radiation physics quantity | lighting technology lighting technology
quantity snd symbol unit and abbrevistion
radiation fiux luminous flux L lumen {im}
radiant intensity light intenaity 1 candels led}
irradiance iluminance E fux {lx)
radiance lighting density L ledm3)
radisnt energy quantity of light a {m = h}
irradiation light sxposure H {lx = h)
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PIW): 50-400 PIW): 18
HME mercury vapour T 38
lamp 58
compact fluorescent lamps
PIW): B0-125
HMR mercury vapour . 7
retoctoramp ¢ e
n
PiW): 10 26
upc;ur reflector E : :
TCo
P{W): T0-250
HIT-DE GESTISTS  halogen metal PiW: 18
b == e
%
PIW): 35-150 L
HIT halogen metal
vapour lamp PIW): T 40
1 55
TC-SB 15
HIE PIW): 75-400 20
vapour lamg with built-in ballast
PIW): 35-100 comparison: up to BI% saving in
bl halogen matal sloctricity, lifs expectancy ten times
vapour lamg greater
a’/w - 5W
HSE POWy: 50-250 wowy - nug
sodium vapour oW -w
lamp
TEW ()= 15W
100W )/ =20W
120w W =nw
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lighting type
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grid lighting
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square grids rectangular grids
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QT-DE  halogen filamant

O
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specular louvre pendant
light, i

downlight
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160 at 35 dB (A}
200 m¥h st 40 dB (A}

decorative downlight,
opan surround with:

agquare downlighi
rallector 300 x 300 mm
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foom
height

_ nominal
illuminance

A<100W
A 100 W
PAR 56

QT < 250 W
QaT-DE

QT > 250 W
aT- L

QR - CB -V
QR -LV

TC

HIT - DE = 7T0W
HIT < 70 W
HIT > TOW

HIT-DEsTOW
HIE

HME > 80 W
HSE
HST

TC-D
TC-L
HME 5 80 W

up to
Im

up 1o
200 Lux

garage car parks, packing rooms

service rooms

8

workshops

restaurants

foyers

up 1o
500 Lux

offices,

fDOMS, and cash desks

sifting rooms.

warkshops

libraries

sale rooms

exhibition rooms

museums, galleries, banqueting rooms

entrance halls

:

up to
750 Lux

data processing, standard offices with higher visibility requirements

workshops

shops

[ 11

suparmarkets

shop windows

hotel kitchens

g

concert stages

drawing offices, large offices

Im
up o
5m

up to
200 Lux

Storage rooms

workshops

industrial workshops

foyers

restaurants

churchas

concert halls, theatres

up to
500 Lux

workshops

industrial workshops

tecture halls, meating rooms

sale rooms

exhibition rooms, museums, art galleries

entrance halls

=t

restaurants

sports halls, i halls and g

& 90 1§ |

up o
750 Lux

workshops

art rooms

laboratories

e

libraries, reading rooms

exhibition rooms

exhibition halls

shops

suparmarkets

large kitchens

concert stages

aver
Em

up to
200 Lux

industrial workshops, machine rooms, switchgear installations

rooms for racked storage systems

churches

concert halls, theatres

up lo
500 Lux

industrial workshops

museumns, art galleries

airports, railway stations, circulation zones

bangueting halls

spons and multipurpose halls

il

up to
750 Lux

industrial workshops

auditoriums, lecture halls

exhibition rooms

exhibition halls

suparmarkets

= general purpose lamps art - = low-voltage halogen lamps
= parabolic reflector lamps OR - LV o b
= reflector lamps
= halogen filament lamps cold light
= halogen filament lamps, T

