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ABSTRACT

Many colonial office buildings are ]ﬂcatc@] the Old City of Semarang, Central Java, Indonesia have a passive
cooling system. These office buildings are characterized by high ceilings and roof angles, thick wall panel and normally
used as a gallery under sun shading. The Djakarta Lloyd office room was selected to determine the gorrelation between the
width of sun shading and percentage of wall opening toward thermal comfort parameters such door air temperature
and percentage difference of relative humidity. The calibration and validation graph of temperature versus time was
conducted between data measured at site and computer simulation using Energy Plus program. The results showed that
3.6m width of sun shading and 40% of the wall opening is significant toward the indoor air temperature and percentage
differences of relative humidity. Whereas, Om together with 1.8m and 1.8m with 3.6m of width of sun shading and 10%

together with 20% and 10% together 40% of wall opening were insignificant toward indoo

ir temperature and relative

humidity. For dggign purposes, it is recommended to use the narrowest wall opening of 10% and the widest sun shading to

give the lowest
building particular in Semarang, Indonesia.

door air temperature and the highest percentage of relative humidity for the colonial Dutch office

Keywords: colonial office buildings, energy plus simulation, sun shading, wall opening, thermal comfort.

L. INTRODUCTION

emarang is the capital city of Central Java
Province, Indonesia, which is lggated at the north Coast of
Java Island. Geographically, 1 located between 6°50'-
é‘jlﬂ' South Latitude and 109°35'-110°50" East Longitude.
emarang has a humid tropical climate with high
temperature and humidity and year-round rainfall. The
areas with humid tropical CH% are often characterized
by high relative humidity (oftermabove 90%), high rainfall,
and annual average temperatures above 18°C and typically
at 23°C which may increase to 28 "C and 38 °C. Semarang
is known as a trading city during the Dutch colonial period
in the early 20"century. The Old Town area was a modern
trading and service area and there are many national and
international offices. Most of the old offices were designed
by architects from the Dutch colonial period by
considering the tropical climate issue as part of their
building design (Purwanto, 2004). The Dutch architects
were more concerned with the application of the passive
cooling system in buyildings through the processing of
architectural elements=0 achieve the thermal comfort of

the buildings by using the natural ventilation system.
Principally, the passive cooling method is based
on the control of the sun's heat through the media of the
building such as building construction materials,
openings, shading and orientation direction of the building
(Idham, 2016). The architectural element which is mostly
used to decrease the exposure of the sun radiation is sun
shading (Harry, 2006).Sun shading can reduce the
incoming sunlight to a certain level according to the type
and function in each room, through the creation of shade

and shadow areas. Meanwhile, the opening of a building
with a window requires a proper design and precise
calculation by considering the existing side of the building
which becomes a windward area and does not get a
shadow of the wind (leeward) with sufficient wind speed
for thermal comfort. The opening location determines how
air enters the building effectively allowing for cross
ventilation. To optimize the natural ventilation system,
exposure to sun radiation needs to be avoided and fresh air
é‘ﬂw into the building needs to be streamlined to provide
ermal comfort in the building.
A study on the effectiveness of the passive
system of flats and condominiums were managed by the
&ausing Development Board of Singapore (Sock. 2007;
ong and Li, 2007). The investigation on the
effectiveness of window shading on cooling energy
consumption for the gast and west windows in Singapore
were between 2.62 3.24% of the energy cooling load
can be stored by applying the sun shading with a 30cm
horizontal width of the window¥Wong and Li, 2007). The
sun shading window with a 6 width can save between
3.85% to 7.06% cooling load SWhen the width of the sun
shading reaches 90cm, the cooling load of the room is
reduced by 8.27% to_l0.13%.However, Wong and Li’s
study considered only®ast and ayest orientations, but did
not take into considerations ofS8ther parameters such as
the width of the openings, height of the openings,
horizontal shadow angle, and vertical shadow angle. The
previous study by Yu (2008) on a high-rise residential
building in Taiwan indicated that envelope shading is the
best strategy to decrease cooling energy consumption,
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which can achieve thﬂ@avings of J11.3% on electric
consumption. In Singapore, Wong éﬂﬂS) studied the
effects of shading devices on temperature. His study
showed that izontal shading devices reduce indoor
temperature by 0.61°C to 0.88 °C. The vertical shading
device can reduce the temperature by 0.98°CJ in another
study by Yang and Hwang (1995). They also"hvestigated
the influences of external shading on energy savings in a
Taiwanese building. The direct air conditioning, power
consumption readings indicate an average savings of 25%
if external shading is properly installed. Contradictory,
i‘zf:mpelikﬂs (2010) and Gratia and Herde (2007) reported
at shading devices can lead to big energy savings when
they are applied in combination with the appropriate glass
type, enabling them to modify the thermal effect of
windows to a great extent.

