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PREFACE 

It 
the 
in 

Purpose of 
is about 
Famagusta 

the project. 

this project 
illumination 
Castle which 

around some part of 
is called 5-\::_ .• -- NICHOLAS 

My opinion is that by means of this lighting 
system the castle will look more attractive and 
beautiful to everyone than it had been before. 
The most of the tourists visiting our country will 
be able to see how this fantastic castle appear 
at nights. And it will also help to the whole 
shops which exist in that area, remain open even 
until midnights. So, it will not only be useful 
for tourism but also for our own people living 
in Famagusta. They will have chance to do shopping 
for the things they are urgently in need. I think 
this may be a good step for development. 

I also would like to thank to my Professor 
Mr. Haldun Gurmen for his assists in the preparation 
of this project. He had been always ready for us. 
And I am certain he did his best for being 
helpful. 

F.CIVISILLI 



DJ.DOC Tuesday, June 12, 1990 Page 2 

INTRODUCTION 

There 
is one 
lighting 
point in 
blurred. 

Formerly it was mostly buildings of historic 
interest that were floodlit. 

Floodlighting of these old buildings, which of 
ten boast rich, ornate facades and beautiful arch 
itecture, is still very effective. Such wonderful 
results can be achieved that often these buildings 
are reinvested in this way with some of their for 
mer glory. 

is no doubt that floodlighting a bul- 
of the most spectacular achievements in 
engineering. A floodlit building is a focal 
a town, where it is dark and colours are 

In addition to being used for aesthetic pur 
pose, floodlighting nowadays can be simply functional 
This is especialy true of industrial and commeri- 
cal buildings were floodlighting is used for 
advertising and security reasons. In generaly, flo- 
odlighting of industrial and commerical buildings 
can be said to have a threefold purpose. 

* As a relatively inexpensive means of advertising 
----------------------------------------------------------- 
A building which at night would otherwise be 
completly invisible or incospicuous, will immediatly 
attract attention when it is floodlit. 

If the name of the firm or the trade mark is 
floodlit on the facade, advertising is possibly ma 
de even more effective. 

* Prestige •• 

In many cases the reasons for wanting a building 
to be as spectacular as posssible is that it is 
of focal or national importance or has particular 
architectural qualities. After sunset, floodlighting 
is consequetly an effective means of impressing 
visitors. 

* Increased security around buildings. 

Nowadays it is unfortunently necessary to take 
elaborate precautions in order to prevent illegal 
entery, theft or wilful destruction of factory and 
other industrial buildings. Floodlighting in the 
areas around buildings enables night watchmen and 
police to have a clear view of the scene. 
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The diffeent used to which floodlight is put 
whether they are primarly aesthetic or purely 
functional to achieve commerical ends, does not 
alter the fact that quality of the end pro- 
duct should be as high as possible. Even a mo- 
dern office block with bare frontage can be 
made attractive by means of artivical lighting 
However, it must be said that, whether the rea 
son, it is better to abandon the idea of a 
floodlighting installation that to be satisfied 
with a mediocre result. 
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PLANNING 

A floodlighting installlation project can 
only be carried out succesfully if a thorough 
study has been made of the building concerned. 
The lighting engineering should become familar 
with all factors relating to lighting "installat 
ions for the building. It is esssential he sh 
ould first study the features of the facade 
under various conditions and with the sunlight 
falling upon it at different angles in order 
to decide which are the most attractive features. 

If an on the spot survey is impossible, 
daylight photos, drawings or a scale model can 
be useful aids. An informative part of the "day 
light study" is the analysis of how given ef 
fects arise. Althoug this project is about the 
floodlighting of castles by means of artifical 
light, it will none the less be useful first 
of all to go into certain features of the 
effects of daylight upon them. 

In the past, an architect only thought in 
terms of a building being viewed in daylight 
when he was drawing up his plans. The archit- 
ecture of the facade was therefor designed in 
those days with the idea in mind that it wo 
uld be lit from above, by the sun and the sky. 
Today, however, there is a greater tendency to 
think that a building should also be attractive 
after dusk, when the various surface may be ill 
uminated by a floodlighting installation. The app 
earence of the building at night is therefore 
taken in to account when designing the building 
and it is most important that if this is the 
case, there shoud already be good cooperation, at 
this stage, between the lighting engineering and 
the architec, in order to avoid any risk of the 
architect's conception being misinterpreted. 