2 sockets

low-voltage reflector lamps
QR-CB-LV = low-voltage reflector lamps,

flugrescent lamps
T = compact fluorescent lamps

T

compact fluorescent lamps,
compact lucrescent lamps,

mMmercury vapour lampa

HST = sodium vapour lamps,
tubular

HIT = halogen maetal vapour lamps

HIE = halogen metal vapour
lamps, elliptical
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20k necessary for the recognition of critical features. 20 Ix is the
i value of hori | llumi for internal areas. except
work areas
200 Ix work arsas appear dull with illuminance E < 200 Ix, therefore 200 Ix is
the value of i for U imd work
argas
2000 I1x 2000 Ix is as the for work areas
the lowest perceptible change in illuminance is by factor of 1.5;
the ion of nominal il levels for internal
areas is:
20, 30, 50, 75, 100, 150, 200, 300, 500, 750, 1000, 1500, 2000 etc.
s gl gl S ale a3gim (V1)
illyminance )
0 30 50 paths and work areas in the open air
100 150 for orientation in rooms for short-stay periods
150 200 for work 5 not in constant use
300 500 for visual tasks of little difficulty
500 750 for visual tasks of moderate difficulty
750 1000 for visual tasks with higher damands, e.g. office work
1000 1500 for visual tasks of great difficulty, e.g. fine assembly work
1500 2000 for visual tasks of difficulty, e.g. i
over 2000 additional lighting for difficult and special visual tasks
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identifying letters: IP example IP 44

first identifying digit 0 - 8 degree of protection against contact and foreign bodies

second identifying digit 0 -8 | degrea of protection against ingress of water

first area of protection first area of protection
digit digit )
0 | no protection 0 |no protection
1 i i B 1 | protection against vertical drops
protection against large foreign o ter

bodies (=50 m}
. inst d [ water at an
2 | against medium-sized foreign 2 r:::'::ﬂﬂ':‘[’:: ‘:’:s.
bodies (»12 mm)

X 3 ~ 3 | against water splashing
3 {:';g'::‘?"l foreign bodies 4 | against water spraying
N Inet lar foreign bodi 5 |against water jets f
Sosinet ranvie foreign bodiee | | |/ ingress of water e t0
fooding
S | against dust deposits 7 | against dipping in water
6 | against entry of dust 8 | against immersion in water
ity il Y Sadima 153 (VT)
stage | index Ra typical areas of application
14 > 90 paint sampling, art galleries 5
18 90 > RA > B0 | living ion, hotels, offices, §chools,
printing and textile industry i
ZA | 80> RA>170 | industry i

28 70 > RA > 60

i
3 60 » RA > 40 | industrial and other areas with low demands for colbur

4 40> RA>20 | ditto
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refection reflection
factor (%) factor (%)
lighting muterials
aluminium, pure, highty polished B0 to 87 plaster, light 401045
aluminium, snodised, matt 80 1o 85 plaster, dark 15028
alyminium, polished 651075 sandstone 2010 40
aluminium, mat 5076 plywood, rough 2510 40
sluminium costings, matt 551058 cement, concrate, rough 2010 30
chrome, polished 80w 10 brick, red, new W15
vitreaus enamel, white 651075 paints
Iacquer, pure white 80 o BS while 751085
copper, highly pakished 6010 70 light grey 010 60
brass, highly polished T0ie 75 madium grey B0 35
nicked, highly polished 5010 60 dark grey 10t 15
i Sy 3 ki, (8) g 701080 Tight blue 401050
8010 88 dark blus 1510 20
9010 92 light green 451055
® a-F dark green 151020
i:h:: light yellow 60 to 70
Iu ol brown oI
® e 3foo W02 | lighteed 51055
e dark red 151020
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specific connected load P* Wim? for correction factor k
1001x for height 3 m, ares x 100m? height [ ares | raflaction factor
and reflection 0.7/0.50.2 H Alm* 070502 | 050201 | 000
O u | & | 2w Ten Tt e
up o 20 | 075 | 0.65 | 0.60
v} ard _& 10 Wym? am 50 | 090 | 080 | o075
z100 | 100 | 0.90 | 085
Com E g 5 Wim?
HhEL 30 asm | 20| 055 | 045 | o040
—_ . _& 5 Wim? 50 | 075 | 0.65 | 0.80
21 0.90 075
— | B | o fee
= 5Tm | 50 | 055 | 045 | o040
—_— R | 3 2100 | 075 | 085 | 0.0
P* wilisma 1y 512 8309 Jlail (1) Tl il Jpas (¥)
axample
room area A = 100m?

room height H= 3m

- o * reflection factor 0.50.2/0.1
Imedium reflection)
« B «H- m®¢ type of light o on
O® .© P* = 4W/m? - [compact fluorescent lamp)

P =8 45W = 405W

.
(o] ?OEO? o] type of light
O P* = 12W/m? - (general purpose lamp)
P* =8 100W = BOOW
« B B B - Iypl'nflight -
- 0 . P* = 10W/m? - (halogen filament lamp)

P° =16+ 20W = 320W

formula
|_..—I.l_| 100-405 100-800 _ 100-320
En =1%ig6.4 * 166.93 * 166-16 09

E, = 1800
A glada iy, dedlona (T)
rrrrrreerrrerre s Mwl

A =24m?