The air temperature inside Dutch buildings with
hallway around the building tends to be cooler than the
buildings without hallway. Therefore, the hallway is
considered effective for controlling the air temperature
inside the building. Besides fz%icming as a barrier of
sunlight, it also serves as a spacc®etween the outside and
the inside of the building. Therefore, the air outside of the
building does not directly affect t@air inside the building
(Purwanto, 2004). The results o study by Kim et al,
(2015) showed that the effect of sun shading on reducing
the cooling logd on office buildings by blocking sun
radiation shows¥ 35.1% reduction in total cooling load.

The thermal comfort, garticularly the natural air
cooling of buildings relies on@ui]ding design, opening
design, and internal factors such as air temperature, i
humidity, and wind speed in the buildings (Hendrarto“t
al, 2014). According to Hendrarto et al, (2014), the
Indonesian thermal comfort standard is divided into three
categories as follows: (1) Cool comfort between 20.5°C to
22.8°C with relative humidity of 50% - 80%; (2) optimum
comfort™£2.8 (2 - 25.8 °C, relative humidity: 70%-80%:
and (3) nearly¢omfortable: 25.8°C- 27.1% C, relative
humidity: 60%-70%. Thus, with regard to the gap of
research for this study, there are two main purposes such
as to find the influence of sun shading as architectural
element and wall openings to indoor temperature in the
Dutch colonial office; and to find the effect of sun shading
as architectural elements and wall openings against
relative humidity at the Dutch colonial office.

2. RESEARC]—@’[ETH{}DDLDGY

The environmental simulation meghod was the
norm in any studies involving the physical*ayout of the
building. In order to investigate the effect of sun shading
and wall openings on room temperature and relative
humidity, this study employed computer modelling
techniques which were an effective and reliable tool for
optimizing the design process of buildings. The model was
used to support building simulation with computers
through accurate data collection of local building and
climate data. Energy Plus program was used for the
computer simulation, supported with Sketch Up program
to create the modelling of the building and suppgrted
by the Open Studio program. EnergyPlus program% a

whole building energy simulation program that engineers,
architects, and researchers use to model both energy
consumptions for heating, cooling, ventilation, lighting,
plug and process loads and water use in buildings.

For simulation calibration of the model, the
simulation/model program needs to compare with field
measurement data at site. The research methodology was
conducted in three stages, namely;

a) Field data collection, which in this case was aimed to
gather data from one of the rooms in the colonial
office building using sun shading and openings. These
data were in the form of the dimensions of the
building elements, layout of the room including sun
shading and openings of the building.

b) Verification and validation of the model under sun
shading and openings that were similar to the original
ones used in the selected colonial office; in this
research it was a Djakarta Lloyd office in the Old City
of Semarang. The results from field measurement
were compared with the simulation. The trend
of similarity  between both results of field

measurements and simulation could be summarized

and concluded in term of percentage difference.

c) By creating the model of colonial office building,
according to the need of study and propose the
stakeholder who are intf:rﬂﬁt@ﬂl improve the thermal
comfort in any particular buildings.

The proposed building model can be used to find
out the role of sun shading and wall openings to the
different indoor"ftmperature and relative humidity. The
shape and dimensions of sun shading which were used for
this study were as listed below:

A. A rectangle sun shading which located above the
opening window with three widths distinguished
dimensions of Om denoted as without sun shading,
1.8m, and 3m, respectively.

