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CHAPTER I
INTRODUCTION

The attitude of educators and school executives con-
cerning the lighting conditions in the achool shops of this
country has undergone a significant change in the last few

years. Educators ngﬁ'apyreciate the importance of good
visual environment for their students and realize that the
vastﬂmazority of the shoprooms are inadeguate in this
respect,

In recent years many studles have been made in regard
to the proper lighting of school shops. It has besn found
that very few shops are located so that a sufficlent amount
of daylight can be provided in all parts of the sim;:f.Q There-
fore, it.beeﬂmas necessary for the shops to be illuminated
with artifiecial lighﬁ.i Tests shaw that the more exacting
the eye task, the more illumination must be supplied. Il~-
lumination values should be higher in shoprooms than in
regular classrooms because of the more exacting work done.

The cost of educating a pupll varies considerably i&*f |
different localities, If thé correct type of illumination

 *goraon o. Wilber, Industrial Arts in General Education,
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1s used, the cost is less than 1t would be with incorrect
illuﬁinatmn. Good illumination ie an important factor in s |
preventing eya.faﬁigua-aaé in developing desirable physio~
logical and #@?@h@l@gieal r@ﬁults.a

‘There are many factors to be eansiﬂereﬂ when stuﬂying ;
tha lightimg af 1nﬁustrial arts shops. Aﬂaqaate 1ight is ang
of %he mﬂat iﬁpaxtant faatars, and by a&equate lighting is
mﬁanz,ligh% that is sufficient in guantity and guality.
ether faatara to be aanaiéaraﬁ include the location of the -
shays 1n.the builﬁing, the windaws, interior paintiag, Wiﬂﬁhg
aaﬁ leagth, and tha ceiling height af tha sh@praaﬁs.

ﬁhﬁ stnﬁy harain iz directed taward better lighting in
the iﬁéastrial arts shops far more efficient work. E:fig;engy,

cemfort, and the welfare of a.wﬁrkerrawe»deganﬁanﬁ on.his,a¥§s1

| Statement of the Problem
‘f%vThé‘sﬁﬁéy is an evaluation of the light in the indus+ }
trial arts shops &f the public schools of Fartfwﬁrth,‘raxaa.j

Limitation of the ?reblsm ‘ i
This study‘is Iimited to the industrial arts shags mf
the 3unier and senier high sechools of Fﬁrt worﬁh, Texas.
Only schools for whites are included. This study includes

2

Russell c. Putman, “Th@ ﬁwsriaan Stanﬁard ?raetic&s of
School Lighti ﬁkg hne and University
(1949-1950), 301
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the woodworking shops, the metal shops, the drafting rooms
in the senior high schools, and the general shoprooms of
the Junior high schools which consist of woodworking, metal

working, and drawing in the same rooms.

Definition of Terms:

It is very easy to confuse some 1ighting terms with
other termsj therefore, it is necessary to draw lines of
distinetion beiween certain terms. The following terms will
be used throughout the study:

rtion.-~The ratio of width to length.
ial light.~~Light from an artificial source of

€nergy. |
- NHatural light.--A light that is opposed to artificial
light and comes from daylight.
wwf§§x£22 lighting.--A system of lighting in which prac-
tieally all of the light comes directly from the light

source.’

, Lighting.--A system of lighting in whieh
practically all of the light reaching the working area is
reflected from the ceiling, walls, or other abjeets.k
f%ggirﬁigg&& lighting.~-4 system in which the greater
part of ths light, on a horizontal weﬁking‘plane, comes

3E1rcy W Belliager,‘FSeeuring the Right Kiﬂd of Light,®

Industpial Arts and XX (March, 1933). az.‘
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directly from the lighting unit, and a substantial part comes

by reflection from the inner surface of the rnéﬁ.s |
z-~;ﬁ%~;megmemwlmmaﬁwuyﬁm

the luminaires to the working plang, the greater part of the

111nmiaatien is produced by 1ight reflected from the interior

6
surfaces of the rfoom.

A
A

g.~-A unit or quantity of light falling upon

a surface one foot square and at a distance of one foot
from a standar&‘light.g
‘ r.~-The ratio of light reflected from a

gsarface to the light\falling upon 1t, usnually quoted as t%e
S |
per aent of light reflected as measured in foot~candles.

o o 6 -
~’ p‘ 136. ’ o m‘, po:n 136;

"~ i

7 ,
Charles Bursch and Charles Gibsen,“ﬂayiighting the
Americe ity, ?II (19#5),r

8 | 9 | -
m;; Pe ?7- ©  Bursch &ﬂd Gibﬂgﬂy Q,'Q- QL&.,I‘% ?7a
10
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~— Bi~-lateral light.~-Light coming from opposite sides.
of a ra@m,ll ‘
v Oni-lateral light.--Light coming from one side of a
rﬁﬂm}z
o ddght«~~The raw, vislble radiant energy from any

13
light source.

ntion.~~The general *"spread®™ of light over any

given area.l% '

Foot~candle meter.--An instrument used fto measure foot-
candles for either natural or artificlal lighi.

, osg meter.--aAn instrument used to measure bright-
ness of either natural or artificial light,

Source of Data
Data for this study were obtained from magazines, books,
srgities, volumes of The I;;gﬁ;ggﬁigg,ﬂg;AmEfgiiz Soclety,
and volumes of The Electric World. Additional information

was secured by the use of check sheets and actual measure~

and articles in volumes of The American

‘ments obtained by using measuring meters seenréd frsm the

Texas Fower and Light Company in Fort Worthy Texas.

11 12

13 ih
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Related Studies

Yery few studies have been made In Texas in regard to
the lighting situations that exist in the industrial aris
shopg. Until reeently very little thought was given to the
type of lighting that should be used for industrial work
to obtain the best results.