CHARACTERISTICS OF LARGE FLOODLIGHTING EQUIQMENT 

------------------------------------------------------- 
An important 

cting floodlights 
le between the 

factor to be considered in sel 
is beam spread - i.e., the ang 

points on a candlepower distri 
that are 10 per cent of the mx. 

large, low area to be lighted from 
short distance dictates wide - beam 

while greater distance suggests na- 
equiqment. A tall building lighted 
in floodlights will, on the other 

for narrow beam equiqment for lighting 
part, mainly becouse of the grazing 

the light. Four factors determine beam 

but ion curve 
candlepower. A 
a relatively 
floodlights, 
rrower - beam 
from close 
hand, call 
the upper 
angle of 
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spread of the luminaire: 

1 - Dimensions 
lector. As the 

of the light source and the 
ratio of the light source 

reflector size increases, 

ref 
dim 
the ens ion to 

beam spread 
the 
increases. 

used 
texture of the reflector. Polihsed 

narrow beams, etched for wide 
( sometimes a polished surface is used 
phospor - coated high - intensity - discharge 
to achieve similar beam spreads, while 
a choice of color rendition). 

for 
is 

beams 
with 

2 - Surface 

lamps 
allowing 

3 - The diffusing 
the glass cover. 

or refracting characteristic of 

4 - Focal lenght of the reflector. The spherical 
elliptical, parabolodial, cylindrical, or a combina 
tion of these. The shorter the focal lenght, the 
larger the beam spread. The conventional gener 
al service - type incandescent lamp placed inside 
a polished reflector covered by clear glass a 
gives a beam spread of 25 degrees by 25 deg- 
rees. Changing the reflecting surface from polishe 
to etched enlarges the beam spread to 65 deg- 
rees by 65 degrees. If the glass is stippled 
the beam spread is reduced to about 40 degrees. 
But then a frensnel lens can produce a nonsymm- 
etrical beam pattern of 25 degrees vertical and 
45 degrees horizontal. 

ARCHTECTURAL CHARACTER DETERMINES TYPE OF LIGHTING 
------------------------------------------------------- 

A significant aspect of the more 
ples of the floodlighting buildings 
very many cases the architectural 
buildings pretty much suggests the 
ting that is most appropriate. In 
engineering factors, thoug important, 
vient to aesthetic demands. The lighting 
the equiqment are geared to emphasize 
features in a natural sort of way. 

recent exam 
is that in 

character of 
type of ligh 

other words, 
are subser 
approch and 

architectural 

To illustrate: The celluar grid and horizontal 
sun shaded facade of a tall building is cross- 
lighted by two banks of floodlights shining up 
from ground or near ground level. The result is 
a building that is uniformly lighted but with 
strong accents on the undersides of the hori- 
zontal sunshades and modeling effects on the grid 
elements. The buildins has punch as well as brillance. 

Another building has filagreed precast concrete 
screens between tall concrete columns topped by 
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a cornice. Single rows of floodlights at 
level highlight the screens and graze the 
with even illumination. The floodlights are 
to the building, and with their high aiming 
they brightly illuminate the cornice. 

How bright the building should be depends not 
only upon the general ambience of illumination in 
the neighborhood of the building but also upon 
the personal preferences of client and architect 
For any major building, the architec and a repr- 
esentative of the calient should visit a number 
of floodlighted buildings - building of some - what 
similar characrter and size - so they can better co 
mmunicate their preferences to consultants and fl- 
oodlighting equiqment manufacturers. 

The type of floodlights to be used will depend 
a number of factors: 

ground 
columns 

close 
angle 

upon 

1 - How 
spread 

the building 
considerations, 

is 
etc.) 

to be illuminated ( beam 

2 - The type of lamps that are used as 
to function, color, cost - general - service 
cent or tungten - halogen, projector or 
incandescent, phosphor - coated or clear 
high - pressure - sodium. 

related 
incandes 

reflector 
or mercury, 

3 - Economic consideration. 

4 The size and character of the building. 

Price determination of lighting levels and bright- 
ness can be a tedious arithmetic process, parti- 
cularly when floodlights are aimed at all sorts 
of angles toward a facade. For precision, calcu 
lations have to be done by the point - by - point 
method; for a building any size and a fair number 
of fixtures, the process can be exceedingly time 
consuming. To explain the point by point method 
The illumination level can be calculated for one 
luminaire at a series of grid points on a fac 
ade, assuming that the luminaire's location and 
aiming point are known. But if there are, say 10 
lines each way on the grid, there are 100 points 
and if there are 50 luminers, there are 5000 se 
perated calculations. Thus for particularly important 
of difficult floodlighting jobs, it may be advi 
sable to consider the use of a compiter; prog 
rams have been developed to this chore. 

Selection of light source 

Selection 
bination of 

of light source depends 
factor, among which are 

upon 
size, 

a co 
shape, 
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and type of building, desired lighting 
lour preference, extend of beam control 
from the floodlighting, and relative 
( first cost versus owning cost). 

