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Abstract

Currently, home-based computing workspaces have developed substantially all over the world, especially in Malaysia. This growing
trend attracts computer workers to run a business from their residential units. Hence, visual comfort needs to be considered in addition
to thermal comfort for home workers in their residential working rooms. While such rooms are always occupied with furniture, the
layout of the furniture may influence the indoor daylighting distribution. Several various furniture layouts can be arranged in a residential
working room. However, to have better generalisation, this study focused on the impacts of mostly-used-furniture-layouts (MUFLs) on
indoor daylighting performance in residential working rooms. The field measurement was conducted in a typically furnished room under
a tropical sky to validate the results of the simulation software under different sky conditions. Then, daylight ratio (DR), as a quantitative
daylighting variable, and the illuminance uniformity ratio (IUR), CIE glare index (CGI), and Guth visual comfort probability (GVCP),
as qualitative daylighting variables, were analysed through simulation experiments. In conclusion, by changing the furniture layout,
daylight uniformity recorded the highest fluctuations in the case room among all variables. While various furniture layouts, in a
residential working room in the tropics, may even slightly reduce the extreme indoor daylight quantity, they can worsen the indoor
daylight quality compared to an unfurnished space. The paper shows that furniture as an interior design parameter cannot help to improve

tropical daylighting performance in a building.

© 2018 The Author(s). Published by solarlits.com. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).

1. Introduction

In recent years, people prefer to work from their home for many
reasons, such as saving time, increasing productivity and
flexibility, reducing commuting and facilities costs, independence,
etc. Hence, the prospect of residential offices has obtained a
reputation over the years [1,2]. The fast development of
communications technology and computer capabilities was the
main reason for the increase of home-based offices. Hence, this
trend has increased in parallel with the rapid development of
technology [3]. Home-based office has been recently focused by
the government in Malaysia to encourage the citizens to work from
their residential units [4]. A recent survey in several residential
buildings in Malaysia [5] shows that most of the occupants
(approximately 70%) carried out computer-related tasks in
addition to other household tasks in their residential units during
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the daytime (9 am to 5 pm). Overall, desk-related tasks (reading,
writing, and computing) are frequently done by workers in their
residential working rooms during the daytime. Based on the Green
Building Index (GBI) for residential buildings, daylighting is a
major criterion under the category of indoor environmental quality
since a quarter of the total points is devoted to daylighting [6].
Thus, considering visual comfort in residential buildings is as
significant as providing visual comfort for workers in office
buildings. While previous daylighting studies in Malaysia merely
focused on office buildings, this study investigates daylight
distribution in existing residential buildings.

Daylighting is a significant passive design strategy, especially
for reducing energy consumption in buildings [7-10]. Based on
previous studies [11-16], efficient design of daylighting can
substantially provide a healthy indoor environment, energy
savings in terms of lighting, and preferable visual comfort for the
residents. In the tropics, daylight always brings more heat
compared to electric lighting. Daylighting is a major design
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strategy that needs to be implemented in buildings by architects at
the beginning design stages [17]. Daylighting is essential to be
utilized for building design in tropical areas due to severe sunlight
penetration, changeable formation of clouds within a minute, and
high external illuminance [18-20]. Previous research studies in
tropical climates argue that external illuminance under the tropical
skies could be as big as 140000 lux [21,22]. Zain-Ahmed, Sopian
[12] indicates that minimum 10% energy could be saved through
implementing daylighting strategies in buildings under tropical
skies. Recent studies investigated passive design parameters that
can influence daylight distribution in a building, such as the colour
of the external fagade [23], window-to-wall ratio [24], window
glazing [25], external obstructions [26], window orientation [27],
atrium [28,29], self-shading strategy [30], automated solar shading
[31,32], light pipe [33,34], etc. These strategies should be
implemented in buildings at the preliminary stages of design.
However, end users are unable to retrofit those fixed parameters
after occupancy in their houses, but they can alter interior design
parameters, such as the internal shading device, furniture, etc.
Previous studies [35-37] explain different internal shading devices
that can considerably influence indoor daylight performance. This
study focused on the impacts of furniture - as a typical interior
design element- on indoor daylighting performance in residential
buildings.