K =075
{bright reflection)

P o=4.90W - 360W

£, = B4 005

E, =375k
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100-P
- A ok
p ~EnPo Pl
100 k

E, nominal illuminance (ix}
P connected load (W)
P°  specific connected load (Wim?) — G)
A room floor area
k  correction factor — @
P Jladl g En bl ity ol
383 F2 3 B 5ofilen iy e e (A)
S A ek s gl (3)
H calculation formulas ® = luminous flux required
= for luminous flux L = mean luminance fcd/m?)
: xeLsA A = surface to be floodlit
i on ng = lighting efficiency factor
H @ = reflection factor for the material
luminance for a floodlit
™ . lavel of reflaction from
T26 58W object ledm?) L illuminated materials [
free standing 3 - 65
ol 5ty (1 . lbrick, white vitrified 0.85
il ey () dark surroundings 85-10 ) =
maderately bright 0 -1 Whits matble s
plaster, light 0.3-05
very bright surroundings | 13 =16 plaster, dark 02-03
lighting efficiency factor Nght sandistone 0304
object dark sandstone 0.1-0.2
light brick
e ok ight br:c 0.3-0.4
small area dark brick 0.1-0.2
large distance 03 light wood 0.3-05
TC-L 2= 24W ranite 0.1-0.2
B A A AAA AN A " LIS 02 ¢
S B ek s gl (V) i g8 gl ) s salizd (4]
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recommended lighting levels for working areas

