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gdaylighting in indoor spaces. Lighting is one of the most important environmental
i parameters in office spaces. The employees spend most of their hours in office spaces
iduring the day, and most of their activities are based on receiving visual information
i from the surroundings. Besides, being satisfied with lighting conditions is one of the main
g'elements that significantly affects the environment’s overall comfort level. Currently, in
iIran, the visual comfort zone and the preferred illumination level are not defined for office
i spaces, and experts refer to the findings achieved in other countries. To assess the lighting
{in architectural spaces and define the conditions for conformity in many standards, the
gauthors have used some metrics as the physical measures. Generally, there are static and
i dynamic metrics to evaluate various aspects of daylight. Static metrics, such as illuminance-
ibased daylighting metrics and Daylight Factor (DF), are typically evaluated based on
{illuminance and have been used in building regulations for a long time. In most standards
i and codes, the minimum recommended illumination level for working planes in a regular
%ofﬁce is 500 Ix. Due to climatic and cultural differences, the findings of other countries
i may not be appropriate for Iran. On the other hand, many studies have been conducted to
ifind an acceptable lighting level in offices; however, the results show the acceptable range
§for illuminance in different countries is not the same. So, this paper tries to investigate
§the satisfaction range with the illumination level in office spaces which architects and
iresearchers could use. Therefore, a field measurement was conducted to evaluate the
{illumination levels, and to examine the effect of lighting conditions on employee level of
i satisfaction and perception of lighting level with actual illuminance levels in office spaces
§in Tehran, using both questionnaire and physical illuminance measurements.

ETHODS: The focus is on six office buildings in the metropolis of Tehran, Iran. The
: buildings were selected to consider different spaces in old and new buildings, one-
istory and high-rise buildings, open plan, and cubicle offices with varying orientations.
§The selected rooms were one, two- or multi-user offices, located on different floors, with
Evarious window orientations and an optional atrium/outside window. Fluorescent interior
%artiﬁcial lighting was used in all spaces with a color temperature between 4000K and
{5000K. The survey involved 509 questionnaires (280 were filled out in summer and 229
{in winter).

INDINGS: Most of the participants have spent at least three months in their offices

and have been adapted to the environment. All participants were Iranians (to avoid
ithe impact of occupants’ culture on lighting perception). Most of them reported that
%they spend more than 8 hours or between 6 to 8 hours in their offices during the day.
§Fie|d measurement includes illuminance, temperature, and relative humidity. The
i questionnaires were filled out in 146 and 109 rooms in summer and winter, respectively.
i At the same time, while users completed the questionnaire, the physical parameters
i were measured. The Spearman rank correlation coefficient was applied for quantitative

d https://dx.doi.org/10.30475/isau.2020.195247.1263 °PEN8A°°ESS
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: variables. By using a monotonic function, the Spearman rank correlation coefficient is a
i non-parametric measure that assesses statistical dependence between two variables to
i describe their relationship.

ONCLUSION: The results revealed that occupants were more satisfied with higher
levels of illuminance. The measured illuminance is categorized into certain levels to

! investigate the acceptable range for the lighting level. For this purpose, the measured
lighting level was classified into 14 ranges. The values of less than 300 Ix are in the first
i category, higher than 900 Ix are in the last category, and the values between these
i mentioned ranges are classified into 50 Ix intervals. The highest satisfaction from the
i environmental lighting level is provided in the illuminance range between 600 to 649
glx. The illumination level above this range results in more satisfaction compared to
{illumination levels less than 550 Ix. Thus, there is an optimal range of satisfaction with
i lighting level, and the preferred lighting comfort range for the investigated office spaces
i is between 600 to 649 Ix. While the illumination level higher than 550 Ix is acceptable for
most of the occupants.

{ HIGHLIGHTS:

i - Define lighting limits to provide visual comfort in office buildings in Tehran.

i - Evaluation of the current lighting situation in Tehran office spaces

- The use of questionnaire to determine effective parameters on lighting comfort.
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Table. 1. Age and gender of the participants (%)

Female Male Total

<30 64.63 35.36 16.11
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Table 2. Measurement devices

Device Resolution Accuracy
LX-1128SD 1 LUX + (4 %+ 2dgt)
Air temperature 0/1°C +0/8 °C
WBGT-2010SD Black globe o o
temperature (TG) e =0/6°C
=70% RH: + (3 % reading+ 1% RH)
- 0,
HT-3007SD 0/1 % R.H. <70% RH: + 3 %RH
a b g

=1E) =)

R

LIGHT METER

Fig. 3. Measurement tools. Lux meter(a), Thermometer (b), Hygrometer (c)
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Table 3. Parameters and variables in previous studies