Furniture has a great influence on daylighting efficiency in
buildings through reflecting or shading solar light [11]. Indoor
environmental qualities, in terms of thermal and visual comfort,
may be changed through different arrangements of furniture in
buildings [38]. A study by Dubois [11] shows that by inserting
furniture in a room in temperate climates, the difference of
illuminance levels between a furnished and an unfurnished room
can remarkably fluctuate by 35%. Every arrangement of furniture
makes a specific light distribution; therefore, furniture can
obviously influence indoor illuminance level [39]. Thus, it is
essential to investigate the impact of furniture on daylighting as
the physical surfaces and masses may considerably affect indoor
daylight distribution. In order to accurately simulate daylighting
condition in a residential working room, it is important to consider
suitable furniture arrangements. Since a wide range of various
furniture arrangements can be existed, it is improper to consider a
casual layout as the representative for all the others. On the other
hand, it is infeasible to consider all the available furniture layouts
in a residential working room for analysis of indoor daylight level.
For this reason, furniture has been mostly overlooked in previous

studies on daylight simulation experiments in buildings under a
tropical sky. Thus, in this paper, typologies of mostly used
furniture layout (MUFL) in residential working rooms should be
employed to have better generalization on furniture.

A questionnaire survey on furniture arrangements in working
rooms was conducted by Mousavi, Khan [5] in 11 residential
buildings in Johor Bahru, Malaysia. As desk-related tasks had the
highest usage among home workers and the focus of this research
is on such activities in a working room, typologies of MUFL were
determined based on different locations of a desk in a typical
working room (Fig. 1). Accordingly, three locations were
frequently selected by home workers to place a desk in their
working room (along a wall at the window, along a wall opposite
the window, and along sidewalls). Among the typologies of
furniture layout, plan A had the highest usage by respondents. The
location of other possible furniture was determined based on their
most selected position in the working room. For example, as
shown in Fig. 1(a), when the location of a desk is near the
sidewalls, a bed was frequently positioned near the window wall;
a drawer was mostly positioned near the rear wall, while a
bookshelf and a storage cabinet were often located near the
sidewalls. For the remainder of the study, these three typologies of
MUFL were considered for daylight simulation experiments in the
case room.

In summary, due to the rapid development of home-based
computing workspaces in Malaysia, it was essential to improve
indoor visual comfort in existing residential buildings, which
constituted a vast majority of building types in main urban regions
in Malaysia. Beside office buildings, visual comfort and
daylighting design should be considered in existing residential
buildings. Although the furniture was overlooked in previous
daylighting studies in tropical areas, this study focused on
furniture as an important interior design element affecting indoor
daylight distribution. Thus, this paper aimed to show the impact of
the furniture layout on the qualitative and quantitative
performance of tropical daylight in the existing residential
buildings in Malaysia.

2. Materials and methods

This paper employed the Radiance simulation program in the IES-
VE software (Integrated Environmental Solution-Virtual
Environment) to investigate daylight performance in a typical
residential working room with different furniture layouts. IES-VE
is a multi-functional simulation software that can be applied to

Fig. 1. Typologies of MUFL in the residential buildings in Johor Bahru.
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Fig. 2. (a) Simulated model of the furnished test room by IES-VE-2014, (b) section, and (c) plan of test room configuration.

energy analysis and green buildings from the beginning design
stages [40]. IES-VE can efficiently simulate daylight conditions in
a building through the Radiance-IES simulation engine. Previous
research showed that the Radiance-IES is the most comprehensive
daylight simulation engine, compared with several daylight
simulation programs, to measure quantitative and also qualitative
performances of daylight in buildings [41]. Several studies on
daylighting for tropical regions also used the Radiance-IES
program [24,40,42,43].