table of nominal levels of iluminance: standard values for working sreas

type of area fLE type of area ihe) type of area =)
type of activity type of activity type of activity
general rooms: metal processing/working: paper facture and pi ing,
circulation zones in storage buildings 50 ""\lif‘ﬂ of small components 200 printing:
storercoms 50 welding X x pulp factory 200
with access 100 . i " - paper- and boardmaking machinery 300
with reading 200 ino mach g W 00 book-binding, wallpaper printing 300
gangways in storage racking systems 20 control stations 750 cutting, gilding, embassing, plate etching,
operating platforms 200 cold rolling mills 200 work on blocks and plates, printing machines,
dispatch areas 200 wire drawing 300 stencil manufacture 500
canteens 200 hesvy shast working 200 hand printing, paper sorting 750
break rooms 100 light sheet working 300 ing. lithographics, hand and
gymnasiums 300 tool manufacture 500 composition, finishing 1000
changing rooms 100 large assembly work 200 colour proofing in multicolour
washrooms. 100 medium assembly work 300 printing _ 1500
10t arsss 100 finve assermbly work 500 steal- and copper-plate engraving 2000
first-aid areas 500 drop forging 200
machinery rooms 100 foundries, cellars, etc. 50
power supply installations 100 scatfolding, trestling 100 leather industry:
postrooms 500 sanding 200 i
" " wat rations 200
telephone exchanges 300 cleaning castings 200 'kinm ration 100
work positions at mixers 200 ““" m‘ aking 500
“";;‘: "““""h_m ;;'g leather dysing 750
d SOpRYING pOEONS quality control, moderate demands 750
zo - . . . .
circulation zones in buildings: machine farming operations 200 quality control, high demands 1000
for persons 50 manual forming operations 300 quality control, extreme demands 1500
for vehicles 100 core making 300 eolour inspection 1000
stairs 100 model construction 500
loading ramps 100 @akvanising 300
painting 300 textile .
and pr
control stations 750 L3 -
ol assembly, fine mechanics 1000 work in dyeing vals 200
offices, administration rooms: mator body oparations 500 spinning 300
. lacquering 750 dywing 300
offices with workstations near windows 300 night-&hift lacquering 1000 spinning, knitting, weaving 500
offices 500 uphalstery 500 sewing, material printing 750
open-plan offices inspection 750 millinery 750
- high reflection 750 trimming 1000
= moderate reflaction 1000 quality control, colour check 1000
technical drawing 780
confarance rooms 300 power stations:
recaplion rooms 100 oodstuffs .
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facilities 200 el M ot A,
maintenance facilities 300 and o
laboratories 300 electrical industry: , conti Y i
work requiring a high degres of visual work positions 300
acuity 500 manufacture of wire and cable, assembly cashier's positions 500
eolour testing 1000 work, winding thick wire 300
of h i winding
medium-thick wire 500 _ = "
. of fing -
Y glass and testing 1000 paint shops 200
works: assembly of fine electronic pre-assambly of heating and ventilation
components 1500 equipment 200
working positions or aress at furnaces, repair work 1500 locksmiths. 300
mixers, pulverising plant 200 garages 300
rollers, presses, forming operations 300 joinery N g
= " i rkshops
glass blowing. grinding, etching, . 1 hraki repair wol Ps
glass polishing, glass instrumentation & ¥ and - radic end television workshops 500
manufacture 500 manufacture of jewellery 1000
decorative work 500 preparation of precious stones 1500
hand grinding and engraving 750 optical and watchmaking workshops 1500 sarvice operations:
L 1000 hotel and restaurant receptions 200
kitchens 500
. " dining rooms 200
iron and steel works, rolling mills, wood prep and - buffet x
lounges
large foundries: SLEB WeEmang J00 self-service restaurants 300
s e 200 laundries, washrooms 300
automated production facilities 50 assembly 200 ironing machines 200
production facilities, manual work 100 selection of veneers, lacquers, model hand irening 300
ied work i woodworking 500 sorting 300
in production facilities 200 woadworking machinery 500 inspection 1000
meintenance 300 wood finishing 500 hairdressers 500
cantrol stations 500 defect control 750 beauty salons 750
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clear glass nane 2-4 6-8 | 80-92 2-4
ornamental glass minimal | 3.2-59 | 7-24 | §57-90 -
clear glass, frosted outside minirmal [1.75-31| 7-20 | 63-87 a=17
clear glass, frosted inside minimal [1.75-3.1 | 6-18 | 77-89 3I-n
frosted glass: group 1 good 17-36 |40-66 | 12-38 | 20-
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group 3 good | 14-35 |es-78| 13-35 | -1
plated frosted glass: group 1| pood 19-29 |31-45| 47-66 3-10
group 2| good 28-33 [54-87 | 27-35 a-1n
frosted glass, colour-plated
rod 2-3 84-89| 2-4 2=
orange 2-3 63-88| 6-10 2-n
green 2-3 G)-g8| 3-89 -1
opaline glass minimal | 22-25 | 13-28 | 58-84 2=
porcalain good 0 2-1 2-8 2-1
marble, polished good 73-10 |[30-M 3-8 24 -85
marble, impregnated good 3-5 |27-54 | 12-40 | 11-48
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cardboard, impragnated good 6 8 1
parchmant, uncoloured good 48 a2 10
parchment, light yellow good 1] 0 22
parchmant, dark yellow good EL AL 50
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silk, coloured moderate 5-24 [ 13-54 | 77-80
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Parspex, white (frosted) good 1.0 55 17 28
Parspex, yellow (frosted) good 1.0 38 £l 55
Parspex, blue (irosted) good .0 12 [ B4
Parspex, grean (frosted) good 1.0 12 4 B4
mirror giass (plate} 6-8 B B8 L]
wirg-reinforced glass 6-8 9 ™ 7
erude glass 4-6 -] B8 4
ngulating glass (green) 2 L] 38 56
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ssymmetric glass build-up

cast-in-place
icl
Isminated

pas filling

inside

= weight of glass: the heavier the
glass pane, normally the higher
the scoustic insulation

® the more elastic the pane (e.g.
resin-filled cast-in-place), norm-
ally the higher the acoustic
insu

