Lighting Math
NOT SO SCARY LIGHTING MATH

NOT SO SCARY LIGHTING MATH

The importance of Lighting Math:

» Calculations can determine the light
[SVETS

» Calculations can determine the
required quantity of fixtures

e Calculations can verify layout
Methods to perform Lighting Math:

By Hand
By Computer




Lighting Math

Target llluminance / Light Levels

Who Defines Light Levels?

IES of North America
Recommended Practices

Defines light levels and quality of
illumination by task and application

Codes and Regulations
The Owner

Definitions:

i N st et 1

Office
Lighting

Task = the work performed

Applications = the project type (i.e. School, Commercial etc,

IESNA Light Level
recommendations are for Foot-
candles at the work plane (2'6”
AFF)

They have limited significance to
us when we interpret the actual
environment.

Such factors as lighting walls,
brightness accents, shadows,
sparkle, and color have a
greater influence on emotional
reaction.

IESNA’s recommend light
levels are for an age range of
40 — 55 years old

Orentation and simple visual lasks, Visual periormance is largely
unimpartant. These tasks are found in public spaces where reading
and visual inspection are enly occasionally periormed. Higher levels
are racommended for tasks whare visual parformancs is
cccasionally important.

Public spaces a0 Ix (3 fe)
Simple orientalion for short vists 50 bx {5 ic)
Working spaces where simpls visual

tasks aro porformad 100 Ix {10 fo)

Common visual tasks. Visual perfiormance is important. These asks
are found in commercial, indusirial and residential applications.
Recommendsd lluminance levels difier because of the:
characleristics of the visual task being llurminated. Highet levels are
recommended for visual tasks with critical elements of low confrast
or small size

D Performance of visual fasks of high 300 Ix {30 fe)
contrast and large size
E Performance of visusl fasks of high
contrast and small size, or visual
lasks of low contrast and large
siza 500 be (50 f)
F Performance of visual 1asks of low
eontrast and small size 1000 be {100 fe)

Special visual asks. Visual performance |s of critical Imporiancs.
These tasks are very specialized. incuding those with very small of
very low conirest critical el wded illumis

lavals should bie achisved wilh supplementary 1ask lighting. Higher
recommended lavels are often achieved by moving the light source
dloser o the Lask.

G Performance of vieusl fasks near
Ihreshold 3000 12 10,000 Ix
(300 to 1000 fc)
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Standard Age Range

is 40-88years old
Less than V=) —

40 years \E/

old...

Over 55
years old...

Can
increase the
—— light levels
up to 2/3!

Can reduce
the light
levels up to
1/3!

Babies require 3 times more light tihan a 20 year old!

IESNA Recommended Light Levels

IESNA Lighting Design Guide Inberioe-1

I INTERIOR 7= Tmponant [ impariant [_] Scmewnat imponant|_] GIank « fct mpartant of nol appicabie
LOCATIONS AND TASKS

Light Dis Frisution an Task Plane (Unfarmity )

Jluminances of Room Surfices
ates on Muminanc: - s2e and of stclion

JCabr Appeamnees (and Color Conlrast)

Draylighting Integratian and Contral
Sparkie Desimble Reflected Highlights

pppearance of Space and Luminares
odeling of Faces or Dojects
Surface Chamcienisiics

Paintis) of nterest

Retected Gar
Hotes on Special Consderstions

Light Dstributian an Surfices
Source/ TasoEye Geomaing
Sy stem Control and Flexiblity
Soecial Considerations
iluminance (Haorizantal)
atagary or Value (ux)
Huminance (Verical)
jcategary or Value (ux)
Reference Chagter(s)

N
n|
=

Flickar {and Siraba)

|ﬂ.tcm-11.ing (see Ofices)
Illli Terminals
(362 Tranaparalion Teiminals in Seclion W, Trensponalion)

Brrmories

]
Ed
5

Illl'l Galleries [see Musaimsa)

Buditoriums
Assembly
Social sclivily

|Banks (s2¢ Reading)

Lok
General

“Wikiting area
Tallers” slalions

'

IIH:
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Summary Light Level (table 15)

TABLE 15
RECOMMENDED |LLUMINANCE VALUES

Qcca- ]
Large ‘ Small Small

Simple ‘ slonal
| Public Orien- WVisual Visual Visual visuat
Spaces Eﬁ""._'_ Task _Task | Task Task |

| Activity
GENERAL
Circuiation

_ﬂc_'l__sfc,i_ieg Do | sore | a0k |

Camidars
Fievators

Lodbies

Service

Tcilets and waslirooms
Storage
‘ Active

. HOSPITAUTY FACILITIES
} Bathrooms. far gronming

Inactve i | . ‘
| |
Bedruoms, for read ing ‘
Cleaning
Dining
‘ Kitcher, critical seeing ‘