In recent years, numerous studies have been made in re~
gard te;%hﬁ lighting of shoprooms, but many of the studies
have Been of the laboratory type. It appears that too little
reéeareh has been done by independent agencleg, and that too
little falth has been placed in the theory of a single cause~
and«effeet, direct relationship between illuminating cone-
ditions and pupil reaction. Too little attention has been
given the human factors invalved‘ig

One of the research agencies, after a thorough study of
illumin&tian in several differant school shops, gave th&
fﬂllewing rapsrt:

" There is an urgent need for a broad, cemprehenai?% 
investigation of &ll phases of c¢lassroom lighting by a
national body such as the American Educational Research
-Association, Financling should be adequate for a long '
period survey in which there should be unlimited oppor=

- tunity for studying the physleloglcal, psychological,

and educational aspects of the problems. FPublic Hﬁaith'
cffieials, genaral medical practitieﬁﬁrs, soeiologlists,

15
~ Don L. Easex, “Lightiﬁg for School Bulldings,"
American Schools and Uplverslties, XX, 127.
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school glgnt,gpeeialists,;illuginatigg engineerg~e

all should have a hand in the study.

The most gralifie experimenter and writer in the field
of school lighting is Matthew Lucheish, Director of the
Iighting Eésaareh Laboratory, General Alectric Company, Nela
Park,'ﬂleﬁelaﬁﬁ, Ohio. Lucheish has written several books
dealing with school lighting. One of his latest books,
Light, Vigion, and Seeling, deals entirely with schoclroom

lighting and its effects upon child pragress.l?

A new researcher in the field of school lighting is
Darell Bﬁyd Harmon of the Texas State Department of Health.
He has recently experimented with improved classroom light-
ing involving (a) redecoration; (b) changed patterns of ceil-
ingsy (e) controls at the windows. After a six-months period,
the following improvements in the health of the pupils in-
volved vere found: |
1. Reduetlion of 57.1 per cent in refractive eye
problens,
2. Reduction of 90.1 per cent in non-refraction
gye problems. o
3. Beduction of 44.5 per cent in nutrition problems.
4, Reduction of 30.9 per cent_in chronic infection
problems (eye, nose, and throat).l | | '
- In 1924 The Western Electric Company in connection ﬁith’
Thé Ratlonal Academy of Science began a research that lasted
two and one-half years, Its purpose was to 3tady the rela~~fi> 

tion of guality and quantity of illumination in regard to

. 17 18 o
- 1bid., p. 127. Ipid.,p.127.  Ibid., p. 127.
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efficiency. F. J. Roethlisberger and William J. Dickson
were in charge of this research. They féﬁndy by increasing
illumination from twenty-four feot~candles to seventy foot-
candles at every work place, efficiency of the workers and
students inereased. This increaae in foot-candles gavé an
over-all constant illuﬁination of twenty-eight foot-candles
in the raom.19

'In 1948 the American Standard Practice Committee for
Sehoél Lighting set up some recommended standards as a re-
sult of their research work. These are as follows:

Reflection Factors

Recommended limits Observed
Ceiling 80«85 foot-~candles 85 foot-candles
Walls 50=-70 foot-candles 60~70 foot-candles
Trim 30-40 foot-candles 48 foot-candles
Bench tops 35~50 foot-candles k2 foot-candles

Floor 15~30 foot-candles 22 foot~candles
~ Brightness Ratio

Recommended limits Observed
The seeing task 1 to 1-3 1-16
Central vision 1 to 1-10 1 to 1-9
Bright surface 1 te 0-10 1 to 2.8
Between luminaires .

or windows 20 to 1 3.4 to 1 20

In their research work the members of the commitiee
found that very litile work could be done toward efficiency
if the standards were lower than the ones given above. The

19 ‘
2Ol”ii" Pe 127'
Russell C. Putman,”The Amerlcan Standaro Prdctlce

for School Lighting," American Schools and Universities,
XX1, 289.
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enly way these stanéards could be met was by'increasing the
number of laninaires in the rooms of old buildi::s or by
adding a sufficlent namher of .

%minairas in new huilﬁingslwhén

under construction.

?reatment of the Data

 Ch§pter I of this thasia}ineluﬁas the introduction,
statement of the problem, definition of terms, source of
data, related studles, and treatment of the data. |

Chapter II takes up the factors affecting lighxing and 7
the development of the criteria. In this chapter the locas
tion of the shops in the bullding is discussed, the ratio of
width and length, how light is measured, the accepted stand~
ards of shop 1ighting, and the sources of light are alsc
discuased. .

In Chapter 11I the presentation of the data 1s set forth
by drawing the plan of the shoprooms, the metal shaps§ and
the drafting rooms. Thiz shows the present type of lights
in the rooms, the slze of the rooms and the window locations.

Chépter IV is an analysis of the data. Recommended
praatiees‘are giv&n and compared to the present situations
that are found in the schools of Fort Worth.

Chapter V sammarizes the findings and gives conclusiama.
Reeammenﬂaﬁians are made in such schools that need better

light for the shops in the Fort WQrthfyublia schools,



CHAPTER 1I

FACTCRS AFFECTING LIGHTING AND THE
DEVELOPIRG OF THE CRITERIA

The purpose of this chapter is to present data from
various sources relative to the type of lighting that is

reeemmanded by school W ng beards for industrial arts
shops. Modern practices now are to have rooms lighted from
concealed sources to make the proceedings clearly visible in
all partz of the rooms. Better lighting in the school is one
of the architect's most importani prohlems for it meéns‘ |
easier work for the eyes of students and teachers, saferkéeﬁf
ditions for eyes, nerves and body, more thorough assimila-
tion of knowledge, more effieient and effective edueation,
anﬂ & more up-to-date scheel.

- In the study of 1ighting it is important to know what
types of light are the best to bring about the best working
eonditiéns. It is also impertant to know how light ié disuAu
tributed so there will not be any ayaatra1§, eye fatigue,

or discomfort in any manner to ithe worker.