2.1. Empirical validation of radiance-IES under a tropical sky
through field measurement

According to previous studies, the condition of tropical skies is
substantially different from the CIE (International Commission on
[llumination) sky used by the Radiance-IES program. Hence, the
validity of using static CIE sky models for daylight simulation
analysis under a dynamic tropical sky is arguable [21,44]. Thus,
before running the daylight simulation tests, an actual field
measurement of daylight should be taken under the Malaysian
tropical sky in order to validate the simulated results. Field
measurement as a most reliable method can be conducted to
accurately evaluate the indoor daylight condition [45].

2.1.1. Specifications of the test room

As this study focused on furniture, a furnished room was selected
for the daylight measurement. The test room was located at UTM

(Universiti Teknologi Malaysia), Johor, Malaysia. Through
‘ModellT” and ‘Components’ programs in IES-VE 2014, the
furnished test room was modelled with the same specifications, as
shown in Fig. 2(a). Figure 2(b-c) illustrates the room’s geometry.
To model the furnished test room accurately in the simulation
software, it was essential to regenerate different real conditions
[46]. Hence, before doing simulation experiments, the reflectance
values of interior surfaces and furniture in the test room were
required to be accurately determined. Due to the lack of a
luminance metre, there was a limitation in measuring the surfaces
reflectance precisely. However, a digital lux metre was employed
to estimate reflectance values of all the physical surfaces in the test
room. Hence, the lux metre measured the incident light moving to
a surface (E1) and the reflected light coming from that surface (E»).
It should be noted that the distance of illuminance sensors from all
the studied surfaces was approximately 2.3” in both conditions
[47]. Equation (1) demonstrates the value of the surface
reflectance. Table 1 represents the colour and measured
reflectance values of various surfaces in the test room.

Surface reflectance :i—z x 100% (1)
1
2.1.2. Experiment setting

As shown in Fig. 3, three positions, P1, P2, and P3, were
determined at the work plane height (75 c¢cm) in the test room to
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Fig. 3. Position of internal and external illuminance sensors in the furnished test room.

calculate work plane illuminance (WPI), and a position was
specified on the building’s roof to measure outdoor illuminance
(Eo). An LP-471-PHOT Probe was employed to calculate the WPI
values, a Photo-Radiometer Delta-OHM-HD-2012.2 was applied
as the data logger, a Delta-OHM-HD35EDL as the wireless data
logger, and a Delta-OHM-LP-PHOT 02 lux metre was employed
to measure outdoor illuminance values. Prior to measuring
daylight in the test room, calibration test of the instruments was
done on the day before performing the field measurement to assess
the accuracy and error of all the required equipment compared
with one another (Fig. 4).

2.1.3. Experiment setting

The measurements were carried out in the furnished test room
from 10 am to 6 pm during a four-day period (3-6 March 2015).
The time interval of taking measurements was five minutes, while
the time required for running daylight simulation experiments was
an hour since it was impractical and far from the scope of this
paper to set the time interval to 5 minutes for the simulation
experiments. However, the average value of the measured results
for each hour, which included 12 recordings, was compared with
the simulated record for the equivalent hour. According to the data
obtained from the Meteorology Station of Johor Bahru [48], the
weather history for each hour was determined to record the
tropical sky conditions during the field measurement. In addition,
conditions of the sky were also recorded by a Fisheye camera for
each hour during the measurement. By comparison of the photos
recorded by a Fisheye camera and also the data collected from the

Table 1. Specifications of the studied surfaces in the room.

Physical Surface Colour Reflectance Value (%)
Ceiling White 85.7
Floor Blue 11.8
Walls Cream 69.9
Furniture Brown 39.8
External shading White 85.2

Meteorology Station, the sky conditions during the field
measurement were determined. Table 2 summarizes the conditions
of the measurement and simulation in the furnished test room.

Some daylighting performance indicators were employed in this
paper for the empirical validation of daylighting indices in
Radiance-IES under the Malaysian tropical climate. WPI was
employed to compare the measured illuminance values with the
simulated ones at the three internal positions. EO, as the external
illuminance, was employed to evaluate the difference between the
CIE sky and the tropical sky under various conditions (overcast
and intermediate). Daylight ratio (DR) and daylight factor (DF),
as shown in Eq. (2), are both specified as the ratio of WPI values
to Eo values on a horizontal surface [49]. Since the tropical sky is
extremely dynamic, EO is usually up to 20 klux for an overcast sky,
while this value is usually greater than 20 klux for an intermediate
sky; DR and DF are representatives of intermediate and overcast
skies, respectively.

