
Step 1
 Step 1: dimensional 

data, reflectances of the 
room surfaces
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From MEEB 12th Ed.



Step 2: Find CR, RCR, CCR
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 Steps 3, 4: find ρCC , ρFC
 Use ρw from Step 1
 CCR = 0 for surface mounted or recessed 

fixtures
 FCR = 0 for carpet stores (if the floor is 

the working plane)

 Step 5:select CU
 From the manufacturers’ data or Table 

16.1 (MEEB 12th Ed.)
 Interpolation may be necessary
 For ρFc other than 20%, refer to Table 

16.6

 Step 6: calculate the illuminance and 
the number of fixtures
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For estimation of ρCC  use ρC, ρw, and CCR
For estimation of ρFC  use ρF, ρw, and FCR
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The crosswise S/MH ratio is always 
considerably higher than the 
lengthwise S/MH ratio.(luminaire # 26, 
28, 42 in Table 16.1)

Crosswise S/MH

Lengthwise S/MH
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Example in 12th Ed. 

Fluorescent lamp used 
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Example 16.1 (12th Ed.)

 (a) illuminance target
 IESNA handbook: 500 Lux
 Lines 1, 2, and 8 of Fig 16.13
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(b) Luminaire selection
 for a classroom situation

 Low direct glare (high VCP): a large proportion of their time in a 
heads‐up position 

 Low veiling reflections because of the seeing task
 High efficiency and low energy use to meet ANSI/ASHRAE/IESNA 

Standard 90.1 and most governmental requirements
 Minimum maintenance: poor cleaning and maintenance situation in 

many schools

 indirect lighting is not chosen (although the ceiling 
height is sufficient)
 Indirect lighting depends on a highly reflective ceiling, requiring yearly 

cleaning and repainting at intervals not exceeding 5 years. This is not 
generally the case in public schools.

 Luminaire No. 44 from Table 16.1 (12th Ed.) chosen
 Two lamp fluorescent unit with louvers that exhibit 45° cutoff and  

crosswise batwing distribution
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(c) Steps
 For easy maintenance, the mounting height is 1.95m 

(MH=hRC=1.95m=2.7m-0.75m)
 The recommended maximum S/MH: 1.5-2.0
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(c) steps

hRC

195 cm mounting height
1.53
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0.92 (direct lighting)

(Category IV  Table 16.1)

(Fluorescent, replacement on burnout)
(individual replacement on burnout)

0.92



Luminaire layout

 the room be treated as a single (student 
area & teacher area)

 Two lengthwise rows for VCP
 The window wall row has a separate switch 

and is farther from the wall than the inside 
row due to the daylight.

 To prevent reflected glare, the sixth fixture 
in the outside row is off the line.

 For chalkboard lighting, two single lamp 
installed 

 The number of fixtures: 11 + 0.5 + 0.5 =12
 The number of required fixtures: 13.35
 Actual minimum maintained lighting level: 

12/13.35 * 500 = 450 Lux
 The designer must decide if this is OK. 
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Example 16.2

 Illuminance: 500 Lux
 Luminaires with parabolic 

diffusers, reflectors, and/ or 
baffles, which exhibit very 
low high‐angle luminance.

 Office workstation: half-
height partitions, varying 
viewing directions 
Luminaire’s directionality is 
negative. 

 A specular parabolic baffled 
2ft square unit selected: 
two 32W, T8, with 2,800 
initial lumens (Fig. 16.37, 
CDC, CU)

 Category I
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ρCC

ρFC

ρw
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(direct lighting)

(fluorescent, replacement on burnout)

(individual replacement on burnout)

(Category I)
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Zonal Cavity calculation by approximation

 reasonable 
approximation of 
Zonal Cavity 
Calculation (B.F. 
Jones, 1983)

 Assumptions 
 all rooms are 

square
 RCR, ρCC, ρFC, LLF

(refer to Fig.16.38)
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Conclusions

 For preliminary calculations of rectangular rooms: 
use the simple method (Fig. 16.38)

 For rooms where a high degree of accuracy is 
desired and actual reflectances are known, use the 
long method  

 For rooms of unusual shape or rooms with special 
conditions (coffered ceilings, mixed‐material walls, 
partial height partitions): use lighting simulation

 For spaces in which a number of different solutions 
are to be tried, use lighting simulation
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Example in 13th Ed. 

LED used 
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Example 16.1 (p.783)



23

0.19

Example 16.1 (p.783)
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Significant improvement in CU 
compared to FL !!