B. A rectangle sun shading dimensions with wall
openings were 10%, 20% and 40% of the entire wall
area: and

C. Wall thickness, which was not varied (30 cm).

The building that uwsed in this study was a
hypothetical model which matched with the characters of
the colonial office building. The dimension of the model
building was 27mx12m and a 4m height of eachfloor. The
dependent variable for thermal comfort was“hdoor air
temperature and the relative humidity. The total number of
cases (N) for this study was 1344 which is equivalent to 56
days of research data.
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The statistical analysis which had been used in
this study were as follows:

a) Two-way ANOVA,

The equation for sum squares total (SST) is;

TZ

(SST) = Xi=s Zle Ti=1 Tzik — (1)
The sum squares of row (SS5R) is:
_ EIT.::I_T]E2 _ E
{SSR) - rn remn (2]
The sum squares of column (S5C) is;
L .z 2
(SSC) = Li=aTj” 12 (3)

(& remn

The sum squares interaction of row and column
(SSRC) 1s:

(SSRC) = Tealimay ZmT Yl T° (4)
n en ren
The sum squares of error (SSE) is;
(SSE) = SST — SSR — §5C — SSRC (5)
The degree of freedom of row (df,) is;
@df)=r—-1 (6)
The degree of freedom of column (df,) is:
(@f)=c—1 ™

The degree of freedom interaction of row and
column (df,..) 1s:

(dfpze) = —D(c—1) (8)

The degree of freedom of error (df.) is:

(df,) =rc(n—1) (9)
The mean squares of row (MSR) is;

SER
(MSR) =—— (10)

The mean squares of column (MSC) is;

55C
(MSC) == (11)

The mean squares interaction of row and column
(MSRC) is;

(MSRC) = SSRC

(12)

d fraxe

The mean squares of error (MSE) is;

55E
(MSE) ==~ (13)

There are two Fisher distribution empirical
equations denote as F; and Fas follows:

(F) =31z (14)

M5RC
MSE

(F) = (15)

where:

I rOwW
: column

: number of cases
.total per row

- total per column
: total

NSSE= 0T

b) Further testing using Tukey equation need to be
carried out in order to determine whether there is a
ifference in the indoor temperature and relative
humidity caused by the width of the sun shading:

c¢) Further testing using Tukey equation was used to
determine whether there was aQiffﬂrsncv: in the
indoor temperature and relative humidity caused by
the width of the wall openings;

d) Interaction test between the width of the sun shading
and the opening of the wall to the indoor temperature
simultaneously;

D. Interaction test between the width of the sun shading
and the wall opening to the relative humidity. The
statistical software used for data analysis was SPSS.

After completing all the five steps in running the
statistical analysis using two-way Anova, Equation 16 is
used to determine the percentage error between the
simulation results using Energy Plus program and field
data measured at site which can be obtained from Equation
15.

C.—-C
error =|———P1x100% (16)
Cp
where:
Cs : calculation results
Cp : criteria
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3. RESULTS AND DISCUSSIONS

3.1 Building model using energy plus simulation

The colonial office building was designed
according to the architectural characteristics of the Dutch
colonial office in Semarang which emphasized on the
shape and size of sun shading g the hallways of buildings
and wide window openings. order to optimize the
function of natural ventilation in the buildings and achieve
the thermal comfort, the building was modelled without
sun shading with 10% wall opening, 1.8m sun shading and
20% wall opening and 3.6m sun shading and 40% wall
opening. These dimensions of sun shading and percentage
of wall opening based on the research carried out by Wong
and Li (2007) and Sara (2018). Figure-1 shows two-storey
colonial office building which designed and modelled
using Energy Plus without any sun shading (Om) and 10%
wall opening only. The overall dimensions of this building
are 27mx12mx8m.

Figure-1. Colonial office building model without sun
shading (00 m) and wall openings of 10%.

Figure-2 shows the colonial office building
model which designed for 1.80m sun shading around the
first and second floor of the building with wall openings of
20%. Meanwhile, Figure-3 shows the colonial office
building which modelled and designed using Energy Plus
program for wall opening 40% and 3.6m sun shading
around the first and second floor of the building.

Figure-2. Colonial Office model with width of 1.80m sun
shading and wall openings of 20%.

The climate data from the Agency for
Meteorology, Climatology and Geophysics of Semarang
City were used to simulate the Energy Plus Program. The
Semarang climate data were obtained from WXA Global
for simulation purpose during the hottest season in
October and the coolest season in January 2014.