DF or DR == % 100% Q)
0

2089/ 08

Fig. 4. Assessing the precision of the needed instruments through the calibration
test.
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Table 2. Summary of the measurement and simulation procedures of daylight in the furnished room.
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Day Date Start Time End Time Recording time interval Sky condition
1st 3 Mar 2015 10 am 6 pm 5 min (M), 1 hour (S)- 3 hrs Intermediate & 5 hrs Overcast
2nd 4 Mar 2015 10 am 6 pm 5 min (M), 1 hour (S) 5 hrs Intermediate & 3 hrs Overcast
3rd 5 Mar 2015 10 am 6 pm 5 min (M), 1 hour (S) 5 hrs Intermediate & 3 hrs Overcast
4th 6 Mar 2015 10 am 6 pm 5 min (M), 1 hour (S) 6 hrs Intermediate & 2 hrs Overcast
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Fig. 5. Location of the reference points and camera in the case room.

2.2. Simulation of MUFLs with Radiance-IES
2.2.1. Simulation setting

The standardized configuration of a typical working room (Fig. 5)
with the three typologies of MUFLs (Fig. 1) in the existing
residential buildings in Johor Bahru was modelled through the
‘Model Builder’ application in the IES-VE software. For
generalisation purposes, a case room with only one window was
assumed without any external shading devices. The surface
reflectance of the case room was adjusted based on the average
reflectance of the interior surfaces of residences obtained from the
guidelines [50,51]. Accordingly, surface reflectance values of
70%, 50%, and 20% were assigned to the ceiling, walls, and floor,
respectively. Furniture specifications in terms of type, material
and colour were determined based on a social survey conducted in
residential buildings in Johor Bahru [5]. However, the reflectance
values of furniture surfaces were determined based on the adjusted
colour for the selected furniture [52], as shown in Table 3.

2.2.2. Simulation procedure

Previous daylighting studies in the tropics clarified that
intermediate sky is the predominant sky type (approximately 86%
time of a year) in the Malaysian tropical climate [21,22].
Accordingly, an intermediate sky was used for the simulation
experiments. For a better generalisation, the cardinal orientations
(N, S, E, W) were used in this paper. The selected dates and times
for the simulation experiments indicated the critical and diverse
position of the sun during the solstices and the equinoxes.

‘Illuminance-WP-data’ and ‘Luminance’ images in the
Radiance-IES program were simulated to demonstrate the indoor
daylight performance for different conditions. In this case, a

025mM.50m 0.50m 050m 0.50m 050m 0.50 m 0.50 m 0.50 n®.25m
P 3 P
7 7 v 7

450m

Section

Reference Grid @ Camera View [

reference grid for illuminance metrics and a camera for luminance
metrics were determined. To create illuminance-related images,
the reference grid was placed at the work plane height. There can
be many viewing directions depending on the sitting positions in
the case room; however, to generate luminance images, only 1
camera was placed at a 115 cm height above the floor (eye line in
a sitting status on an office chair) towards the window since the
main source of glare is from the window. In addition, the camera
was placed near the back wall to show the effects of all the
available furniture in the case room on indoor daylight
performance. Figure 5 illustrates the configuration of case room,
reference points, and the camera for the daylight simulation tests.

2.2.3. Simulation outputs

To evaluate indoor daylighting performance in the case room,
some criteria related to illuminance and luminance need to be
analysed. The DR and WPI uniformity ratio (IUR), as
illuminance-related indicators, were simulated with ‘Illuminance

Table 3. Specifications of furniture modelled in the case room.

Type of furniture ~ Material [5S]  Color Suggested
reflectance [5]
Office desk Woody Brown (medium) 35%
Bed Frame Woody Brown (light) 50%
Bed Surface - White 80%
Drawer Woody Brown (medium) 35%
Storage cabinet Woody Brown (medium) 35%
Bookshelf Woody Brown (medium) 35%
Office chair - Blue (dark) 15%
Side table Woody Brown (medium) 35%
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Fig. 6. Flowchart of simulation experiments for the typical residential working room.

