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very great role in improving the students learning [6]. It has
Abstract—This paper investigated the impact of ceiling heighbeen proven that good daylighting reduces dependence on
and window head heights variation on daylighting inside architecturaftificial lighting. It is often preferable for studio architecture

teaching studio with a full width window. In architectural educationto be open and have larger study room than conventional
using the studio is more than normal classroom in most credit hougsassrooms.
Therefore, window position, size and dimension of studio have direct yowever. the dimension of ceiling heights and window

influence on level of daylighting. Daylighting design is a criticalnead heights must always be considered in order to achieve
factor that improves student learning, concentration and behavior,ﬁ & optimum daylighting standard. Gregge and Ander in 1995

addition to these, it also reduces energy consumption. T . . ; .
methodology of analysis involves using Radiance in IES<VES ated that the height and size of window are the major

software under overcast and cloudy sky in Malaysia. It has be¥ariables needed to get the preferred value of natural light [7].
established that presentation of daylighting of architecture studio chRiS paper presented an investigation into the determination of
be enhanced by changing the ceiling heights and window levéhe dimension of ceiling height and window head heights with
because, different ceiling heights and window head heights cemspect to Malaysia’s standard.
contribute to different range of daylight levels.

Il. STUDIO SPACE CHARACTERIZES

Daylighting creates a more attractive atmosphere quality
and provide an appropriate working place where visual tasks
can be comfortably carried out during the day [8].
Architectural studios have a history of large open design with

EFORE 1950, the majority of educational space wasatural lighting where each student is allocated a desk for

utilized by natural lighting [1]. Daylighting is a significant drawing and construction of models manually [9].
factor in the design of educational building, it does not only Most of architectural school are still utilizing manual
affect the consumption of energy by displacing artificiatirawing techniques; although, computer technology has been
lighting, it also impacts on health, level of stress anitroduced to assist in drawing and presentation since the ‘80s
performance of students [2]. This is so because, it Rt this has not replaced the manual operation [10].
complicated to supply the adequate value of daylight The Requirement of Lighting is the most important value
throughout a side lit space [3]. Comparison between norni@f these type of classrooms, therefore, the recommended
classroom and studio has shown that in formal classroomC@nPonents for these type of building must be used to
relationship exists between teachers and students only whildprove the phgnomenon of dayl|ght'|ng [11].' Natural_hghtlr)g
a studio, it exists between teachers and students as well® QUId be prowdgd from the studgnts left side [9.]’ dimension
within student to student [4]. In addition, most of the times, i desk for drawing should be suitable for AQ size of paper
is found out in studios that there exists better cooperati&?l2><127 cm); therefO(e each space requires 3.5 to 4.pem
among students, and this brings out the best in them. Quitét dents and clear height should be 2.70-3.40 m [12].

number of scholars have reported the use of studio architectHre he am Of. arch|_tecture Stl.JFj'o was to design optimum
. . . aylighting using different ceiling heights for architecture
is an outstanding model of education [5].

. . _studio (576 ) which can occupy approximately 100
In architectural schpql_, th.e studio is used for more than | dents. It is better to situate classroom on the lower floors to
normal classroom activities; consequently, the lighting playsp%vide better access and support services [13]. The
orientation of an educational building should be considered
along the east- west axis to optimize a position where south
Seyedehzahra Mirrahimi, PhD Student at Department of ArchitecturBaces the north [14]; since the sun path can have a significant
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|. INTRODUCTION
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PJ Waldram in 1913[16] explained that the ratio of the
glazing area to floor area is one tenth in ordeolttain the
minimum requirement of daylighting [16].

I1l. METHODOLOGY

For this research, 3 models of architecture studerye
simulated with various ceiling and window head hésgin
Malaysia. The case study used for the objectiveti$
research was 36m width, 16m depth with differerirgeand
window head heights. The models were located ingtbend
floor. The studio received natural lighting fromnabws in
the south wall. As shown in Fig.1 (case studyhg windows’
head heights were fixed 2.1 m from the floor anal fthtio of
window area to floor area through which the siniatst were
runwas 10%, the range of ceiling heights was frofnn2 to 10
m. It can be seen in Fig.2 that the range ofrogilieights and
window head heights increased from 2.4 m to 10 chG& m
to 7.8 m respectively in Case Study 2. The ruletrmfmb
glazing area to floor similar to Case Studyl andeC&tudy?2
was 10%. Fig.3 showed Case Study 3, the ceilirightse
were increased from 3 m to 10 m and the RatiolaZigg
area to floor area were greater than the CS 1 a8d, C
approximately by 13% , this is so because,
windows with full width wall and window head 0.5 and
0.3m from the ceiling.

s s S

Fig. 2 Case Study 2
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Fig. 3 Case Study 3

A.Smulation

The present study uses Radiance in Integrated
Environmental Solution <Virtual Environment> |ESE¥
program to evaluate the average daylight factor
iluminance in an  architecture studio environmeint
Malaysia. Radiance is a software package develdyyethe
Lighting Systems Research group at the Lawrencéebsy
Laboratory in California, USA. Radiance was develb@as a
research tool for predicting the distribution oible radiation
in illuminated spaces. Radiance is internationadigognised

and

CS3e haas one of the leading lighting simulation tools iade.