For overal lighting of building facates, the 
number of floodlight generally can be determined 
by deciding what footcadle level is desired and 
then using the beam - lumen method to" find out 
how many floodlight are reqired. Floodlight sele- 
ction for overall lighting as regards beam angle 
is governed primarily by floodlight location. 
( floodlights are divided into seven types by 
the National Electrical Manufacturers Association, 
on the bases of beam spread. Beam efficiencies 
( ratio of luminaire output lumens to lamp lumens) 
For example, for a low building, a wide - beam flo 
odlight would be indicated if the luminaires 
must be mounted close to the building; narrow 
beam if they are far back. But with a tall buil 
ding, on the other hand, narrow - beam floodlights may 
be needed if the luminaires must be mounted close 
in. The reason is that otherwise there would be 
too great a difference in illumination between 
top and bottom of the building as result of the 
building and the grazing angle. But with a low 
height building, the floodlights can be strung 
out in a row and overlap of beams will produce 
the desired uniformity. 

The beam - lumen formula is 

effect, co 
required 

economics 

N = (A* fc / ( BL* CBU * MF 

N is the number of luminaires. 
A is the area to be floodlighted. 
fc is the footcandle level. 
BL is the beam lumens of the luminaire. 
CBU is the coefficient of beam utiolization. 
MF is the maintenance factor. 

The footcandle of illumination to be used will 
depend upon just how bright the building is to 
appear against its surroundings. Of course, the da- 
rker the colour of surface of the building, the 
more light will be needed to achive a given br 
ightness. Typical footcandle values for exposed co 
ncret facades might be between 5 and 10 fc, pro 
vided that there is not too much competing bri 
ghtness in the surroundings. A figure sometimes given 
as to how much brighter a building should be than 
the competing surround is in the range of 4/1 to 
5/1. 

Another way 
stand out against 
the use of colour 

Phychologically, 

of helping to make 
its surroundings 

a building 
is through 

the difference in colour may 
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attract attention. The illuminating engineering so- 
ciety has recommandetions for illumination levels 
depending upon the reflectance of surface materi- 
al and the competing brightness. These values, of 
course, are not absolute but should be used with 
judgment based upon experience. 

The coefficient of beam utilization is that fra 
ction of the beam lumens intercepted by· the buil 
ding surface. Beam lumens of a luminaire are the 
total lumens within the beam spread of the lum 
inaire. Designers try to select a floodlight so 
that the CBU is at least between 75 and 80 
per cent. If half, or more than half, of the fl- 
oodlights are aimed so that all their lumens 
fall on the lighted surface, the overall utiliz 
ation factor will be about 0.75 ;if one quarter 
to one - half of the floodlights are aimd in 
that manner, 0.60 ; less than one quarter, not 
0.40 ( with towers and steeples the utilization 
factor may be less than 0.25 ). 

Maintenance factor is equal to the lamp lumen 
depreciation factor multiplied by the luminaire 
dirt depreciation factor. This factor compensates 
for reduce illumination as the installation bec- 
omes older the loss of illumination results from 
the combined effects of gradual reduction of 
lumen output during lamp life and the loss ca- 
used by collection o dirt. A reasonable maintenance 
factor to be assumed for enclosed equipment is 
0.75. 

It has been mentioned how location of equipment 
affects the selection of floodlights. As a general 
rule, it is desirable to have floodlights loca 
ted a distance out from the building equal to 
at least one - fourth to one - third the height 
of the building. The farther back the floolights 
are from the building, generally speaking, the 
wider the choice possible in floodlight and 
lamp selection. 

Whether the floodlights are concentrated in banks 
or lined up in rows depends upon severals fac 
tors. They may be arranged in rows 
1 - illimination is to be even and 
not to be too strong. 
2 - There is a series of tall 
ich is to be accented. 
3 - Space availability is no problem and the lumi 
naires can be easily concealed. 

Floodlights may be arranged in banks 
Space availabily is a problem. 

2 - Concealment is difficult. 
3 - Fairly strong modeling effects are desired. 

For lower buildings, floodlights mounted at 
ond or near ground level will be aimed with 

center of their beams striking the building 

if; 
modeling need 

columns each of wh- 

if: 

gro 
the 

near 
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the top - a typical aiming point might be 2/3 of 
the height. Even with a building of, say, eight to 
ten stories, the floodlights might be aimed near the 
top to accent a cornice and still illluminate the 
facade fairly evenly. A very tall building, on the 
other hand, if lighted from floodlights close to 
the base of the building may have to be illum- 
inated in segment in order to achiev 'reasonable 
uniformity. 