WP data’ in the Radiance-IES program. DR was employed for a
quantitative analysis to evaluate daylight utilization in the
residential working room under intermediate the sky. DR is used
to calculate daylight levels for areas near to the Equator [20,43].
TUR was used to assess daylight distribution qualitatively (Eq. (3));
therefore, a higher [IUR means better distribution of daylight.
However, a lower IUR represents non-uniform distribution of
daylight in a building causing visual discomfort and glare. There
are several luminance-related indices to evaluate glare condition
in a building. However, daylighting qualitative indicators of CIE
glare index (CGI) and Guth visual comfort probability (GVCP)
were normally applied as the international measures of glare
[43,53,54]. GVCP represents the percentage of users who are
content with a specific view. CGI is an international unit less
indicator of visual comfort [11].

WPI Uniformity Ratio (IUR)=

Minimum WPI (3)

To sum up, Fig. 6 summarizes the overall procedure of
simulation experiments of MUFLs in the case room. As it can be
seen, four types including one unfurnished and three furnished
conditions of the case room were determined for the simulation
experiments. Finally, the simulated results of each furnished type
in terms of DR, IUR, GVCP, and CGI were compared with those

Average WPI

of an unfurnished type to draw a conclusion on the impact of
typical furniture layouts on indoor daylighting performance.

3. Results
3.1. Validation of Radiance-IES under a tropical sky

Figure 7 shows the results of the simulated and measured outdoor
illuminance in the case room during four days of the field

oo o —
120000
=) —e—M1
5100000
o —&— M2
g
& 80000 —m— M3
§ —e—Ma
= 60000
] -6 -51
2
3 40000 -A-52
- B3
20000 S
0
10:00 11:00 1200 1:00 2:00 3:00 4:00 500 6:00
AM AM PM PM  PM PM  PM  PM  PM

Fig. 7. Simulated and measured outdoor illuminance.
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Fig. 8. (a-c) Mean values of simulated and measured WPI during the four days at P1, P2, and P3.

measurement on average. The results of measured outdoor
illuminance under the real tropical sky (M1-M4) were far greater
than the simulated values of a CIE sky (S1-S4). The difference
between the simulated and measured data was up to 85 % on all
days (day three at one pm). While the simulated outdoor
illuminance had almost steady fluctuations of less than 20000 lux,
the measured one varied severely up to 120000 lux during the field
measurement.

Figure 8 illustrates the difference between measured and
simulated absolute WPI for the three points in the test room on all
the studied days. Since WPI is directly related to the outdoor
illuminance, the results of WPI during the measurement were
much higher than the simulated results. In both measurement and
simulation, as the distance from the window gets bigger the WPI
value decreases. However, this reduction for measured results was
far greater than the simulated ones. Overall, during the four days,
the mean differences of the measured from simulated WPI values
were 86 %, 84 %, and 76 % for P3, P2, and P1, respectively.

The differences between the simulated and measured values of
the outdoor illuminance and absolute WPI were much higher than
the results of DR and DF, as shown in Fig. 9. However, the
simulated values of DR and DF were lower than their measured
counterparts. As with the outcomes of WPIL, a similar pattern was
recorded in DR and DF in that the results reduces from P1 to P3
in parallel with the distance gets bigger from the window. Overall,
the mean simulated and measured results of DF were 2.3% and
2.8%, and the mean measured and simulated DR results were 1.7%
and 1.0%, respectively.

Statistical analysis was used to assess the value of Pearson
correlation for simulated and measured values in the furnished test
room. There existed a significant correlation between measured
and simulated results of the relative ratios (DR and DF) with the
Pearson correlation of 0.774 and 0.856, respectively, under a

5'7:’ —&— DF (M)
= — & DF(5)

é —&— DR (M)
g —B DR(S)

-~
b - a

0 f . f |
P1 P2 P3

Fig. 9. Mean simulated and measured results of DR and DF at the three points in
the test room.