Radiance is a program that can analyse daylighiing a
collection of program of graphical simulation. Mover, it
has been validated and considered appropriateafoulation
of illuminance and prediction of internal illuminam with a
high degree of accuracy for various sky conditidrig.

Table shows .1 the condition of simulation in Subang,
Kuala Lumpur, it is the nearest to the case studies it is
situated at 3.12° North and 101.55° East longitadd 22°
altitude. The CIE standard overcast sky and umifaloudy
sky were assumed for sky condition according todiveate
of Malaysia. Most typically, sky used CIE overcagly for
program of simulation as well as standard mathemati
recommended for relative luminance. [11] The vabdiehe
reflectance of rooms has an important effect on the
performance of daylighting. Internal surface refece value
for ceiling, wall and floor were 80%, 50% and 20%
respectively; furthermore, the transmittance ofdglezing was
80% in the simulation of the case study accordinglES
standard. The reflection from ceiling was brightiean from
walls and floor. In addition, the reflections frdioth the walls
and floors are also important for daylighting [7The
calculations for the purpose of estimating daytlighels were
set on 21st of July at 12 pm on the working plarci®s
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TABLE |
RELATED INFORMATION TO THECOMPUTERSIMULATION

Related information to the computer simulation

Date of simulation July 21 st

Time of simulation 12 pm

Location Kuala Lumpur- Subang
Latitude 3.12° North

Longitude 101.55° East

Sky condition CIE standard overcast sky

Reflected of wall 50%
Reflected of floor 20%
Reflected of ceiling 80%
Transmittance of glazing 80%

IV. RESULT AND DISCUSSION

According to the CIBSE, provision is made for thesign
of illuminance for types of classroom within thenga from
300 to 500 lux.

Malaysian standard code of practice on energy ieffiy
and use of renewable energy for non-residentidtimgs had
recommended between 300 to 400 lux as range of
illuminance level for drawing office, however, itggested
that for exact drawing, the value must be aroun@01fux
(table 2) [3, 18].

TABLE Il
ILLUMINANCE LEVEL ACCORDING TOMALAYSIAN STANDARD 1525

llluminance type Activity llluminance (lux
Working interiors General offices, 300-4®

reading and writing,

drawing office 30C-40C
Exacting task Proof reading 500

Exacting drawing 1000

Detailed and precise 2000
work

A. Case Sudy 1

It can be seen in Fig. 6 that the average illuniean
increased with increasing ceiling heights and #ffect was
less under the overcast sky than under the clokgy As
ceiling heights were increased beyond 7 meters atlegage
illuminance increment became more significant adicay to
Malaysian standard under overcast skies.

The range of average illuminance obtained was letwe
345 lux to 580 lux and 525 lux to 825 lux under reast and
cloudy skies respectively. The linear correlatidnained, R
value (i.e. the correlation factor) is more tha for the mode
| of the studio for both skies, its value is clasand for this
reason it is obvious that a high quantity of catien exists
between the two set of outcomes.

The analysis of simulation of studli can be described in
various ways. Researchers stated that naturat lighthe
rooms from the aperture received from direct
illuminance of the sunlight, ground reflected liglatnd
illumination from the sky. (Fig. 5)[7, 11, 19]

Robbins suggested that the control and improvenoént
light from the external ground plane should be yred inside
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the building. These are some of the other reasdmg tive
impact of the reflectance from the surface hasgaifstant
effect on the value of daylighting. In additiongtheflection
from the ceiling constitutes the most importantface in the
rooms[7].

Other researchers believe that highly reflectindlsvand
ceiling can develop the optimum result of illumica[16].

Consequently, the design of Case Study 1 was cheikn
the large ceiling surface as well as the brightection from
ceiling which was about 80%.

As ceiling heights increase, there is the possjbilf getting
more reflected light from the external ground te ttepth of
of bright ceiling; consequently, the amount of tighcreased
with this simulation as indicated by the result.