R

Luminance

* Measures how easy something is to see, or
how bight a surface is —

Examples: backlit signage, a full moon,
glowing wall

* Measured in: Foot-Lamberts (US) or
Candelas per meter squared (metric)

1 Foot-Lambert = 3.426 Candelas/m2

llluminance

* Measures how much light there is to see
by, the light level to perform a task —

Examples: emergency light level on the
floor),

Measured in: Foot-Candles (US) and Lux
(Metric)
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Light — The Foot-candle

'
LY

Foot-candle is known as a unit of light - direct illumination
light level

Derived from one candle placed at a distance of one foot from a surface is
defined as a foot-candle
(abbreviation = fc or FC)

Light — The Lumen

o

The energy of light from a candle falling on a one foot square
(abbreviation = Im)

The total amount of light energy coming out of the candle is approximately 13 lumens
The total amount of light energy coming out of 100-watt A-lamp is approximately 1650
lumens

NOT DEFINED BY DISTANCE
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Light — The Candela

‘Candela

Polar Chart

Candle Power is the intensity value at any given direction.
(unit is Candela, abbreviated as cp)

represents the total light intensity pattern
produced by a source

CIE Luminaire Types / Distributions

Q Q
Direct Semi-Direct General Diffuse

TV

(IES) Direct-Indirect Semi-Indirect Indirect
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Candlepower Distribution Curve

provides intuitive
information on how a
will perform
, Candela values are used
in calculations to predict
light levels

Candle Power Distribution

0 deg

10 20 30

Distribution angles

Asymmetrical Distribution Curve

Rectangular Tubular
Fluourescent fixture

90 deg Perpendicular

Perpendicular —
90 degrees

0deg Parallel

Rectangular Tubular
Fluourescent fixture

°
Candlepower Distribution

0°
Candlepower Distribution
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Light Measurement

Measures the candlepower distribution of a particular
lamp or luminaire.

Information is generated in a --

@
-
4

™
P 4
Erik Is setting up a lamp for testing
In the 2m integrating sphere.

Integrating Sphere Gonio-Photometer The Spectro-Radiometer

Lumens versus Candelas

is an amount of
Candela is an amount of INTESITY

Light output from lamps and fixtures be measured in and
Candelas.

Fixtures alter and Candela output (Their values can only be
found in Photometry Reports)

Bare Lamp Lamp in a Fixture
100 watt A-lamp = 1650 Lumens Fixture = 1240 Lumens
Fixture is approx 75% Efficient
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Photometry Reports

== Caloulite® Incandescent Open Downlight B7705
Plot of candlepower values =2 At o SIS

Summary of candlepower
values in different planes

Fixture Efficiency

Lumen Summary
Luminance summary

(SC) or
Spacing/Mounting Height
(S/MH) for uniformity

Photometry Reports: sample 1

e Open Downlight

D) Calculite® Incandescent Open Downlight B7705

Page 2 of 2 6" Aperture BR30 / PAR30 Lamp

BTMSCL PARI0 75W FL
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Photometry Reports: sample 2

Indirect Pendant

Lighting Systems Silhouette® Luminous Indirect SC
Page 2 of 2 2 Light T5 Per 4' (nominal) Section

Performance

CANDLEPOWER CURVE CANDLEPOWER COEFFICIENTS OF UTILIZATION
ZONE> 0 2 45
DEG.

% EFFECTIVE CEILING CAVITY REFLECTANCE
A\ CANDELAS
180 828 828 82 | 70 |
175 827 83 848 WALL REFLECTANCE
165 880 963
155 909 1076
145 905 1201
135 859 1177
125 821 1094
651 918
479 578
128 12
15
0

ROOM CAVITY RATIO

0
1
2
3
4
5§
3
7
8
9
1

0(33 24 12|28 21 16|14 1
20% FLOOR CAVITY REFLECTANCE
DISTRIBUTION

Zone Lumens % Lamp % Luminaire
EPORT NO: LRL 239-1D o . o :
CAT NO: SC241281WH 90-180 4776 823 100.0
LAMPS: 2 F28T5 0 0 0 0 0 0-180 4776 823 1000

leHcﬁrépslcz\'gU&up_a* Calculations are for 28 watt T5 lamps, for 54 watt T5 lamps multiply by 1.7