Obviously there can be no exact rules for 
location or aiming of floodlights becouse of the 
many variables. Nature of building facade ( materials 
and design) available areas for mounting floodlig 
hts, desired effect, etc •• It may be that the arc 
hitect does not want uniformity of illumination but 
rather a graded wash or even bright accents. But 
11 accidental II lighting effects and unintentional sp- 
ottiness surely should be avoided. In the point by 
point method, the most exact method for determining 
footcandle levels produced by a single or over 
lapping foodlight beams. A point is selected on 
the building surface; then, knowing the candlepower 
of the floodlight beam aimed at that point, the 
designer can determine the footcandle contribution 
by a combination of the cosine law and the inve 
rse - square law. 

A more visual method of getting a picture of 
the amount of illumination on various portions of 
the building facade is to used the isocandle curves 
presented in manufacturers photo metric data, and 
to draw this curves on the building facade by 
projection. To get and accurate trace of the curves 
on the facade by this method can be a quite 
time - consuming process. However and experienced fl 
oodlighting designer can sketch the projected iso 
candle curve by projecting a few points, and with 
these projected curves he can predict with suffi 
cient accuracy what footcandle levels can be ex 
pected. Through experience, the lighting designer will 
be able to establish trial aiming points , once 
he has determined the number of floodlights nece- 
ssary. Then he can check his results to see 
whether II re - aiming II on paper might be necessary. 

If the building floodlighting situation is such 
that PAR or R lamps seem indicated, the footcandle 
levels can easily be calculated by tracing foot 
candle patterns of these lamps, which are provided 
in the literature, at the given angle of projection 
( 0, 30, 45, 60, 70 degrees ) on a scale drawing of 
the area to be lighted. 

It must be recognized that no matter what 
type of floodlighting design approch has been used 
no calculation method anticipate small areas of 
sharp gradiation in brightness where beams may 
overlap too much or not enough. These may show up 
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as light or dark streaks 
that there always will 
ired in the field for final 
ghts to obtain the efffect 
itect and his lighting 

or 
be 

striations. This means 
some adjustments requ 
aiming of the floodli 
desired by the arch- 

consultant. 

SURFACE MATERIAL OF THE FACADE 

In determining the illumination 
facade, in order to obtain the 

ness the reflection factor and the way 
surface material reflects the light 

to be borne in mind. The 
the reflection factors of the 

factors 
dicates 

level needed for 
required bright 

the building 
are important 

table below in 
number of dif- 

a 

ferent materials. 

----------------------------------------------------------- 
MATERIAL STATE 

White marble fairly clean 

Granite fairly clear 

Light concrete fairly clear 
or stone 

REFLECTION FACTOR 

0.60 - 0.65 

0.10 - 0.15 

0.40 - 0.50 

Dark concrete 
or stone 

fairly clear 
very dirty 

0.25 
0.05 - 0.10 

Imitation concrete clean 0.50 

White brick clean 0.80 

Yellow brick new 0.35 

Red brick dirty 0.05 

The total 
following 

reflection 
points 

from a facade depends on 

* The material of the facade 

The incident angle of the light 

The position of the 
reflecting material ( 

observer 
specular 

in relation 
reflectuions ). 

to the 
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The colour 
factor. 
The colour 
if light of 

of the material is also an important 

of the surface 
the same colour 

material is 
is used. 

accentuated 

A distinction can be made between the diffuse re 
flection and specular reflection and of "variations 
between the extremes. These different types of ref 
lection are due to the particular surface textures 
of the different materials. Four classes of surface 
may be distinguished are below. 

Very smooth surface 

A very 
a mirror, 
ted light 
( see ·fig. 

smooth surface acts 
with the result that 
is direct upward, away 

1 ) • 

more 
most 

from 

or less as 
of the reflec 

the observer 

Smooth surface 

Light is reflected 
smooth surface; a small 
hes the observer ( see 

somewhat 
amount 
fig. 2 

diffusely from a 
of this light reac 

) . 
Dull surface 

is 
the 

Incident 
even more 
light is 

light reflected from a 
diffused, so that a 
directed towards the 

dull 
large 
viewer 

surface 
part of 

(fig.3). 

Very dull surface 

Light 
diffused 
part of 
erver ( 

reflected 
to a large 
the light 

fig. 4 ). 

from a very 
degree, and 

is directed 

dull surface is 
therefor a great 
towards the obs- 

It is obvious that these different reflection pr- 
operties of surface material necessitate a diffe- 
rent illumination of the facade, in each case, in 
order to achieve the required brightness. 

Even the mount of grime on a building is impor- 
tant . the reflection factor of an clean facade , 
can sometime be more than twice that of a gr- 

y facade. This was clearly illustrated recently 
en certain historic buildins were cleaned. 
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