Table 4. Pearson correlation for simulated and measured values of DF and DR
under Malaysian tropical sky.

Daylight Indicators Pearson Correlation  Sig. (2-tailed) N
DF .807** 0.000 48
DR 174%% 0.000 48

** Correlation is significant at the 0.01 level (2 tailed).
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Malaysian tropical sky (Table 4). However, as an intermediate sky
is the predominant type of the Malaysian sky, only DR was
employed for the further simulation experiments.

3.2. Analysis of illuminance-related indices (DR and IUR)

The sun paths in Johor Bahru were simulated under intermediate
sky on 21 Mar, 22 Jun and 22 Dec; (9:00, 12:00, and 15:00); for
all the cardinal orientations (Fig. 10).

Figure 11 depicts the mean results of DR at the reference points
under the unfurnished (base type) and the three furnished
conditions (Type A, B, C). Based on the guidelines in Malaysia
[55], the range of one to six percent is recommended for the
relative ratios. For the north orientation, the mean DR was
between one and six percent in all three furnished types, while it
was higher than six percent in the base case on June 22nd. For the
south orientation, the light levels were allowable in March and
June in the four cases, while in December only type B can decrease

the light levels to be in the acceptable range. For the east
orientation, all four types had allowable DR values at noon and
during the afternoon, while the results were excessively far higher
than the allowable range in the morning (more than 13%).
Although furnished types compared with the base type had lower
light levels in the morning, particularly type B in June and
December, the furniture layouts cannot reduce the intensive
sunlight during morning times. Under west orientation, the
average DR results were higher than the upper limit (six percent)
at 3:00 pm for the furniture types excluding type B. The light
levels were in the allowable range for the other times except March
21st at 12 pm that was lower than one percent. Overall, the mean
DR results in the three furnished rooms (particularly type B) were
lower than the DR values in the unfurnished condition. In addition,
the differences between daylight levels of furnished and
unfurnished conditions were much higher when the case room
received direct sunlight.

(2

(h) 0)

Fig. 10. Sun-paths in Johor Bahru on 21 Mar at (a) 9:00, (b) 12:00, and (¢) 15:00, 22 Jun at (d) 9:00, (e) 12:00, and (f) 15:00, and 22 Dec at (g) 9:00, (h) 12:00, and (i)

15:00.
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Fig. 11. Mean daylight ratio in the case room with different types and the cardinal orientations: (a) north (b) south (c), east, and (d) west.

While based on lighting standards [11,56,57] TUR > 0.8 is
acceptable, until now there is not any benchmark of IUR for
Malaysian context. Figure 12 demonstrates the IUR values of the
reference grid under all types of the cardinal orientations. Overall,
the results of IUR were less than 0.3 for all types and orientations.
As it can be seen, the difference between IUR results of the
furnished types B and the base type was much lower than the [UR
results of the conditions A and C compared with the base type for
all the studied times. However, the IUR results for the three
furnished conditions were lower than results of the base condition
except for type B only during those times when the case room
received direct sunlight (morning and afternoon times under east
and west orientations; and December 22" and June 22" under
south and north orientations, correspondingly). Hence, in such
times the IUR values of the furnished condition B were slightly
more than the results of the base type.

3.3. Analysis of glare-related indices (GVCP and CGI)

Based on previous studies, GVCP of 65% and 52% are allowable
for sedentary and transient cases, respectively; and CGI of 19 for

sedentary status and 22 for transient situations are acceptable
[43,53]. The GVCP values of the base type fluctuated from 23%
to 45% during all the studied time and orientations. However,
Table 5 summarizes the mean GVCP and CGI values of all the
studied times for the four types under different orientations. The
GVCP results in the base type averaged 18% and 31% lower than
the recommended minimum threshold for sedentary and transient
conditions, correspondingly. This situation worsens for the
furnished types since the average GVCP results for the three
furnished rooms were lower than the results in the base type under
different orientations.