-1
William E. Harner, "Studies in Sehool 8hop Planning,

%ﬁ.&%& Arts and W Edueation, XXIII (February,
} £ J

10
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Location of the Shop

There are many differences of opinion in regard to
the best locatian of an industrial arts shop in the school
building. Generally, the shoprooms are found in the base~
ment of the hniléing or on the ground floor of the building.
Some bullders whe plan the shoprooms give very little
thought to the loecation of the shops in regard to lighting.
Usually, their idea is to place the shop as far away from |
the main schocl plant as possible in order to avold the
noise and dust that come: from the shop, especlally where
wood and metal classes are held.

Regardless of where the shop is located, there are two
main factors whieh should be considered. These factors are
véry important in regard to shop lighting. William E, Warner
gives the theughtAfcr one of the factors as followss

Floor ;gzgiﬁmaenﬁ/factor>is the first floor or street
floor level (the rule usually followed is to place the shop
floor one step above the grade level); or the partial basew

ment, second floor for drawing rooms, total basement with

area ways, and total basement with area ways (consiéai:f
least ﬁesirable).g
R. W. Bexton presents the thought for the second factor

as followgs

2
ipid.y p. 32.
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flmwm.uafbireetion of face of shop). Orientation

is one of the most important phases of shop planning. The
shop should be planned to admit as much natural light as o
P@aéible; however, windows should not be located in such -
positions as to create direct or indirect glare, If natural.
light is naf safficient to light the shoproom, artificial
light must be added as necessary with the nearest correct .
Giffusion and brightness that can possibly be produced to
obtain the result desired,> |
Warnerts p@iﬁt of view on orientation is as followss
nrawing teachers have agreed Tor a number of
;«'years on the principle that their rooms should have
“north light. This eustom 1s seen to be no longer
valid if one will go into the problem of natural
~ yersus artifieial 1light. There are very few places
. where natural light is to be depended uptm at all :
times of the year for drawing. Artificilal light 1s -
infinitely more desirable because 1t can be centrclle&,;a;
egually well at all pgrie&s of the day and all: S
~seasons of the year. 5
~ ;1n regaré to shop location, one soon eoneludes that itf:

does not make any difference which way a shop or drawing

ree@ faaes as long as the artifieialAlighzinginstallatian$: *? °.’

are correct, The custom, however, 13 to have a corner r@ﬂm,

a hiwlateral room or a hasement room whiah is least degirableg

3

Re We Sexton, §ghgg;§, Pe g.

l"Efsfi.ti’nimaz Be Warner, “gtudies in School Sh@p Planning,
Arts and Yocational Education, XXIII (Fehru&rys;:
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| ~ Ratio of Width to Length

| The width, length, ceiling height, and shape of the
shop have'a very important place in shop lighting. The’,,'
general rule followed is to keep shops within a ratio of
lzlsﬁﬁ to 112 as regards width to length. Very few shop=
rooms are found to hsve a ratio of 1i:l; however, drawing
rooms‘eah be of this ratio, depending upon the size of the
buildings in which they are situated. There afe many-difn‘  3
feréﬁtfshapes for shops, for example B, Hy, U, or L. There  ,7
see@s taybe little excuse for anything other than an oblong !i
shapeﬂ shoproom unless the irregularities are used for -
auxiliary ﬁurp98esﬁ |

A majority of the woodworking and metalworking shops are
bﬁiit to a ratio of 1:2; that is, if the width is twenty- |
eightvfeet, the length is fiftyesix feet. This gives‘siztya;
twe_sqaare feet per pupil for a class of twenty~fivea~iﬁbals&?
gives'g'sﬁfficieat amount of space for at least twelve work
benches, and an equal distridbution of both natural light and
artificial light c¢an be obtained, depending eonsidar&hly ﬁpé-
on the spacing of the windows and the location of the in-
stallatians.é |

If a shop has a ratio of 1:2, a uniform spacing arrange-

ment for lighting fixtures would be the placing of fixtures

6
m'; Ps 33s
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on approximately a ten-foot gix~inch center. The dlstance
from the lights to the wail should be at least cne haif the
distance between the fixtures. Cccasionally the spacing of
fixtures in the shoproom with a bayed celling must be
adapted to the arrangement and size of the b&y;?

The height of the ceiling is another important factor
in shop lighting. The architect may balk at providing more
ceiling height for shepsi but 1t has been found that shops
require more ceiling height than is required in academie

ssrooms because, as a general rule, the windows of the

shops are designed to be bullt higher and nearer the cell-
ings and because the higher the windows the more natural
light comes into the shop and less glare will be upon the
gtudehts?! work. The average celling height for the shop is
from thirtesn to fifteen feety aﬁy'height less or greater
than this would seem ahnormal; however, there are exceptions
to the ceiling height in shops where foundry and plumbing
are taught. Ceilings of two-story heights are more de~

31rable for these courses.

Planning Installations
Accurate planning of lighting instellation is a highly

technical precedure and reguires much ground work in the

7 » B
Ibié .y p~33~ vm.’ pp 33Q
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prineiples of illumination. There are several factors that
are to be considered in planning the lighting of the skop.
Elroy Bollinger states five of these factors as follows:
1. Determine the number of foot-candles required.
2. Determine the condition factors of the ine
vterier (this concerns the color of paint on the walls,
¢eiling, and equiyment}, vhether favorable, average, or
unfavorable.
S 3. Determine the type of equipmant used, such as
benghes, machines, and supplies. ,
4, Decide mounting helght, considering minimum
- drop from celling. Twelve ree% is a desirable mount~
 ing helight from the floor.
- 5s Determine lamp size_and types of lamps to be
“vnséd in the aatnal layouts 9 |
© Vital things to be uaﬁeratﬁod in plaﬂning the inatal»
latlon of lighting egquipment are 1ntepsity, diffusion, and
control. Whether the source be natural or artificial, the
most important thing is to secure approximately fifteen
foot-candles of 1light at bench helght all over the shoproom.
The intensity should increase to at least twenty~five foot-
candles in areas where planning, drafting, or fine work is
uaéer‘way.lg ;
When plamning the lighting installation of the shop, the
color of the walls and the ceiling should also be considered.