T5 & & %

Photometry Reports: sample 3

Ceiling Fixture

Specification Decorative Discus™ 6700MS213U

Ceiling or "ADA" Wall Mounted 2 Lt, 13W Compact Fluorescent

Page 2 of 2

i 0 ot o ke l_ _|
e W o Ly I Bic | s
i i) y [0 g0 O ﬂ

~— — Coméer

L~

{

AN FER FOCPLIE 14 SCHUSHE PEET
5 1 . ] n
L L L L L

CENTIN T0 CENTER DRSTANCE 0 MTLRES I FLET

Use guick cabeucr chrt 3 et e spacing o 2 lhe. 13 W s o desiond
bevel o il i,

SPACING RATIO = 1.3

CERTIFED TEST REPORT NO. 1854F
COMPUTED BY LSI PROGRAM **TEST-LITE"*
UGHTOUIER SURFACE UTILITY RUORESCENT "DIECUS™
Cat. B200MMNYZ 13 WITH TWAST LOCX [WFFLEER
LA AL TURE G LAMPS. LUMEN RATING = 500 LA
ES1 BALLAST #£5. 20 CRI1IN0UNND, 120vAL

5

45 - | |ANGIE MEANCF (MG ANGLE MEANCP M5
—HK o 15 w "

’) ] 1= LI ] woom
0 15 0 "

15 a2 LI (L]

o { 1L 1m Fo)
I~ 5 e wom = o=

10
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Hand Methods to Calculate Light

ViRiirs;GuUides
— Direct or Average lllumination from a Fixture or Lamp
— Recommended spacing or layout

Point-by-Point
— Direct light level from a Fixture or Lamp

Lumen Method
— Average Light Level in a Room from a Fixture
— Can be used to determine quantity needed

Point-by-Point Foot-candle = — . .2

FC = 2651candelas / 9ft?
FC =2651/81
FC = 32.7 foot-candles

Ceiling height = 9ft

_.I":..'\
LN \‘& e

N

i A
I Light|
| Level at
4 Floor }

Candle Power

11
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Candle Power
Distance 2

Point-by-Point Foot-candle =

Ceiling Fixture Example candelas / ft2

foot-candles

Ceiling height = 9ft
! CERTIFIED TEST REPORT NO_ 125FR
| COMPUTED BY 1S IOGRAM **TESLUITE="
. UIGHTOUER SURFACE UTILITY ALCAESCENT “TSCUS®
| T2, ETOONWE120 WATH TWAST LECK DIFFISER
! 7-UTW LD TUBE GE LAMIS. LUMEN RRATING = 500 1M
| ESI BALLAST AE5-2/1-CHG- 13/ T0UNVI, 120NAL
! ACROSS CANDLEPOWER SUMMARY
| 45 - == ANGIE MEANCP IMS  ANGLE  MEANCP IMS
. L] 1= -0 1]
I ') ] 158 8 WooE
L IR 15 1
. : 15 1w L ]
| Deter_mme o 2
i the nght = i) a n
] 1 ]
. Level at 100 | = 152 I
& 11 =]
l Table L] k=] k1 i
5 16 &
2 % e E ]
i ar L
(1] 12 B}
300 n W H
] #“ W oom
e May 31, 2002 ] k<] W
Prepaned for.  Lightcher " F " k] 3
Fall River, MA W F] ] A
ZONAL LUMENS AND PERCENTAGES
TESTED ACCORTANG DO IES PROCE HONE LLIMENS LAMP L LUMINAIRE
DURES. TEST DSIANCE EXCEEDS an 147 215 1370
AT CE T ae T TOTITrTY L0 20 1 241

_Candle Power _

Point-by-Point Foot-candle = —— .0 e ?

e Ceiling Fixture Example

Ceiling height = 8ft

ITY FLUCRE
TH TWIST LC i
LUAEN RATING = 900 LMS.

21N DUAL AN
ESHHALLAST #E5-211-CHMTT-UND, 1ANAL
CANDLEPOWER SUMMARY

i ANGLE MEAMCP LMS  AMGLE
Determine the ‘ ; N o e )
Light Level at the — I
Wwall s E
1%
168
161
152
m
1
6
g
&
L)
3 "
May 31, 2002 - n

Date:
Corridor Width = 6 ft Pt (e &

]




Lighting Math
Point-by-Point
» Ceiling Fixture Example

Ceiling height = 8ft

Determine the
Light Level at the
Wall

Corridor Width = 6 ft

Point-by-Point

e Ceiling Fixture Example

Ceiling height = 8ft

"\

\

\
\
4ft
\
LEve _ _
Level =
5.5ft

Determine the
Light Level at the
Wall

Corridor Width = 6 ft

Foot-candle =

Candle Power
Distance 2

To solve for D, you can:
1. Scale the Drawing, or
2. Use Trigonometry.