The CGI values of the base type varied from 20 to 27 during the
studied time and orientations. The CGI values for all types were
in the allowable limit only for the transient condition (less than 22)
during the times when the case room was not directly exposed to
sunlight. However, the CGI values substantially increased up to
27 during the critical times of glare occurrence when the case room
receives direct sunlight. As shown in Table 5, the mean CGI values
in the base type were slightly higher than 22, which is the
allowable upper limit for a transient condition, while such results
clearly trespassed the upper limit for sedentary conditions at 19.
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However, all the furnished types aggravate the condition since the
average CGI values in all the furnished rooms were higher than
CGI values in the base type (Table 5).

4. Discussion

The field measurement shows that the Radiance-IES simulation
engine could properly simulate a furnished room for the tropical
skies. It is questionable to directly use the CIE sky types, which
are employed in the Radiance-IES program, for evaluating tropical
daylighting. The reason is that the value of outdoor illuminance in
the tropical climate of Malaysia could be as big as 120000 lux,
whereas the simulated value was up to 20000 lux under CIE sky.
This was in line with previous research stated that the CIE skies
had outdoor illuminance of lower than 20000 Iux while this value
was higher than 80000 lux for the Malaysia’s tropical sky
[12,21,22]. However, before using the Radiance-IES software for
a tropical climate, it needed to be validated because of the different
characteristics of CIE and tropical skies. While there were huge
differences between the simulated and measured values of the
absolute values (E0 and WPI) in the furnished room, the Pearson
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Fig. 12. WPI uniformity ratio (IUR) in the case room with different types and the cardinal orientations: (a) north (b) south (c), east, and (d) west.

correlation between the two sets of results were significant only
for relative ratios (DF and DR). This was in accordance with
previous studies that indicated Radiance-based software can
accurately be used for the tropical daylight simulation for the
relative ratios, but not absolute values [43,58].

The minimum value of mean DR was more than one percent,
which is the allowable lower daylight limit, for all the simulated
tests, except the west orientation on March 21% at 12 pm This
implies that the indoor daylight availability was substantially
adequate in the existing working rooms in residential buildings in
Malaysia. Although the DR results in the case room steadily
fluctuated during the day under the north and south orientations,
these values drastically changed under the east and west
orientations. This is in accordance with a study by Lim, Ahmad
[59] that indicates the highest inconsistent daylighting patterns
could be recorded for the rooms with east orientations in tropical
regions. The DR values were reduced for all the simulated
experiments by adding furniture in the case room. This decrease
of indoor daylight level was more sensible when the furnished
room (especially type B) receives direct sunlight compared with
indirect sunlight.
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Table 5. Mean GVCP and CGI values for the four types during the simulated times and orientation.

Luminance image of the case room

Glare Indicators

Mean

Plan view Camera view GVCP Mean CGI

East 37% 23.5
-3

I South 31% 23.1
|
2

2 West 36% 22.4

North 32% 23.0

East 30% 24.1

< South 28% 23.5
-3
2.

o West 32% 22.8

North 29% 23.3

East 31% 24.0

™ South 29% 23.4
-3
S

= West 33% 22.6

North 30% 23.2

East 29% 24.2

o) South 27% 23.5
-3
2.

& West 32% 22.8

North 27% 23.3

The mean IUR values in the unfurnished room during all
simulated tests were much lower than the recommended threshold.
However, differently furnished types (MUFLS) not only improve
indoor daylight uniformity but also deteriorate the condition.
Moreover, the IUR values had much more potential rather than DR
values to fluctuate drastically by changing the arrangement of
furniture in the case room. This shows that the furniture layout has
a major influence on daylight distribution uniformity in the room.
The findings of GVCP and CGI showed that the daylight quality
in the case room (without furniture) for all the simulated
experiments was lower than the allowable ranges for transient and
sedentary conditions. By furnishing the case room, even with
different arrangements, the indoor visual comfort not only
improved, but also it worsened the situation in terms of glare
problems. Previous studies used relative differences to compare
two daylight variables under different conditions [11].
Accordingly, Eq. (4) shows a method to draw a comparison

between daylight variables (DR, IUR, GVCP, and CGI) in the
three furnished types from the unfurnished one:

E“;uEf x 100% 4)

Relative difference =

where E, and Er are representative of daylight indicators in the
unfurnished and the three furnished rooms, respectively. Table 6
summarizes the mean relative difference of daylighting variables
in the three furnished types (A, B, and C) from the unfurnished
type for all the simulated tests. On average, all three furnished
types reduce the mean DR values approximately 11% compared
with the base type. This is in line with an investigation in
temperate climates that indicates furniture may reduce daylight
levels in a room [11]. The difference of IUR values between
furnished and unfurnished conditions was obviously distinct for
each furniture arrangement. Accordingly, type C recorded the high
difference of 86% while type B had a 15% decrement of [UR
results compared with the base type. It can be reasoned that
various layouts of furniture in a room could greatly influence
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Table 6. Mean percentage of relative difference for daylight metrics in the
furnished rooms from the base type for all simulated tests.

Variable Relative Difference

Type A Type B Type C Average
DR -7% -16% -10% -11%
IUR -79% -15% -86% -60%
GVCP -11% -10% -14% -12%
CGl 2% 1% 2% 2%

indoor daylight distribution uniformity. Thus, high reduction of
daylight distribution uniformity in a building is the main impact of
furniture on indoor daylighting performance. The mean relative
difference of GVCP and CGI results was nearly similar in quantity
for each furnished type. By furnishing the case room, on average
a 12% decrement of GVCP values and a slight 2% increment of
CGI values can be observed. Therefore, furnishing a room,
irrespective of its arrangement, could increase glare and visual
discomfort.

Overall, type B compared with the other furnished types had
better indoor daylighting performance, particularly for
illuminance-related metrics since whenever sunlight directly came
inside the furnished room (type B), it dropped somewhere between
the window and the bed. Therefore, the bed affected the daylight
level reaching the rear space of the room that caused a reduction
in the average indoor daylight level. Based on the solar angle and
furniture position, furniture may reflect direct sunlight further in
buildings or shade it from the rest. While the occupants of
residential buildings in the context of Malaysia have more
tendencies for choosing type A to furnish their residential working
rooms [5], in this paper, type B represented better indoor daylight
performance than the other furnished conditions. This indicates
that the social needs of people had a higher priority over the
environmental needs, especially daylight utilization, when
furnishing their residential working rooms.

5. Conclusion

This paper focused on the impact of different furniture layouts
on the quantitative and qualitative daylighting performances in
residential working rooms. Though a vast majority of furniture
arrangements could be discovered in reality, in order to have a
better generalisation, the MUFLs in a typical working room of
residential buildings in Malaysia were employed in this study. The
field measurement under a tropical sky only validated the relative
ratios of the daylighting variables in the Radiance-IES. Therefore,
IUR and DR as illuminance-related metrics, CGI and GVCP as
glare metrics were employed to assess indoor daylighting
condition. Based on the findings of field measurement, as shown
in Fig. 7, the outdoor illuminance under a tropical sky can be as
high as 120 klux (third day of measurement at 1 pm).This extreme
outdoor illuminance under the tropical sky can cause high indoor
daylight levels, especially for the east and west orientations. The
study showed that different furniture layouts can decrease the
indoor daylight availability on average by approximately 11%, as
shown in Table 6. The importance of furniture layout on the
reduction of the indoor light level is more sensible when it is
placed in a way that decreases the depth of the daylighting space
by preventing sunlight from reaching the hind space of a room. By
changing the layout of the furniture in the case room, daylight
distribution uniformity recorded the biggest fluctuations among

the other daylighting variables. It can be concluded that while
various furniture arrangements may even slightly decrease the
extreme daylight quantity (DR) in the tropics, they can also
deteriorate the indoor daylight quality (IUR, GVCP, and CGI)
compared with an unfurnished space. Thus, furniture as an interior
design element could not improve tropical daylight performance
in a building. Future studies can investigate the impacts of
different interior design variables (such as surface reflectance,
glazing tinting and internal shading controls) on indoor
daylighting performance.
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