The surface should be painted a color to diffuse and absorb

9
- Elroy W. Bellinger, "Sacuring the Right Kind of Light,"
ustrial Arts and Vocationsl Education, XXII (March, 1932},

10 ,
Ibid.y p. 137.
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the light rather than to refieet the full brightness of the
source. Ivory paint has been found to be approximately
seventy-one per cent efficient in reflecticn‘llxt is best to
have above the eye level, including the ceiling, a light
color, and below sye level a somewhat darker shade of the

same zaler; ivory, for ezample, may be used.

Lighting Design

Standards have been set up and recommended by school
planning boards for shops and drafting rooms in regard to
the amount of natural light and srtifieial light that should
be available for each shop. The recommendations are for
elght to one hundred foote-ecandles, This includes metal
shops, woodworking shops, and drawing rooms., If nastural
light 18 not sufficient to light the rooms adequately, ar-
t;fieial 1ight must be added as necessary from the required
direction and with the correct diffusion and brightness to
produce the results desired. ,

gince the amount of light, natural and artificial, now
used in any shoproom can be measured, there is little, if
any, excuse for a poorly lighted roocm. Meters are used to
measure illumination in units called foot-candles. The

13

4D

2wy P- 13?; .

12 ,
i RQ Ve ﬂ@xtﬂﬁg SCHOnLS .,
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problem is to maintain the recommended number of foot~candles
of illumination on the tops of the desks located furthest
from the windows regardless of the position of the window

shades or of the daylight levels near the windows, eliminat-

13
ing glare.

Bollinger in his article, "Securing the Right Kind of
Light,” speaks of natural light in this manner:

The human eye is capable of adapting itself to
inmense ranges of light intensities., The midday sun
on a elear day produces an intensity of as high as
10,000 foot-candles. In the shade under the same

: 1ight conditions the intensity still remains close to L
1,000 foet~candles. This has been compared as to the
intensity of sunlight to 10,000 foot-candles placed
-one foot from a printed page or to & 30,000 watt lamp
placed in close proximity. The eye, frem this ezmrem@,
guickly adjusts itself to room conditions as low as
one foot-candle, 1/10,000 as fgeh as the brightmass
gonditions £ uné 1n sunlight*< o

S&hmel planning boards have set up recommended _
1@?915 far the school shops. One of the latest r@eomm@ﬂde&»f;"

1evels-for‘1nﬁus£rial,arts $hbp$ is-asﬂfellawazlgr
Department ; - Foot-candles Hinimum value
Drafting room .25 , 15
Forge shop, welding 10 6
Machine sh@g, rough 100 b
Machine shop, medium 15 10
Machine shop, fine : 20 { 12
Machine shap, extra fine 100 2@

Sheet metal shop, miscellanecus 12

3 o AL : .
' l‘ 4‘§‘ . =y Ps 8# o ’ ' BOlling&r, S0 mtg Ps 3.3?-

15 |
Ibid., p. 137.
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Sheet metal; punch press 12 8
Sheet metal, spinning i5 1o
Sheet metal, rough \ g 2
Sheet metal, medium 5
Woodwork, r@ugh 8 5
Sizing, planning, sanding,bench

work 12 8
Fine bench and ‘machine work 15 10

Drafting and extra fine machine shop work require more
foatwcaﬁdlés than any other of the above rooms or work. The
more l1lliumination these rooms have, the less e&e strain or
eye fatigue the students will have as they work.

A1l lighting authorities seem tc agree that, generally,
illﬁmination should be used as extenglvely as possible. This
reduces the rumber of outlets needed and also the amount of
maintenance. Careful planning in lighting design will help
take care of this sitvation.

Planning the installation makes necessary a decision
regarding the relationship between two types of lighting
in the shop, local and general lighting. lLocal lighting is
thﬁt type of lighting employed to 1lluminate some special
gpet or working area. General lighting 1s that type of
lighting useﬁ for a general purpose and in all of the sh@p.
ﬁh&re 1@331 lights are needed ovcasionally, they may be
handled as a special tool and plugged intalzgtlets that have

been conveniently placed in the work ares.

6 o
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Sources of Lighting

Lighting systems may be classified under two groups,
artificial and natural. The object of both is the same, to
prﬁviﬁé adaqnate light, or to light the shoproom, by
ratural or artificial light. Therefcre, it may be considered
as cne‘prbblem.l? In order-te arrive at a stéméarﬁ for ade~
qu&ta lighting in the shepream, the educator should be
familiar with the tasks to which the eyes of the pupilg are
suhjecteﬁ and al&o consider the eyentasks for which the
pupils are now being trained for g&rformanne in.latﬁ?>yaar§§

Unﬂer natural lighting, factors such as the amount of
aatural lighx, plaeement of windows, types of window gl&s&,_’
window design§ ané exterior and interior eantf&ls ére dis=
cussed. Under artifieial lighting, factors such as direct
1ighting, indirect lighting, semi-direct lighting, and semi~-
indirect lighting are considered. | B

‘Natural lighting or daylighting is provided naturally
and is universallyfavaiiable-during mueh of the time school
is in éessimn, Gareful,anﬂ intelligent use of it should be'
made éﬁring this time., There are two important factors ené
countered in natural‘lighting as stated by the illﬁminaﬁiﬁg

Sceiety. Tﬁesa faetorsvar@ as follows:

17 . |

lﬁiﬁig;t p. 8.
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. Availability and control. Some natural light is
available at all times during the day. It is variable
according to the seasons and weather, and its lower
value co-incides with the mohths of the school year.
With current practices of fenestration, the distribu-
tion of daylight in s room is uneven and falls off
rapidly as the distance from the priszary windows area
inereases. Daylight should therefore be carefully con=-
trolled in order %o provide the best results. +7 -
There i1s very little danger of getting too much natural

light into the shoproom, but there is very serious danger of
prbvidiﬁg»toa'small an amount of properly designed natural |
light. The best practice calls for certain standards in the
1ﬁeatién and siges of windows. This is in regard to spacing
the windows for more natural 1ight to enter the shop in;ﬁﬁdb
ways that a sufficient amount will be upon the working plane