# the thicknesses of the inner and
outer panes must be different;
the greater tha difference,
normally the higher the acoustic
insulation
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n, = number of blocks (a}

ny = number of joints (B}

€ = B5cm

d = 65em

farmula to caleulate the minimum structural opening

et o gle 5a J3 510 3 i gl it (1)

1 slip joint
2 expansion jaint,
.. rigid foam
3 flexible sealing

4 plaster

& aluminium
window sill

B L section

7 anchor ar peg

I
built onto a fagade with angle ancharing
plan

i S b 5la g3 ik iy (7]

1 slip joint

2 expansion joint,
@.g. rigid foam

3 flexible sealing

4 plaster

5 aluminium
window sill

B U section

7 L section

8 anchor or peg

plan of corner detail
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1 slip joint

2 expansion joint,
e.g. rigid foam

3 fexible sealing
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SP26 485 | 385 | 3.25 | 6.55 | 515 | 4.40 | 690 | 5.45 4.65
A . A__pEz_ A pEz A 25
K32/60/7 440 | 345 | 205 | 585 | 455 | 390 | 6.20 | 450 | 415 b
(1A= V1T g) AEaly ko lazilu (7] — - % T8
1 2
ha = 0.25; -(1.5-q) His = 0.5; -(1.7-q) _— A = nominal unit
N e double-glared H|L | r dimension plus joint
g.mh:-"u - £ — - | | B = #vorall rame width
totopol up toup tojup tojup tojup tojup tofup tojup Tojup tojup tojup tojup tol | il “ ! r C = overall lrame height
glazed opaning | 8m |20m 100m| 8m am 8m |20m 100 my L = length of glass
= units of 25cm
YR 0] A G G AN Al G O Wi G o N N single-glazed 2% WoE  indicanienal
NP2 260|210 |1.75| 375 (295|250 | 2.45] 1.95| 165|350 | 275 [ 235 & ""f:: “':""‘“:‘ .
K22/41/6 wi - nA+5cm
NP2 250|195 |1.70| 3.50 | 2.80 | 2.35 | 2.35 | 1.85 | 1.60 | 3.30 | 2.65 [ 2.20 height H =L+ dcm
NP 220|175 | 1.50|3.15| 2.50 | 2.18 | 2.10| 1.65 | 1.45| 2.95 | 2.35 | 2.00
K32/41/6 glazi b stad (1)
NPS 185 |1.45 [ 1.25| 2.60 | 2.10 [ 1.75 | 1.75 [ 1.35] 1.15 | 245 [1.95 | 1.65
K50/41/6 a) single bend tions of
? :::?I:wlllr: amr:;;o::‘:l?ai.nm
2 420 |3.30 | 2.60 | 5.95 | 4.65 [ 3.95 | 3.95 | 3.10| 2.65| 555 [4.40 | 370 secions et
(L] multi nds wi
5P26 395 |3.10 | 2,65 5.60 | 4.40 | 3.80 | 3.70 [ 2.90 | 2.60| 5.25 | 4.15 | 385 & identical or different ragi
K25/60/7 {c) sine curve bends
K32/60/7 360 |2.80 | 2.40 | 5.00 | 4.00 | 3.40 | 3.35 [ 2.65| 2.25 | 475 [3.75 [2.20 r,_._\ (d) 'S’ bends

L = langth of glass units (m) i \

le} 'U° bends with of without
siraight sections

b glaglesila )

b
ight transmittance single-glazed up to B9% /:\
double-glazed up to 81%
‘sound reduction single-glared up to 29 dB
double-glazed upto 41 dB - ¢

triple-glazed up to 55 dB
thermal insulation single-glazed k = 5.8W/mIK
double-glazed NPk = 2BWim?K
5Pk = 2.7Wim7K s
e ga i (¥)
e e el (£])

practical examples of possible bent forms using ornamental glass

s T T s n [ o]
‘ . " [l || - - ~ Lm [ 80-300 | 40-150 | 0-100 | 40-190 [ 126-501 |
A = single-glaz ,-npiﬁmr n i " “ " F'_l { . l T 1
" m /\ %l+ l [ 100-340 | 20-260 | 0-100 | 40-140 | 146506 |