A2 + B2 = C?

252432=C2 C=/(6.25+09)

-2
6.25+9=C C=39 (approx4ft)

Candle Power

Foot-candle = Distance 2

To solve for Angle, you can:
1. Scale the Drawing, or
Use Trigonometry

Tan (Angle) = Opp / Adj
Angle = Tan? (Opp / Adj)

Angle = Tan! (3/2.5)
Angle = 50 degrees

13
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Point-by-Point Foot-candle = == =~ "5

» Ceiling Fixture Example

candelas / ft2
Ceiling height = 8ft

foot-candles

CERTIFED TEST REPORT NO, 185408
COMPUTED BY L5 PROGRAM **TESTAITE**
ACE UTRITY FLUCRESCINT DISCUS™
2130 WITH TWIST LOCK [ SR
AMIS. [ UMEN RATING = 900 [MS
ESHHALLAST #E5-211-CHMTT-UND, 1ANAL
CANDLEPOWER SUMMARY
ANGLE MEANCP IMS  ANGLE
H o -] 0

Determine the
Light Level at the wooowm
Wa” 1 kL

m 1
. \)
@ 1
52

an
15
)
5

Date May 31, 2002
Corridor Width = 6 ft Pt e

Fall Rrver, MA

Point-by-Point Factors

e Calculated Levels are Facing the Light
Fixture

— With the exception of directly below

Candle Power

14
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Point-by-Point Factors

* You need to factor an adjustment if you want levels at other angles
(IE Horizontal, Vertical Angles)
— COSINE Adjusteall

Vertical

COSINE Adjustments

Candle Power

Distance 2 X COS(Angle of Incidence)
IStanC

Foot-candle =

Light Source

.\ e
e

N Incidence Reflectance
N 00 7
N 7
N/

15
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POint-by-POint. .. with COSINE Adjustment

» Ceiling Fixture Example

Ceiling height = 8t FC = CP/D? x COS(angle)

What is the Angle of
Incidence?

Determine the FC=7.25x COS (_ deg)

Light Level at the

wall FC = foot-candles

Corridor Width = 6 ft

Methods to Calculate Light

PeInE=BYyRPoIn
— Direct lllumination from a Fixture or Lamp
* You need....

— Photometry
— Distances from Fixture or Lamp

Lumen Method

— Average Light Level in a Room from a Fixture
* You need....
— Photometry
— Room Dimensions and Surface Reflectance's

16
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Room Reflectance

Ceiling

Room Reflectance

Ceiling

Room comprised of
Walls, Ceiling, and Floor.

Walls typically have
Doors and Windows

All surfaces have a
reflectance value to
bounce light.

Light from Light Fixture
bounces off of all
surfaces.

Surfaces with less
reflectance will bounce less
light

Typical Reflectance
Values:

—  75%:-90% White, Off
White, Grey, Light tints of
Blue or Brown
30%-60% Medium Green,
Yellow, Brown, or Grey
10%-20% Dark Grey,
Medium Blue
5%-10% Dark Blue,
Brown. Dark Green, and
many wood finishes

17



Lighting Math

Calculations using Lumens

Lumen Method Calculation

Calculates the Average lllumination for a room.

Takes into account the room surface reflectance's — but assumes
the surfaces are diffuse (not shiny!).

Assumes an empty room (without furniture).

Can also be used to determine the required Quantity of Fixtures
needed for a target light level.

Does not determine light fixture layout or location — you must
following mnfrs spacing criteria.

You need Room Dimensions and the Fixture Mounting Height.
You need to select a Light fixture

Determine the rooms Room Cavity Ratio (RCR).

Look-up the fixtures Coefficient of Utilization for the RCR.
Calculate!