20

and area. = Windows should not be spaced more than elighteen
inches apart and should extend to within eighteen inches of
the front and back walls. This is recommended so there will
be no dark shadows in either place. The headers of the windows
should extend as close to the ceiling as possible as this
increases the refleeting surfaces of the ceiling and in-
directly decreases the dark area around the windows. For a

uniform daylight illumination, the top of the glass should

19
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extend to & height ahove the floor equal to at least half
of the room dimension perpendicular to the window wall,
There is a gréat ,posaibility of possibly harmful features
in having low sills, because likely there wauld‘he excessive
brightness of the sills or of external surfaces to which
the eye wsulﬁ be expese&.zi
T&ere are three general ways of daylighting a school
room: - unilateral lighting, bilateral lighting, and multi-
lateral lighting. 1In thisrtype ofvlighting‘the Iight comes
from the outside through windows that are placed in the
building, Unilateral lighting is the type of light that
comes from windows that are on one side of the room. To rew
duce the great variation of illumination found in rooms in
which daylight is recelved from windows placed on one ocuiside
wall only, room éeearatiaﬁﬁ; which are in accord with light-
ing recommendatlons covering reflectances and effective con=
trﬁl‘cf\light entering the windows, are particularly recom-
mended. This type of lighting often results in great
uniformity.zg A
‘Bilateral lighting is that type of lighting which comes
from opposite sides of the room. This type of lighting has ’
thaAaéﬁantage,afkimprovement in uniformity of daylight il-
lumination. Precaution must be taken with daylight

21
- Russell C. Putman, gp. glf., p+ 271.

1 0 n, Po 271.




22

arrangements tm-pﬁeﬁent direct sunlight or skylight from
entering the room at angles near the line of vie§,2 

inother type of lighting that is being ﬁ#@é;mmrﬁ now
than ever before in school shops iz multilateral lighting.
This type of lighting 1s 1light coming in from three sides
of the room. This type of light is found to be satisfactory
in largé rooms where there can be a greater working area.
However, there 1s a greater danger of glare being coused
on really bright days.

Window glass is an important factor in dayiighting a
shoproom, Clear glass 1s recommendedj however, there is a
gpecial window glass that is now being used which diffuses
the light rays. This glass is on the market now, but it
should be carefully examined in view of the pesults desired.
For daylighting a room uniformly, the glass a%ea should not
be less than 16 per cent of the floor area. This is for
windows starting at least four feet above the rlcer’lﬁﬁal;g%

There are times, depending upon the location of the
shop, when light should be controlled from the interior and
exterior. From the extericr this is done quite often by
ad@ing louvers or baffles. Stationary vertical louvers &r@
get at a near right angle to the glass and can be used as &

23 2
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medium for shielding sky brightness from the line of
vision towsrd the front of the room and for s minimum
tarference with the admisaion of light. Baffles may be
in the form of roof projections or overhangs, Out-riggers
may also be used as shields. When the sun is in the op-

posite posiiion, the ocut-riggers may act as reflectors to
cateh the light at 1ts point of inﬂiﬁﬁaﬁﬁwag

Window shades should be transluncent and of highly dife
fusing llght-colored material. GShadea should never be
mng at the ﬁap of the sash unless direct s&aﬁigh£~ﬁs &
troblen considered. The upper part of the windows provides
the most light and this is most effective in lighting the
farther side of the room. The light admitted at the botw
tom contributes largely to the near side. Consideration
should be glven to the inatallation of two roller shades,
vaiging and lowering from the center of the uﬁnéaw;gé

If natural light 18 not sufficient to light the room
adequately, artificial light shounld be added ss necessary
from the required direction and with correct diffusion and
hrightness. Shops should never be allowed to have less
than twelve foot-candles of daylight coming into them,

25
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especlally on the working plane. Drawing rooms should
never be sllowed to have less than eighteen foot-candles of
daylight. If daylight is less tban the amount recommended,
artificial 1light should be supplemented. Sometimes it is
necessary to turn on artificial light only over areas of
the room which are at the greatest didtance from the win-
dows.

Planning the illumination of a shop requires considers
ation of wiring and switch arrangements which will permit
the operation of luminaires in a manner %o supplement light-
ing over areas vwhere natural lighting becomes insufficient,
The light should be so arranged to supply an even distri-
bution o all parts of the sh@piz?

Artificial lighting systems may be classified into
several different types, depending upon the mammer in which
light 1s distributed from the luminaires. The different
types of lighting systems used in this study are direct,
indirect, semi-direct, and semi-indirect lighting. These
clagsifications apply to luminalires for elther filament or
fluoreseent sources, the latter now being used more in the
shops. ,

‘The Illuminating Engineering Society lists the per-
eentages of light emitted by the luminalres upward and

27 |
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downward and does not take into consideration the efficiency
of the luminaires. In the following chart the percentages

are ¢iven as followss:

Classification Appreximate distribution of light
: - emitted
Upward Downwaré
Dirvect 0=-10 per cent 100=90 per c&nﬁ
Indirect 90-100 * ® 100 "
Semi~direct 10«40 ® ® g0-60 "* "
Semi~indirect 60~90 w9 LOwlp ® o ®

?he guantity of artifieial illuminatian in a given area
depends upon the types af light sources used. The selection
of tha basﬁ<types of lighting systems for a particular area
should receive careful consideratlon. Therefore, ihe ty@es
of»lighting syst&g& are discussed in the following para«
graphs.