B = single-glazed, flangs internal \ ! ] I ] | _]
s [ h size"
a\l fd;'\{ [ eo-200 | 7183 | 3200] [ rizaes |
C = single-glazed, fange external and internal —r
ma"“T-lml [ [ s |
P wm— ¢ —|
D = single-glazed, flange alt - e ]
e e BN e e
) y [ 740-300 [ s0-100 | 71-183] [ 202382 |
E-l = double-glazed, slternative forms
* unfolded
o S 3 (6) (rbee &) Fmi ghne i (M)

WY
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Ll LS bzl 3 e 5 pad b olily lgie 4y Al e Sigd a3 N 4 ags
03 J 4 g 013 3L oo slagie (sl linyge lad kil &5 b2 3
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R'w=LSM+erdB
o) €= cnlgn JUiml g S5 3 g 4l SalS liis LSM 3 8
e ol o 8 Y il il e (Mg S sheded Teb sy

F) 4 2y alp),

resialance class | G 60 G120 G0 G120 F &0
glasing sire imd) 3sm? 2.5m7 9.0m? 44m? aam?
max, edament hasght |1 35m A5m 35m 35m 35m
max, ehemant width |1 60m 60m 50m 60m 6.0m
sill height noaded 1.8m 18m noane nona none
typa of glaring single double sanghe doutdle double

skin skin akin skin skin

glass block format | 19019080 | 1900 19080 | 190+ 19080 | 190 19080 190x 18080

e glafl gl 25  p Cliilona (1)

qglass block

1 angle steel, 50 < 55mm
lengah >100mm, at least four
per glazed area

2 aliowable fine-resistant pegs
and stoel scrws M 10

3 flan stenl strips 1o fix the glass
block wall (welded)

Mgt gl 231 gt 3 il s A ()

reinforcement

Anbiansd

O 5t 13 poglle dudui
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2 eai i elaglazilos (gl 4ted ) g3l Balinad 2,8 e Spge AT 22
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type of room permitted maximum sound levels in
rooms from outside noise sources
mean levels” mean max. levels
1 living rooma in apartments, day 30-400B(A) day 40-50dBiA)
bedrooms in hodels, wards in night 20-30dB{A) night 30-40dBIA)
hospitals and sanastoriums
2 classrooms, quist individual offices, 30-40dBIA) AD-50dBiA}
scientific , libraries,
and lecture rooms, doctors’
practices and operating
rchos, assembly halls
3 offices for several people 35-45dBIA} 45-E5dBIA}
4  open-plan offices, pubs/restaurants, AD-50dBIA) 50-50dBIA}
shops, switchrooms
5 entrance halls, waiting rooms, A5-E5dBIA} 55-65dBIA)
check infout halls
6 opers houses, thestres. cinemas. 25dBIA} 354BIA)
T recording studios take note of spacial requiremaents

* equivalent maximum permitted constant level
311 b fone 1 il ol s 5 o e Sl 3 ()

noise source |distance from window standard sound
10 centre of road reduction levels for standard
catogories of room use
1 2 3 4
matorways. 25m 4 3 2 1
average traffic BOm 3 2 1 o
250m 1 o [ o
molorways, 25m 5 4 3 2
intensive traffic BOm 4 3 2 1
250m 2 1 L) L]
main roads Bm 3 2 1 o
25m 2 1 L] []
BOm 1 L] o 0
secondary roads Bm 2 1 o ]
25m 1 [] [} o
BOm o o L] 0
main roads in small building 5 5 4 3
city centres intensive tratfic
Iarge building 4 4 3 2
wverage 1o
intensive traffic

e Sy il g L UG G030 154 0 e e RIS g3 il il (2)

sound- Ry glass block aarboene sound-
reduction Tormal sound- reduction
davel tmemn) reduction | rating
0 25008 | for double-skinned gisss value (LSM) | (R
ack wallalswindams 190190280 | -1248 wab
M {s-4908 '; !!"!m":: 200% 260280 | -1046 248
I 40448 | for single-skinned 240115280 | -7aB 458
Olats bloch srene 300300 100| -1148 da
3 5-19d8
double-
2 30-3408 e
1 22040 wall with
[ | <258 260240480 | -2d8 5008
ety Sl gl (V) gy 8l e e (1)
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