237 580 130 6P Loa 6.5 b ot 30

Parameters The research aims to investigate Ref
Horizontal and vertical Relationship between physical (Iwata et al. 1994)
illuminance variables and assessment of lighting

conditions

Horizontal illuminance,
luminance, DF, ADF

a system to increase the penetration of
light and visual comfort

(Courret et al. 1998)

ADF

Occupants' satisfaction with lighting in
the workplace

(Roche et al. 2000)

Horizontal and vertical
illuminance

Thermal and visual comfort effect of
thermal conditions on the perception of
light

(Laurentin et al. 2000)

Vertical illuminance, sky Relationship between measured (Velds 2002)
luminance parameters and glare

Horizontal illuminance, The effect of light distribution and Wienold and )
luminance glare on visual comfort (Christoffersen 2006

Indoor and outdoor
horizontal illuminance

Acceptable illuminance, the impact of
illuminance on the perception of the
indoor environment

(Nicol et al. 2006)

Iluminance, temperature,
relative humidity, IEQ

Relationship between physical
variables and visual comfort

(Fransson et al. 2007)

Horizontal illuminance

The effect of changes in ambient light
intensity on an acceptable range.

(Kim and Kim 2007)

Horizontal illuminance

The impact of daylight illuminance
changes on visual comfort

(Catherine et al. 2007)

Daylight and artificial light
illuminance

the effects of daylight in the classroom
(the amount of annoyance light from
the sun's radiation)

(Axarli and Meresi 2008)

Horizontal illuminance,
luminance, view

How occupants percept and evaluate
lighting conditions

(Dahlan et al. 2009)

Horizontal illuminance, view

View and [EQ

(Aries et al. 2010)

Horizontal illuminance

Occupants satisfaction with the lighting
system

(Linhart and Scartezzini

2010)

Horizontal illuminance,
luminance

Satisfaction with vertical illuminance,
reflections, and lighting distribution

Van den Wymelenbergab )

(etal. 2010

Horizontal illuminance,
window luminance

Lighting factor affect visual comfort

(Hwang and Jeong 2011)

Horizontal illuminance

Daylight impact on visual comfort and
privacy

(Kilic and Hasirci 2011)

Horizontal and vertical
illuminance, temperature,
relative humidity
Horizontal illuminance

Horizontal and vertical
illuminance, temperature

Perception of light and thermal
condition

Visual comfort and lighting control on
interior design
The efficiency of daylight with
seasonal and daily changes

(Maki and Shukuya 2012)

(Day et al. 2012)

(Konis 2013)

Horizontal illuminance,
Luminance

Visual comfort and design criteria

Van Den Wymelenberg, )
(Kevin 2014

egmas @lidy, Gud el olidy; S
S P 5 ek @ 8lgys el iy Ll o
Db Sl pdan a0 (oyhan g (ormb 2Ly,

Sl polaisl anb olly, 4o oldy,

5 b @lidyy geeme T o]l o

Olss 85 a0 50 a9 Laldd )5 (egran
Sl Al B Jla )0 555 Job o Lalad ) ¢ Lasd
Oty 9 Sl aals o i ;bjlan jo
el ool cd Lalad o Slisg, cus (Sl

69_§J‘ ot—\—»-ASJAS-LHQ l_‘)ﬁ).l 9 QHGA (_g)_jon\a‘
ol S jebay (G G5, Jo—b o ol
S Ll o (ol

UV RN SO S
liciy, faemme olicdg, Sud ol A_qu;ﬂ)'l (Y
Oyg—ot Oly—a L5 090 plowl esrias 5 omnb
a8 bl Lelad olbs) caS 5580
chw ‘Lr"t’?'la LS:"..Z_Z:?) - - Js_w )9_'a~c" S
ol ead 5 ,Fojlasl slalad o1, 40l S 5 g



08 e 5519 Sl 53 gy Ll D gllac 08 9u0

YA-RY Sl /1 o jbows 1Y 0,98 . A Fee bl g yle

< b
1200 @ summer 8 1200 o
I Winter o 8 § Egﬁm‘(s\gl‘lilght . . :
1000 o 1000 DCombination of bof :
—_ ° - " .
x o : e :
= - I = o .
5 2AR T . . . K
: NE ;
o 600 o 600 o
2 Qo
g c
g ]
E 400 £ 400 H H
5 E
= 3
= 200 = 200
L 0
Morning Midday AmEo Morning Midday Afternoon

Fig. 4. On-Site measured illuminance
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Table 4. Spearman coefficient between lighting
satisfaction and illuminance

lighting satisfaction Illuminance
Spearman Correlation 0.528%%*
Sig. (2-tailed) 0.0
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