Figure-3. Colonial office building model with width of
3.6m sun shading and wall openings of 40%.

The output parameters of the Energy Plus
ﬁmulminn was in the form of outside temperature, indoor
mperature and gelative humidity. The simulation was
assumed to be thé*fiottest and the coldest day of the month
in 2014 which were on 12" of October 2014 and 12" of
January 2014. The simulation results were in the form of
raw data which uvsed for the two-way ANOVA statistical
analysis. The raw data were then analyzed to look at the
difference of indoor temperature and relative humidity
which caused by three variations in width of sun shading
and percentage of wall openings.

3.2 Calibration curves between measurement and
energy plus simulation program

The calibration of Energy plus program
simulation was conducted by comparing the data for
temperature measurement results obtained from an inner
room inthe colonial office of two-story building at
Djakarta Lloyd with the simulation results of the Djakarta
Lloyd office building using Energy Plus program. The
model building was drawn using Sketch Up program,
simulated using Energy Plus program and Open Studio
program. The indoor air tﬂmpﬁrw measurement data
were conducted in the office roon™n the second floor of
the colonial office building.

Figure-4 shows the graph of temperature versus
time for two-storey colonial Djakarta Lloyd office
building using simulation and measurement on site. There
is a similar pattern between simulation and measurement
with simulation was a little bit higher than the
measurement. However, they have a similar value of
temperature and time at the peak of the graph. The highest
measurement value of temperature was 34.01°C which
occurred at 15.00 hours (3.00 pm in the evening). The
highest percentagedifference between the simulation and
average measured temperature at the second floor of
Djakarta Lloyd's colonial office was 1.34°C  which
occurred at 1.00 a.m. hour early in the morning. Figure-4
can be used as the valid simulation results and calibration
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of measurement data of temperature versus time which can
be used as research data.

35,00
¥ 3300
31,00
29,00
27,00
25,00

Temperature

1 3 5 7 9 11 13 15 17 19 21 23

Time (hour)

—— Simulation e heasurement

Figure-élQumparisnn between measurement and
simulation results on the 2™ floor of the
Djakarta Lloyd's office.

The qualitative description as mentioned above
can be corroborated through the error calculated using
Equation 16. The percentage error was calculated using
the mean and standard deviation of the data. At the 95 %
confidence level or until ¥ ... T the percentage error

was accurate or precise calculated (Christina and Maria,
2006). The statistical analysis for this study showed that
the average percentage error was 5.54% by value of
standard deviation was 2.64 and the average percentage
error varies between 0.26% to 20.82%.

3.3 Correlation of width sun shading and wall
opening toward indoor air temperature
Table-1 shows that the width of sun shading and
wall opening affect the inner air temperature inside the
room of Djakarta Lloyd’s colonial office. Thg, narrower
width of sun shading would result in higher"fhdoor air
temperature gr the wider the width of sun shading would
result coolef™hdoor air temperature. The results of this
study were supported by Wong and Li (2007) where
.62% to 3.24% of the cooling load energy can be saved if
a 30 cm width of sun shading were applied to the
horizontal of the window. When the 60 cm width sun
shading was applied, the cooling load energy can be saved
between 5.85% to 7.06%. Morgover, if the width of the
sun shading are increased up td®¥0cm, the cooling load of
the room can be reduced between 8.27% to10. 13%.
From Table-1, the solely wall openings itself did
ot affect the indoor air temperature inside the office
room. Thus, the paired sample t-test of variations in term
of percentage wall openings was insignificant to the
indoor air temperature. If p = 0.05, the dependent variable
15 significant and become insignificant if p < 0.05 (Sander
et. al, 2016). The value of p is 0.058 for the effect of wall
opening on the inner room temperature and it becomes
insignificant variables in this study. Similarly goes into the
effects of interaction between the width of sun shading and
wall opening towards the indoor room air temperature
with a p value of 0.956 and it also becomes insignificant

variables. Both of these values p is bigger than 0.05. On
the hand, the value of p for a width of sun shading i1s 0.008
becomes significant variable. Likewise, the effective width
of sun shading and wall opening becomes significant with
value of p equal to 0.043 and less than 0.05. It can be
concluded that the width of the sun shaging and the wall
openings simultaneously influenced e indoor air
temperature. The wider width gf sun shading and higher
percentage of wall opening le the decrease of indoor
air temperature.