(direct lighting)

0.87 (LED, replacement on burnout)
(individual replacement on burnout)

(Category IV)

0.92 (direct lighting)

(0.92)(0.87) 0.535
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WDRC

 WDRC: The ratio of the wall illuminance 
caused by that component of light from 
luminaires in a room cavity that arrives 
without being reflected by room surfaces 
to the quotient of the total lamp flux 
divided by the floor area.
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Example 16.2 (p.784)
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(direct lighting)

0.87 (LED, replacement on burnout)
(individual replacement on burnout)

0.80 (Category IV)

0.92 (direct lighting)

LLF = 0.503

79.4 ft2

110 119
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Zonal Cavity calculation by approximation
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Effect of cavity reflectances on 
illuminance (1)

 N = X / CU
 No. of luminaires = E * Area / (lamps per fixture * initial 

lumens per lamp * CU * LLF)

 The impact of the reflectances of the various room 
cavities on CU
 Fig. 16.15: semi-indirect
 Fig. 16.16: direct-indirect 
 Fig. 16.17: direct (spread)

 For indirect lighting: ceiling cavity reflectance
 For direct lighting: floor reflectance
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 For indirect and semi-indirect: the ceiling reflectance has the most pronounced effect.
 The floor finish also has an appreciable effect: increasing CU by 10% for a 30% 

reflectance floor.
 The effect of wall reflectance naturally increases as rooms become smaller. 
 The change in CU between a 30% and a 50% wall reflectance varies from 15% for a 

400ft2 (37m2) room to 5% for a 4,000 ft2 (372m2) room.
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 Fig. 16.16 (direct—indirect)
 The effects of the ceiling and floor are 

most pronounced. (Fig.16.16(a) & 
Fig.16.16(b))

 The wall reflectance effect is appreciable 
in small rooms. (Fig.16.16(c))

80%
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 Fig. 16.17 (direct spread)
 Floor finish is most important
 Wall reflectance is important 

only in small rooms.
 As these fixtures have no 

upward component, all ceiling 
illumination is derived from 
reflection. Thus, in a room with 
floor reflectance of less than 
20%, ceiling finish has no effect 
on room illumination. 



Effect of cavity reflectance on illuminance (2)

 Lighting costs amount to 3-5% of the total construction 
cost, such as offices.

 A 20% differential in lighting fixtures can amount to as 
much as 1% of the total construction cost.
 N =X/CU ( CU increased by 25%, N decreased by 20%)

 Reduced number of lighting fixtures
 Reduced construction cost, reduced electricity use, reduced 

maintenance cost (relamping), reduced internal heat generation, 
HVAC system downsizing, reduced fan energy, reduced cooling 
energy

 Performance assessment in stakeholder dialogues
 Stakeholders: lighting designer, HVAC designer, architect, 

construction manager, owner, occupant, etc.
 Blind belief should be avoided.  uncertainty analysis & sensitivity 

analysis 
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Calculating illuminance at a point 

 The IESNA lumen method: uniform illuminance 
assumed.

 The lumen method is inapplicable to the following: 
 Nonuniform lighting layout
 Other than horizontal (e.g., wall-washers)
 Architectural lighting elements (e.g. coves, valances, etc.)
 Nonstandard light sources (CU data are not available). 

 Three methods
 Design aids: isolux charts, illuminance “cone” charts, 

illuminance tables and charts.
 Longhand calculation: Fig.16.22
 Lighting simulation tools
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Architectural lighting

coffered lighting

38

cornice Cove lighting

Valance lighting

Examples of cove lighting 

Refer to Ch.17: residential lighting



Design aids

 Curves, charts, plots and tables prepared 
by the luminaire manufacturer, designer

 Types
 Isolux charts (Fig.16.19)
 Illuminance “cone” charts (Fig. 16.20)
 Illuminance tables and charts (Fig. 16.21)
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Isolux charts
 Called isofootcandle charts
 Use of an isolux diagram for a single luminaire (Fig 16.19 either calculated or 

measured)
 A sum of the illuminance contribution of every other luminaire

Calculated illuminance 
at the given point
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 Max. E at center, 0.5E at the 
circumference

 Only two values (E, 0.5E) are 
given in contrast to the isolux
diagram (Fig. 16.19)

Illuminance “cone” charts
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Illuminance tables and charts

 The illuminance pattern on a wall is shown in Fig.16.21
 Similar charts are available for other luminaire spacings. 
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Calculating illuminance from a point source
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Example 16.5
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Calculating illuminance from linear and area 
sources

 from a point source to a point

 from a point source to a receiving area

Ф: flux transferred from a point source to a differential area

E: Average illuminance
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Calculating illuminance from linear and area 
sources

 from a diffuse area source to a point
 from a diffuse area source to a receiving area
 from a non-diffuse area source to a point 

 from a non-diffuse area source to a receiving area
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Calculating illuminance from linear and area 
sources

 These manual methods are laborious and 
frequently less than reliable.

 Lighting simulation is strongly recommended 
for point‐by‐point illuminance calculation. 
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Simulation-based lighting design

 The calculations are performed accurately and 
rapidly.

 The designer can change design parameters with 
less effort than hand calculations.

 List of lighting simulation tools: 
https://www.buildingenergysoftwaretools.com/ lighting 
simulation
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Evaluating glare potential

 Direct Glare
 Control of direct glare is addressed (see Ch.6)

 In Ch.16, reflected glare is a focus.
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Control of reflected glare

 No perfect solution to the reflected glare so 
far.

 Several techniques to minimize 
 (a) Physical arrangement of sources, task, and 

observer 
 (b) Adjusting brightness (eye adaptation level)
 (c) Design of the light source so that it causes 

minimal reflected glare.
 (d) Changing the task quality 
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