‘Direct lighting is a system wherein practically all of
the light on a horizontal working plane, or at least that
relied upon in the design, comes directly from the light
sources., Refleetars are used gansrally o eut off the upa
ward rays and é@£§eet them ta the working area. This ﬁyge
of light-aftan causes a,glara, high brighiness, and dark
shadows . For some places with high ceilings this type of
light is usable, but in shops which ha?e a ceiling of twelve

feat, it is less sultable ta use‘gg

ggPuﬁmaﬁ, 2B, aiﬁtr Ps 3?3*
Clarence V. Dunham, Planning Industrisl Siructures,
Bs. 60. '
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‘Indirect E%ghtiﬁg is aiéyaiaﬁ cffligh$ing‘1n'wﬁich _
practically aizféf the light reaching a working plane is
reflected from the ceiling, walls, hulls or other cbjects,
none of the ligyting units being in view uf‘the'worker*s
aeyes. There ar%‘nﬁ sharp shadows or glare from this type
afilight@ Sﬁch.systema are especially adapted for offices
and drafting rooms, but are also used in all parts of the
shepé;‘This,tybz of lighting is very comfortable to the eyes
if the building or room in which 4t is located 1s light in
ecolor and elean. Much of the light is lest, however, if
there are 1arge§w1ﬂﬁaws in the raam.3ﬁ

Samiééireét‘lighting iz a system in which the greater
part of the light on a horlzontal werking plane comes 4l |
rectly féam the lighting units. A substantial part.comﬁé by
reflection froé the inner surfaces of the room or from other
objects. This type of lighting produces a more diffused
11lumination than does the direct type of lighting and
can pe quite annaying to persons who are working if the
glabes are too’ aear thelr fleld of 1aher.31

The semi»indirect lighting system pravidas -appreclable
light directly from the luminaires to the wopking plane;:ths~
greater part of the illumination is produced by light re-

flecieﬁ frdm ﬁhe interior surfaces of the room and from its

30 R
mi‘} ?‘ 30. S | Eﬁ&ﬁu P 60.
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contents. If the direct lighting i1s more than approximately
25 per cent of the total and if it is of moderate intensity,
this type of lighting would be well adapted to shops and

drafting rooms where fine work is dane.32

Measurement of Light

Lighting should be appraised and prescribed in terms of
gquantity and quality. The quallity of light refers to the
gsources of light such as those which have been menticned‘
previously. The guantiiy of lighﬁ,refers to the measursment
of 1ight in foot~candles or units of illumination.

The measurement of light intensity in foot-candles has
been simplified greatly ﬁy‘the development of fcotbcan&;e'
meters, These meters may be placed in the working planes in
numerous places in the shop and the intensity read off di-~
rectly in terms of foot=-candles. Since the foot-candle is &
measure of intensity of 1ight at any point, it offers & con-
venient index by which the amount of light needed may be
stated and a@mpared.33

: The General Electric Company's bulletin has this to
say on the topics

32 ' v v

33 . B
Elroy W. Bolliinger, gp. git., p. 137. ¢
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The foote-candle is only a measure of intensity of
“illumination. It is not a measure of seeing. As an Iin-
fluence upon seeilng its value is not fixed, for, other
conditions remaining the same, the effectiveness of a
foot~candle, as a direct ald for seeing diminlshes as
the level of illumination increases. To double our
ability to see it 1s necessary to increase the level of
illumination many times if other faectors are not altered.
The effectiveness of an additional foot-candle depends
upon three primary faetors: 1) the visual difficulty of
the work which the eye must perform, 2) the manner in
vhich the additional light is used, and 3) the level of
illumination to which it is added. It is also possible
to alter the guality, direction, diffusion, and distribu-
tion of light with a resulting inerease in ability to
see in many xt:asesu.»??)+ o

Ancther method of measuring light 1s now very commonly
used. This is the foot-lambert method. The foot~lamberi,as
a unit of measuring light reflected from a surface, is
rapidly replacing the foot-candle method. A foot~lambert is
the most common unit of brightness; it is used to measure
the average brightness of a light source, or the average
brightness of any reflecting surface. In experiments that
have been made, it was found that 100 foot-candles of light
falling upon & white piece of paper have a reflection factor
of 80 per cent. The paper absorbs 20 per cent of the light
and reflects to the eye elghtiy foat~1amberts.35 Much is
being done to develop means of measuring light by foots
lamberts, YThe change of lighting emphasis to the foot-lambert
will help schoel designers to become more consclous of the
guality~lighting factors.

3k 35 e
ibid., p. 137. Bursch and Gibson, op. git., p.77.
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Uniformity of illumination and freedom from shadows
have been effectivel& obtainﬁé by extensive research é%uﬁYa‘
Well distributed light and shadow-free light, both by~
products of a uniformly lighted ceiling, become all the more
important in a room where pupil saating arrangements depar§ |
from the traditional fixed stations. The mndérn.eéucatiﬂnal
practice requires that every avallable square foot af.raam
area be used for critical seeing tasks. This makes it ime
perative that more attention be given to light distribution.
It 45 another way of meagsuring the intensity of light.36

| Another method of measuring light is by light diffusion.
The brightnesz of a lighting unit is meagured in candle
power per square inch in a certain area. Authorities seem
to agree that this should not exceed three candles per square
inch and preferably should be less. There is some validity
to thisz figure when one knows that the\hrightnﬁss of the sky
rarely axﬁeaﬁs this amount, Brightness of a 1light source in
excess of three candles per squareyinch.hecnmes & possible |
gource of destructive glare.37

The presence of glare is very common and is a serious
fault of 1ighting. Glare may be designated as any brightness
within the field of vision which might cause discomfort, |

annoyance, and fatigue. There are two common types of glare,

36 v’ 37
Ibid., p. 77. iIbid., p. 77.
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direct glare and reflected glare. Direet glare iz caused
by light which reaches the eye dilrectly from the source of
light. One will get this type of glare when locking at a
brilliant unshielded incandescent lamp or a bright lighting
unit. Reflected glare may occur when pright images of win-
dows or of artifiecial light sources are reflected into the
eye {rom ggfny objects on the walls, ceillngs, or working
areas.38 |