Table-2 shows the analysis of paired sample t-test
for width variations of sun shading and wall opening to an
indoor air temperature of the colonial office room. The
statistical analysis showed that there is an insignificant
result for Om and 1.8m widthsun shading with p-values of
0.099 and 0.16, respectivel the indoor air temperature
of the room. There is a difference in the air temperature as
a result of different width of sun shading. Contradictory,
the width sun shading of 3.6m is significant toward indoor
air temperature of 0.40°C with p-value of 0.007.
Furthermore, when 1.8 m and 3.6 m width sun shading
became an insignificant to the indoor air temperature with
p-value of 0.16. Likewise, 40% wall opening become
significant toward indoor air temperature of -0.34°Cwith
p-value of 0.031. However, the combination of 10% and
20% together with 20% and 40% wall opening to indoor
air temperature became insignificant with p-values of
0.623 and 0.254, respectively.

Table-1. Summary on effect of sun shading width and
wall opening toward the indoor air temperature.

Neo. Independent Dependent Effect F P Information
Variable varable
1. The width of the  Inner eir The width of the 4828 0008  Significant
Sun shading (X; Temperators sun shedmgon the
Yo immer air
lemperalue
The wall openings 2853 0058  Nou significam
on the inner air
temperature

Sun shading width 2003 0043 Significant

(=]

Wall openings

3. The width of the

sun sheding (X end wall
(X)) and wall apenings ()
apenings (X 1) simultaneously 1o
simnltanecushy the inner air
temperature
] Interactiom The intetaction (1166 (k956 Mot significant I
between the betweeen the width
wridth of thesun of the sun shading
shadimg (X 13 with wall
() with the openings (Ko
wall openings the inmer air
(K tEmpeTEiuTe

Source: data analysis results (1017
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Table-2. Analysis of paired t-tests between sun shading
width and wall openings to indoor air temperature.

No. Thewidth of sum  The width ofthe  The difference of P Information
shading sun shading the average in air
temperature
1. 0m 1.8m 0.27 0,055 Not
significant
jbém (.40 0007 Significant
1.8 j.6m 0.14 D16 Not
signifikan
The wallopening The wallopening  The difference of P Information
the average in
inmer air
temperature
2 10% 20% 013 0623 Not
significant
40%% -0.34 0031 Significant
0% 40%% 021 0254 Not
5 ignifikan

Source: datz analvas resulis (2017)

@igurc—ﬁ shows the inverse relationship between
estimated marginal means and widths variations sun
shading to indoor air temperature at 10%, 20% and 40%
wall opening. It can be observed that tﬁlnarmwer wall
opening and wider sun shading could lea the reduction
of indoor air temperature. Therefore, it can be concluded
that the interaction between the width of the sun shading
and wall openings to the indoor air temperature did not
occur at all. It means that there was no occurrence indoor
air temperature when the wall opening area was 40% and
width of the sun shading was greater, the inner air
temperature was decreased, and b) when the wall opening
was 10% and the width of sun shading became greater, the
inner air temperature would increase tremgndously.
Further study by Nedhal et al, (2011) indicat at egg-
crate shading has a significant impact on decreasing

3.4 Correlation between width sun shading and wall
upeglg towards relative humidity

able-3 shows the correlations between the width
of the sun shading and wall opening Jowards relative
humidity in term of percentage p-values™t is evident that
the wider the width sun shading, the higher values of
relative humidity or vice versa. The independent variable
such as width of sun shading, wall opening and width of
sun shading together with wall opening have a significant
effect toward thd®elative humidity with p-values of 0.003,
0.038 and 0.015, respectively. Nevertheless, the
interaction between the width of sun shading and wall
opening has an insignificant towards relative humidity
with p-value of (.950.