Photometry Reports

Caloulite® Incandescent Open Downlight B7705

Plot of candlepower values

&" Aporture BR30 / PARD0 Lamp

Summary of candlepower
values in different planes

Fixture Efficiency

Lumen Summary

Luminance summary

(SC) or
Spacing/Mounting Height
(S/MH) for uniformity

Guides

18
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Coefficient of Utilization

I Also known as CU

Defines the percentage of
light output that is expected
from a fixture

The value is determined by a
CU table

Coefficients of Uilization For commercial
% Effective Ceiling Cavity Reflectance R ef I eCtan ce Of : t h e

?‘,vl.-:u_L;FEm = actual CU value is this.
N

104108

L5 o

b}

g

5 @
(RIRRIRTCR T
b RETAT IR
1giw 5
u %

HEEEEEBREBR|R |2

% @
Lo

Room Cavity Ratio

HEunessRESIRED
TRl ReEET
HAHZEEREE28 R

nw m o7
20% Floar Cavity Reflectance

Comversion Factor: For S0W and T5W PAR0 units with clear or gold reflactar, madtiply

€% by 1.0 with black reflector, multiply CU.'s by 0.6

. . _ SXMHXx(L+W)
Room Cavity Ratio RCR = R 0om Area

| Fixtures fully recessed The RCR can Vary
: Hidhoin : depending on the
| Heighe """ ! height you want to
calculate...as shown
here with the
calculation height at
the floor.

|

|

|

|

| Room Cavity Ratio
| RCR
|

|

|

|

|

Room Section

19
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. . _ SXMHX(L+W)
Room Cavity Ratio RCR = " Room Area

Fixtures fully recessed Room CaVity Ratio
i inceiling i (aka RCR) is the
volume between the
Fixture and Heighit of
Calculation
Workplane height is
typically 30-inches
above the floor
A rooms RCR will
always be between 1
and 10

Room Cavity Ratio

Workplane (Height of Calculation)

Room Section

. . _ SXMHXx(L+W)
Room Cavity Ratio RCR = 2 0om Area

The RCR can vary

depending on the

height of the

fixture....as shown
here with Wall

Wall Brackets

Brackets or
'D;xrurr Mounting SCO nces.

| Height

Room Cavity Ratio
RCR

. Workplane {(Height of Calculation)

Room Section
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. . _ SXMHXx(L+W)
Room Cavity Ratio RCR = " Room Area

The RCR can vary
depending on the
height of the
fixture....as shown

" Fixture Mounting R here with Pendants.

| Height

Room Cavity Ratio
RCR

. Workplane (Height of Calculation)

Room Section

. . _ SXMHXx(L+W)
Room Cavity Ratio RCR = R 0om Area

Example:
incenng Y e Room Width: 12ft

Room Length: 15ft
Ceiling Height: 10ft

Room Cavity Ratio

RCR I RCR=5x(_)x(_+_)
' Cx_)

Workplane (Height of Calculation)

Room Section
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Lumen Method Formula

To Calculate Foot-candle level:

by ot Eixtures X NUmMBER o IEamps PEX Eixture X [Cumens PeriCamp x el
Area of the Room

To Calculate number of Fixtures:

FC = Total I_umens in the Reom x €U
Area of the Room

Qty of Fixtures = EC x Area of the Room
Number of Lamps per Fixture x Lumens per Lamp x CU

Qty of Fixtures = EC x Area of the Room
Total Lumens in the Room x CU

Lumen Method Example 1

umen Method Calculation

Room Cavity Ratio:

Frocm e (W

Foom Length (L
Fture Mg Hesght (MH).

What is the resulting Foot-candle Level at
table height from four downlights?

Gty of Fixtures =

ELxW
{Lumana par Lamp) & [ of Lamps per Fixture) x GU » MF

Oty of Fistures =

Gty of Fistures =

22
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Coefficient of Utilization

— Also known as CU
: Defines the percentage of
light output that is expected
from a fixture
The value is determined by a
CU table

Caefficients of Utilization For our example:
% Effective Ceiling Cavity Reflectance R C R

#

5
% WALL REFLECTANC
0] S0 30 W
5 105 104 103 11

the CU is

For commercial
Reflectance of , the
actual CU value is this.

= =

HEEHEBERREEBR|R |2

%
%

HEunaukEsREL

EBlRRSESEN

Room Cayity Ratio

HAHZEHEREE2R R

B 7

BomE|n Xk
20% Floar Cavity Reflectance

Comversion Factor: For S0W and T5W PAR0 units with clear or gold reflactar, madtiply

G by 1.0; with black reflector, maltiply CU.'s by 0.6

Lumen Method Example 2

umen Method Calculation

Room Cavity Ratio:

Frocm e (W

Fisom Length (L}
Fture Mg Hesght (MH).

Law

How many fixtures do | need to achieve
30-foot-candles at table height?

Gty of Fixtures =
Ll

x
Lumans par Lamp) x (¥ of Lamps per Fuxture) x GU x MF

Oty of Fistures =

Gty of Fistures =

23