There are other terms that are used for measuring
light. Some of these terms are as follows: Ilumen, which
is a unit of measure for quantity of light equal tc the
amount of light from a standard candle falling on an area
of one sQuare foot one foot from the source, or with an in-
tensity of one foot-candle, Ancther is the luminaire, a
complete lighting uwnit or fixture consisting of a light
source, together with its globes, reflsetors, housing, and
.supports. The luminaires contain the number of watts that
are released upon the working plane. Iwo other terms com-
monly used in the measurement of light are co-efficient of
utiligation and reflector factor. Co-efficient of utiliza=
tion is the ratlo between the light emitted by a light

source and the amount reaching the working plane. Rﬂflﬂﬁﬁiﬁﬁf
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factor is the ratio of light reflected from a surface to the
light falling upon it, usually guoted as the per cent of
light reflected as measured in feot«candles.’?,9

- In determining the methodgs of measuring light there is
one important factor called brightness ratio which sheuld\bé
studied very carefully. Srightness ratioc is the ratio of
brightness of the seeing task to the brightness of the gene?a1; 
surr@uﬁdings. Some liberty has been taken with this”ﬁeﬁm ; :
sin@e it is related to these itwo conditioms: 1) the ratio h&eviv
twéénwthe seeing task and the surroundings within the ciasé-
room, and 2} the ratio between large areas in the cl&ssr&éﬁ:
andvﬁky'hrightnegs.

~Iight units; sueh as a lamp on a drop cord direectly in =

the line of vision should not exceed in brightness one~balf
per cent per square ineh if eye fatigue is to be avoided. fha
brightness of light sources may be reduced by enclosing thenm
in globes that tend to distribute the brightness over their
entire surface. A 200 watt clear bulb emits about 186 Per -
cent, bnt when enelosed in a tweive«inah white gl@be, the 1u0

per eent 13 distributed over an area of apprakimately 110
square inches, or one and six-tenths per cent per square inch.
This gives a value of distribution of the light well wnthin
the limits of safety and will be very suitable for shops iflf
the fixtures are not continually in fhalliné“ef visien,gg‘€'

39 50
»m-, Vpc 61. B@llingal‘, m- m‘? p. 137:
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Chapter III gives the reader the floor plan of each in~
dustrial arts shop in the Fort Worth schools and also the
1light measurement readings that were made in eéah‘ A genaral
description of each shop 1s set forth so that a clearer
picture can be obtained of the shoprooms. This description
ineludes location, size of the shoproom, number of luminaires
in the rooms, number of windows and location of windows lin
the rooms, the color design of the rooms, and the types of
artificial lighting in the rooms.



CHAPTER III
PRESENTATION OF THE DATA

The installation of proper and adequate lighting
facilities in the shops of the junior and senior high
gchools has been neglected until recent years. In the past
twenty-fi#e years much progress has been made in the im~
provement of means of illuminating school shops. Modern
fluorescent lights have replaced the old carbon-filament
bulb. Changes in window structure from narrow windows to
large windows have been made in order to let in more natural
light. |

Many of the shops of the present day use fluorescent
lighting which is found to be very desirable. Reduction of
the flicker has all but eliminated the dangers of acci-
dents. The early fluorescent lights were a hazard., It is
much easier to approach a condition of shadowless white
light similar to good daylight than to use any other methoed
now available, .

In many of the industrial arts shops ingufficient light=
ing is still found. At numerous work places the illumination,

lllluminating Engineering Soclety Aggmig%g Bge
Practice of School Lishting (February 17, 193
33
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both natural and artifieial, ranges from the light of filve
foot-candles to even less. For any operation, the illumina-
tion should be measured on the plane occupied by the work or
seeing task, whether it be horizontal or vertical. In the
industrial arts shops or laboratorges there should be at
least fifteen operating foot-candles of general illumina~
tion for the best quality of work. In the drafting room
there should be at least thirty foot-candles operating be-
cause of the type of work done in that raam.z

In the Appendix of this study there are twenty-three
figures which give lighting plans, specifications and other
detailed information about shops and shoprooms in various
schools in Fort Worth, Texas,

Figure 1 shows the Ernest Parker Junior High School
general shep. This shop was changed from direct incane-
descent lighting to direct fluorescent in the spring of
1946. The general shoproom in the Ernest Parker Junior High
School 1s located in the southwest corner of the basement of
the main bullding. The room is fifty-four feet in length and
twenty-six feet in width, with a ceiling height of twelve
feet,

There are eight west windows and four south windows,
each containing two thirty~four by thirty~four inch glasses,
giving a total of 192.6 square feet of glass area in the
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room. The windows arve forty-eight inches from the floor
level and extend to within twelve inches of the ceiling.
The windows are twenty-four inches apart except in the éxvff
treme southwest corner. In this area they are thirty-six
inches from the éarner. | | ,

( There are twenty-two fiuﬁresaént installations in the -
roomj each installation contains ﬁwc forty-inch luminaiia$ f
of forty,watts which are suspended frém the’ceiling twen£y~‘
four inches, and the distance from the luminaires to the
fl@pr is ten feet. From the luminaires te the tops of the
work benches is seven feet and three inches, The luminaires
are hung five feet and six inches from each side wall, The
center réw of luminaires are seven feet six inches from
each. sidé'raﬁ. The length of the room ﬁhé luminaires are
five feet six inches from each end, and the installatians
are twenty@feur ineches apart. é

The color design of the shop is light ivory for the wall%
and @eiling; the wainscoating iz of a darker‘iQer, whila“tﬁeé
trim ar&unﬁ the walls, the door sills, and window casings é
is éark ocak. The furniture and cabinets in the room are
painted focal green; the tops of the benches are painted
gray. - -

Figure 2 in the Appendix shows the Meﬁﬂ&n Juniervﬂigh ‘

kv R gt i i A P AT AR e

Sehool géneral shoproom which is located in the northwest

corner of the main school building. The room is thirty feet
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wide by fifty-nine feet long and the celling height is
eleven feet. There are three west wlndows, five north win-
dowg, and four east windows in the room, with a total amount
of glass area for natural light in the room of 231 square
feet. The windows are forty-two inches from the floor level
and extend to within twelve inches of the ceiling. They
differ in the amount of space between them, but in general,
they are eighteen inches apart.