Meanwhile, Table-4 shows summary of paired t-
test of statisticgl analysis width sun shading and wall
opening toward=elative humidity. It can be seen that the
width of sun shading ofOm together withl.8m and 1.8m
together with 3.6m have insignificant impacts toward
relative  humidity of p-values 0.063 and 0.543,
respectively. Conversely, 3.8m width of sun shading has
significant impact toward difference percentage relative
humidity of -1.7723% with p-value of 0.003. In addition,
10% together 20%and 10% together 40% of the wall

ﬂxning area were insignificant toward the effect of
la

tive humidity with p-values of 0.565 and 0.89.
However, 40% wall opening area has a significant effect
toward the percentage difference relative humidity of
1.4454% with p-value of 0.018.It can be concluded that
the wider wall openings will lead to lower relative
humidity (75%) which is an indication of the comfort
level, in the cool condition and comfortable category
(Departemen Pekerjaan Umum, 1993).

Table-3. Correlation between width sun shading and wall
openings toward relative humidity.

discomfort hours as compared with other shading types. e Ftect e
1 Zun shading width ~ Relative Sun shading width on  5.855 0,003 Zignificant
) the relatrve homidiny
Estimated Marginal Means of The indoor air temperature Wall epenings (%) Wall apenings 3281 0038 Sipnificant
on relative humidity
i San shading width Sum shading width 2,57 s Sipnificant
30,80 Wall openings (¥} and wall (2 py and wall
2 openings OPETIR S
— Cpenings 10 % Mylsimnultaneonsly (X Psimuitanesausly
~ Cp=nings 2% an relariv e humidiry
Cpanings 40 % 4. Interaction belween Interacton betwem D178 0850 Bl
1] sum shading width sun shadimg widsh sizmificant
S =m0 %1y with wall (% () and the wall
= epenings (X opnings
Lror (X Jon relative
[ bumidity
% Sowrce. data analyas resulls (2017}
3040
g 4
:
E
E 30,2071
20001
Sun-halmunm Smsmd:ﬂmtlm &mwiﬁuBMm
Sun Shading
Figure-5. Interaction between width sun shading and wall
openings to the indoor air temperature.
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Table-4. Summary of paired t-test analysis between
width sun shading and wall opening variation to
relative humidity.

No. Sun shading Sun shading The differenceon 1] Information
width wadth the relative
humidity average
1 Om 18m -1.1978 0053 No
significant
Jb6m -1.7713 0.003 Significant
1 8m igm 057 0.543 Mot
significant
Wall opening Wall opening The differenceon P Information
the relative
humidity average
2 10% 2% 0.5553 0565 Not
significant
40% 1.4444 0018  Significant
10%4% 40% 0.8% 0214 Not
significant

Source: data analysis resulis (2017)

Figure-6 shows the direct relationship between
estimated marginal means and width of sun shading at
percentage wall opening of 10%, 20% and 40%. The wall
opening of 10% has the highest impact between marginal
means and width of sun shading. It is evident that as a low
percentage of wall opening and the wider sun shading will
increase the percentage difference of relative humidity for
the colonial office building particularly in Semarang City,
Indonesia. Conversely, as the percentage of wall opening
increase and the narrower the width of sun shading will
reduce the percentage of difference in term of relative
humidity.

Estimated Marginal Means of Relative humidity

7800 ‘Wall openings

— Oiperirgs 10 %
Dpenirgs I
Operirgs 40 %

4
g
1

76 00

Estimated Marginal Means
b |
B
1

74.009

T T
Sunshashg130m  Sun shadng 3E0m
Sun Shading

I
Sun snadng 0 m

Figure-6. Interaction between the width of the sun shading
and a wall opening to the relative humidity.

4. CONCLUSIONS
The mnclusinn@as&d on the results of the study
and previous discussion about the_effect of width of the
sun shading and wall openings to"fhdoor air temperature
and relative humidity of the colonial office building in
Semarang are as follows:
a) The width of the sun shading and the percentage of
wall openings simultaneously affect the thermal
comfort of the colonial office room in that it has

differﬂn%dmr air temperature and relative humidity.

b) At the narrowest wall opening which was 10% and
the widest width of the sun shading which was 3.60
m, the indoor air temperature reached the lowest,
which means the most convenient.

c) At the widest sun shading which was 3.60 m and the
narrowest wall opening which was 10%, the relative
humidity reached the highest.

d) ThEQGGTEElSG in the indoor air temperature was
determined by the width of the sun shading and the
increase of relative humidity was determined by the
width of wall opening of the colonial office.