F %
Fig. 4 The effect of reflected from external grodlodr on room
with higher ceiling

,;000 1491.7x + 34.37y =

3800 | 0.974=2R

S 600 -

£

2 400 - /
—+—0S & 312.8x + 26.26y =
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as & 200 0.977=2R

—— (Linear (0S 0 — T —
——ee- (Linear(0OS 24273 4 5 6 7 8 9 10

Ceiling Heights (m)

(Linear (CLS
Fig. 5 Average illuminance ratio versus multipaetoeiling heights
under an overcast(OS) and cloudy sky (OS)

The linear correlation as shown in Fig. 5 can besented
by the following simple Equation below for ruletbfumb:

Equation 1. B,y = 25 H + 310 ( Overcast Sky)
Eq uation2. B,y = 35 H + 490 ( Cloudy Sky)

beam

E ag: Average illuminance
H.: Ceiling Height
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B. Case Sudy 2

As shown in Fig. 6, the average illuminance de@dasith
increasing ceiling heights and window head heighksept if
the range of ceiling heights in the Case Study I2gs than 3
meters for both overcast (OS) and cloudy sky (CL®).
addition, the average illuminance was less underaast sky
than under cloudy sky. Fig 6
illumination inside the Case Study2 set by Malaysitandard
MS1525. However, the required electrical light isldw 3
meters, hence, as ceiling heights were increaseddrg than
4 meters and 6 meters, the average illuminancentetess of

C. Case Sudy 3

The design of case study 3 was such that the gdilaights
increased from 3 m to 10 m; however, the windowdhea
heights were according to the standard 2.1 from fiher
which also puts the other window close to 0.3 nmifrthe
ceiling and window height 0.5m was the fixed aneavhole

lllustrates the averagof the series (Fig.3).

According to Fig.8, the result of simulation CS3tained
showed a model with increasing ceiling heights, althputs
the other window near the ceiling and have a betsult
when compared with CSdnd CS2. In the architecture studio,

a considerable value under overcast and cloudy sskistudents require more light when drawing, the tketand the

respectively.

Fig. 6 indicated that high average illuminance dobk
achieved inside CS2 with dimension of height cgilup to 3
meters and window head heights upward to 2.7 mefetise
approximate standard dimension of 2.1 meters. Thiergthe
result of simulation for ceiling heights was foutadreach 3
meters which was highest amount of average illuniea

Polynomial correlation of simulation for CS2 obtaihfor
R2 was more than 0.8, nevertheless, the averaguiilance
was plotted against the multiple ceiling heights.

% 700
g 288 0.811=2R
©
5 £ 300
oo, 2 200
——Poly.= 100 s
((OS % 0 T T |0.8l13 T R| T T T T 1
——Poly. ¢ 24273 4 56 7 8 910
((0s <
— Poly. Ceiling Heights (m)
((cLs

Fig. 6 Average illuminance ratio versus multipldiog and higher
window hights under an overcast and cloudy sky

The result of the calculation showed that if cejlineight
and window level were higher, the result would appless
bright than that of similar room depth becausehef $maller
value of visible sky. Fig.7 [19].

~ v

Fig. 7 The comparison room with higher ceiling d&igher window
level (Source: [20] )

However, according to Baker N.V. (1993), high windo

have a significant influence on the penetratiordaflighting
in depth [11], a position of aperture in the studescribe the
reason for the decreasing average illuminance emitrking
plane.
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floor area of this studio must be known. The windihat is
close to the ceiling can perform the function ofldgt in the
back of studio. Several researchers found thatdéqeth of
room for useful daylight should be two times theension of
ceiling heights [19].

According to Fig 8, the average illuminance inceshfom
430 lux to 635 lux whereas the ceiling height iased from 3
m to 10 m under overcast skies, also, the rangavefage
illuminance increased from 660 lux to 875 lux undirudy
skies, this makes the cloudy skies to be brighten tovercast
skies. A better linear correlation can be obtairsd this
simulation when compared to other case studies.

The reflected sun light from the external grounang! and
bright ceiling surface as well as increment in gmount of
window area can enable more brightness of roomshgfice,
the reflections from external ground floor undettbskies and
enhanced window area can improve the light perfacea
within the studio depth. Moreover, positioning théndow
near the ceiling can bring better light penetratiothe depth
of the room.

1000
655.8x + 31.40y =
800 - 0.908=2R
600 - ./-’_.—./I—.—.’.
400
0s 417 .6x + 27.52y =
0.966=2R
—a—cs 200 -
Linear (OS) 0 T T T T T T T 1

Linear (CLS) 3 4 5 6 7 8 9 10

Fig. 8 Average illuminance ratio versus multipligatceiling hights
under an overcast and cloudy sky

It can be obtained from the linear correlation ig.& by
simplifying Equation.3 and Equation.4 for both skie

Equation 3. B4 =27 H + 420 ( Overcast Sky)
Equation 4. 4= 30 H + 650 ( Cloudy Sky)

V.CONCLUSION

Average illuminance increased in case studyl arsk ca
study 3, although, the result of case study 2 wgsnat the
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other conditions examined in this research. In cstselies
land 3, there was variation in the ceiling heigttilev the
window head heights were fixed; but, In case st8dyhe
windows were close to ceiling.

