3315 13 3287 | 32.59 | 3245 | 32.03 | 3146
14 3431 | 3418 | 3449 | 34.14 | 33.80 14 3322 | 3296 | 33.00 | 3264 | 32.18
15 35.47 | 3543 | 3569 | 3547 | 3520 15 33.69 | 3349 | 3341 | 33.01 | 32.50
16 36.61 | 36.65 | 3693 | 16.78 | 36.59 16 3395 | 3378 | 33.79 | 33.60 | 3322
17 37.51 | 37.62 | 37.90 | 37.86 | 31.74 17 3425 | 304 ] 3431 ] 3396 | 3379
18 37.83 | 3798 | 3825 | 1826 | 3821 18 3443 | 136 | 3444 | M2 | 3402
19 36.83 | 3695 | 37.31 | 37.34 | 3731 19 3397 | 3392 | 33.94 | 33.78 | 33.63
20 36.76 | 36.86 | 36938 | 3698 | 3695 20 33.79 | 3373 | 33.70 | 3355 | 3342
21 36.19 | 36.25 | 3632 | 36.30 | 36.25 21 3351 | 3345 | 3341 | 3338 | 3315
2 35.82 | 35.86 | 35.74 | 35.71 | 3567 22 3321 | 33.15 | 33.10 | 3297 | 3286
23 35.15 | 35.18 | 35.16 | 35.13 | 35.08 23 32.92 | 3285 | 32.50 | 32.68 | 3258
24 34.87 | 34890 | 3487 | 3484 | 3480 ___E-! 3262 | 3255 | 3250 | 3239 | 3229
MEAN] 34.6 345 3.0 4.5 344 MEAN] 325 124 324 322 32.0
MIN. | 32.3 32.3 32.2 32.2 32.2 MIN. | 308 30.7 307 30.6 300
MAX. | 378 38.0 383 383 38.2 MAX. | 344 44 344 342 34.0
SIbV 1.7 1.8 1.9 1.9 1.9 STDV 1.2 1.2 1.2 1.2 1.1
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Conclusions and Recommendations
The findings of this study have indicated
that it is necessary to increase the roof angle
of the terraced houses in Malaysia with north
side in January and south in June in order to
reduce the temperature by approximately 1.5
degree C during the day hours from 12.00
till 16.00. The effect of increasing the roof
angle in this case would give positive effect
as the incident solar radiation angle reaches
zero degree. That means the roof surface
is parallel to solar radiation beams.
Nevertheless, increasing the roof angles from
zero to 60 degrees for all other directions will
lead to negative effect as it increases the
indoor air temperature between 0.5 deg. C to

1.5 deg. C from 12.00 till 16.00 during the
day. The effect of increasing the roof angle
in this case will be negative because of the
incident solar radiation angle reaches 90
degree, i.e. the roof surface will be
perpendicular and vertical to the solar
radiation beams.

Subject to the roof directions in
Malaysia, the effect of the roof angles on
indoor air temperature is significant. There
is also significant relationship between the
roof angle parameters, orientations and the
times. This is because of the sun path nature,
solar radiation, sun altitude angle and the
incident solar radiation angle that have
greater influence on the roof and building
forms.

Figure 5:
The effect of the sun path position on the roof in different months.
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