REFERENCES

Christina P. and Maria P. 2006. Petunjuk praktikum
instrumentasi kimia: analisis kesalahan dalam spektrometri

serapan atom. Yogyakarta: STTN-BATAN.

Departemen Pekerjaan Umum. 1993. Standard tata cara
perencanaan teknis konservasi energi pada bangunan
gedung (SK SNI T-14-1993-03). Bandung: Yayasan

Lembaga Penelitian Masalah Bangunan.

Gratia, E. and A. De Herde. 2007. The most efficient
position of shading devices in a double-skin facade.
Energy and Buildings. 39(3): 364-373.

Harry  Seidlear. 2011. Sunlight and
Architectural Science Review. 2(1): 47-48.

architecture,

Hendrarto, T., Naftaria, A.N., Chaerina,Y., Disaina D.
2014. Telah penghawaan udara alami pada ruang dalam
rumah kuncen di kampung pulo. Reka Karsa Jurnal Online
Institut Teknologi Nasional.

Idham, Noor Cholis. 2016. Arsitektur dan kenyamanan
termal, Penerbit Andi, Yogyakarta, Indonesia.

Kim, Leight, Kim, and Cho. 2015. A study on external
shading devices for reducing cooling loads and improving

day lighting in office buildings. Journal of Asian
Architecture and Building Engineering. 14(3): 687-694.

Nedhal A. Al-Tamimi and Sharipah Fairuz Syed Fadhil.
2011. The potential of shading devices for temperature
reduction in high-rise residential buildings in tropics. 2011
International Conference on Green Buildings and

Sustainable Cities, Procedia Engineering, Elsevier. 21:
273-282.

Purwanto LMF. 2004. Kenyamanan termal pada bangunan
kolonial Belanda di semarang. Dimensi Teknik Arsitektur.

32(2).

Sander Greenland, Stephen J. Senn, Kenneth J. Rothman,
John B. Carlin, Charles Poole, Steven N. Goodman, and

https://unika.turnitin.com/viewer/submissions/oid:28973:9880593/print?locale=en

840

10/11



9/29/21, 9:30 AM THERMAL COMFORT OF COLONIAL OFFICE.pdf

VOL. 14, NO, 4, FEBRUARY 2019 IS5N 1819-6608
ARPN Journal of Engineering and Applied Sciences
©32006-2019 Asian Research Publishing Network (4RPN). All nghts reserved. @

www.arpnjournals.com

Douglas G. Altman. 2016. Statistical tests, P-values,
confidence intervals, and power: a guide to
misinterpretations. Journal of Epidemiology. 31: 337-350.

Sara Omrami. 2018. Natural ventilation in high-rise
apartments in hot-humid climates, PhD thesis, School of
design, Faculty of Creative Industries, Queensland
University of Technology, Australia.

Sock Tang Phang. 2007. The Singapore model of housing
and the welfare state, housing and the new welfare state:
Perspectives from East Asia and Europe, 15-44. Research
Collection, School of Economics. pp. 1-46.

Taylor. J. R. 1997. An introduction to uncertainty analysis:
the studies of uncertainties in physical measurements. Mill
Valley, University Science Books.

Tzempelikos A. 2010. Indoor thermal environmental
conditions near glazed facades with shading devices - Part
II: Thermal comfort simulation and impact of glazing and
shading properties. Building and Environment. 45(11):
2517-2525.

Wong Nyuk H. and Agustinus D.I. 2003. Effects of
external shading devices on daylighting and natural
ventilation, 8" International IBPSA-2003, Netherlands.
475-482.

Wong N. H. and S. Li. 2007. A study of the effectiveness
of passive climate control in naturally ventilated
residential buildings in  Singapore. Building and
Environment. 42: 1395-1405.

Yang k.h. and Hwang, R.1. 1995. Energy conservation of
buildings in Taiwan, Pattern Recognition. 28(10): 1483-
1491.

Yu J.C. Yang and Tian L. 2008. Low-energy envelope
design of residential building in hot summer and cold
winter zone in China, Energy and Buildings. 40(8): 1536-
1546.

841

https://unika.turnitin.com/viewer/submissions/oid:28973:9880593/print?locale=en 1111