The result of the analysis indicated that the dbation of
light from the external ground floor and other eixte
reflecting surfaces can be an important compontaverage
illuminance. Furthermore, higher and bright ceiliran
provide more area of visible sky and higher amarstverage
illuminance at a similar depth.

The result of case study 2 indicated that whernngeheight
and window level was higher, the result would appeas
bright than similar room depth because of the snathlue of
visible sky. Since, the diffused light from highegiling was
less than the lower ceiling.

The result of simulation demonstrated that day tligh
cloudy skies was brighter than in overcast sky.alyn the
correlation between ceiling heights and the valuk
illuminance have been found by simple equation &ting to
large architecture studio. Eq.1 and Eq.2 are timplsi models
that were designed by correlation of in Case Study

Equation 1. B,y = 25 H + 310 ( Overcast Sky)
Equation 2. Eyq=35 H + 490 ( Cloudy Sky)

Equation.3 and Equation.4, By linear correlationGzHse
Study3 were obtained the simple equations in casly $.

Equation 3. By, =27 H + 420 ( Overcast Sky)
Equation 4. Eq =30 H + 650 ( Cloudy Sky)

REFERENCES

[1] J. R. Benya, Lighting for Schools, National Clegritdouse for
EducationalFacilities, Washington, D.C, Decmber
www.edfacilities.org.

[2] B. Perkins and R. Bordwell, “Building type basics Elementary and
secondary schools, Hoboken,N.J. John Wiley & SP0%0, p.p. 219.

[3] A. N. M. Shahriar and M. A. Mohit, “Estimating Dépof Daylight
Zone and PSALI for Sidelit Office Spaces Using @t Standard
General Sky, Journal of Building and Environmenol.\42, 2007, pp.
2850-2859.

[4] N. Abdullah, et al., “Architecture Design Studio I@ue and Learning
Spaces: a Holistic Approach to the Design and Rtanof Learning
Facilities, Procedia-Social and Behavioral Scienget 15, pp. 27-32,
2011.

[5] A.Koch, K.Schwennsen, FAIA, T.A.Dutton, D.Smith, &Redesign of
Studio Culture, Studio Culture Task Force, The Agaar Institute Of
Architecture Students-AIAS, December 2002.

[6] A. R. Musa, et al., "Lighting analysis in UKM artéture studio," in
2011, IN Seminar Pendidikan Kejuruteraan KongresgBmran dan
Pembelajaran, Alam Bina (PeKA'11), Malaysia.

[7] G. D. Ander, Daylighting performance and designwNgork: Van
Nostrand Reinhold, 1995, p.p.8-10-16.

[8] N. A. Mesa, et al., “Evaluation of the Potential N&tural Light to
llluminate Buildings in Dense Urban Environmentsi#dy in Mendoza,
Argentina, Renewable Energy, 2011.

[9] D.J. Neuman and S. A. Kliment, “Building type lessfor college and

university facilities, vol. 3, Hoboken, NJ: Johnlgyi, 2003, p.p.120.

K. Rabee Reffat and S. Arabia, “Revitalizing Arelitural design

Studio Teaching Using ICT: Reflections on Practicaplementations,

International Journal of Education and Developmesing ICT, vol. 3,

2007.

N. Baker and F. a. Steemers, Daylighting in archite, a European

Reference book, London, James & James, 1993, §p2D-2.12.

E.Neufert, Neufert Architects’ data, London. BlagtinScience, 2000,

p.p. 320.

[10]

[11]

[12]

International Scholarly and Scientific Research & Innovation 6(8) 2012

1200

712

[13] "Classroom Design Manual, Guidelines for Designi@pnstructing,
and Renovatin Instructional Spaces at the Universft Maryland,”
2004.

[14] P. Plympton, Conway S, Epstein K. Daylighting irh8als-Improving
Student Performance and Health at a Price Schoals &fford,
American Solar Energy Society; American Instit@e00. 487-492.

[15] E. Allen and J. lano, The architect's S8tudio Compa Rules of
Thumb for Preliminary Design, Wiley, 2011.

[16] W. Wu and E. Ng, “A Review of the Development ofylbghting in
Schools, Lighting Research and Technology, vol2883, pp. 111-124.

[17] C. F. Reinhart and V. LoVerso, “A Rules of ThumbsBd Design
Sequence for Diffuse Daylight, Lighting Researck aechnology, vol.
42,2010, pp. 7-31.

[18] Department of Standards Malaysia, Malaysian Stahd&ode of
Practice on Energy Efficiency and Use of Renewdlergy for Non-
Residential Buildings, Malaysia,MS 1525: 2007.

[19] N. L. N. Ibrahim, “Daylighting Rule of Thumb and pglogy, Faculty of
Architecture, Design & Planning, University of Sygn New South
Wales, Australia, PHD Thesis, 2009.

1SN1:0000000091950263