This shop still uses the incandescent type of lightingj
ﬁmwevér’ the luminaires have been remodeled and stronger
bulbs are now being used. There are ten luminaires in the
room suspended eighteen inches from the ceiling. The dis—
tance from the luminaires to the work bench top level is six
feet, ten inches, and from machine level it is six feet,
two inches. The luminaires are six feet from the north wall
and elght feet from the south wall, and extend to within
six feet from each end of the walils,

The color design of the shop is light ivory walls, with
a green wainscoating and light ivory ceiling. The trim is
light green on both the windows and doors. The base of the
furniture is painted foecal green with natural finished tops
except on the benches used in metal work. These tops are
painted gray. The storage cabinets are also painted green.

The floor is of conerete and it has been painted gray.
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The south side of the shop contains moere dark areas
than any other place in the shop, especlally next to the
finlshing and storage room. Very little natural light can
reach thls area at any time of the day.

Figure 3 represents ithe Rosemwont Junior High School
shop which is located in the northwest corner of the main
building. This shoproom is forty-two feet wide and fifty-.
eight feet long, and has an eleven-foot ceiling. There arc
six north windows, six west windows, smd four south windows
which are six feet, four inches from the floor. All of the
windows extend to within six inehes of the ceiling., and
there 1s a total zlass area of 231 sguare feet in the room.
The windows are evenly spaced except on the south side of the
room. These windows are thirty-six inches apart, while the
others are only twenty-four inches apart.

There are sixteen lnecandescent luminalres in the room
sugpending twelve inches from the ceiling. This shop has the
indirect type of lighting and uses 300 watt bulbs. The only
dark areas found in the shop are on the east side of the
room in the mornings.

The luminaires are mung nine feet from the gide walls
and extend within twelve feet of each end of the room. Theré
are three rows of luminaires and from the center row to each

side row 1s twelve feet. From the tops of the work benches
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to the luminaires is six feet, four inches and from machine
level it is five feet, eight inches.

The color design of this room is as follows: walls,

pale green; trim, ceiling, and cabine#is, pale green; base of
furniture except drawing equipment, foeal greenj drawing
equipment, light osk base with natural finished teps; metal
bench tops, gray, machines painted a dynamic color as recom-
mended by the Plttsburg Glass Company.

Figure 4 represents the Daggett Junior High Scheool shop-
room which is alse a general shop. The lighting arrange-
ment in the plan shows 1t as 1t exists at the present time.,
The general shoproom in this school 13 located in the northe-
west corner of the basement of the main building and is
fifty-three feet long and twenty«seven feet wide, with a
ceiling height of nine feet and four inches.

This shoproom has seven north windows; however, only
six of the windows are in the working area. There are only
three west windows. All windows contaln two glasses thirty-
six inches by thirty~four inches, whieh gives a total of 2k
square feet of glass area in the room for natural light. The
windows are forty-two incheg from the flcor level and extend
within four inches of the ceiling. Two areas covering at
least six feet are obstructive to natural light where 1t is
badly needed. One place is in the southwesi corner, and the

other place is along the north wall.
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There sre seven direct incandescent luminaires in this
shoproom, ranging in sige from 150 watts to 300 watts. The
8ix luminaires along the sides of the room are eight feet
from each wall and are spaced the length of the rasmrtwelve'
feet apart, leaving an area at the front of the room twelve
feet leng and twenty-seven feet wide with only one luminaire
that is placed in the center. In the store room there arevg
twe 1uminairea spaced eight feet apart. ,

The ee3ar design of this shop is as followss walls and
aeiling, light ivory; wainscosting, darker ivorys door anﬁ
windﬁw trim, light brown; furniture and machines, focal :
kijn, tops of benches, natursl maple finlshj and the floor
is wooud and is finish@d light.

'Figure"ﬁ presents the adjoining woodwork and metal
shoprooms of the William James Junior High School which are
located on the east side of the north wing of the main school
Plantgi'ihe wldth of these rooms is twenty-two feet and the
combined length is sixty~-seven feet with a eceiling height o
of twelve feet, | |

Uni-lateral lighting is founé in these shoprooms as
natural light comes In from only one side of the room. There
are nine east windows glving a total of 302 square feet of
glass area for the two rooms. The windows are thirty-six
in€hes above floor level and extend to within six inches
of the ceiling.
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In the two rooms there are twelve indireet Incandescent
lights with 200 watt bulbs in each luminaire. These are kept
on constantly in the afternoons because of the lack of
natural 1light in the rooms. The luminaires are suspended
from the celling twelve inches and are spaced approximately
seven feet, six inches apart when measuring the width of
the room and approximately elght feet, six inches apart
when measuring with the length of the rooms,

The color design of these two rooms is sinilar to other
shoprooms in the Fort Worth school system: walls, light
ivory; eceiling, white; trim, light oakj; and cablnets, light
green. In the metal shop the bases of the furniture, greenj
and the tops, gray. In the woodwork room the benches are
all finished in natural ecolor.

Pgure 6 shows the floor plan of the Meadowbrook Junior
High School general shop. This shoproom is located on the
ground flcor of the main school plant in the southwest cor-
ner. It 1s twenty-nine feet wide by thirty-eight feet long
and has a twelve~foot celliing.

There are fTive windows on the west side of the building
with seventy-two panes in each window. The south end of the
shop contains itwo windows thirty-twe inches wide and forty-
two inches high. There is a total amount of 218 gquare feet
of glass area in the room. The windows are thirty inches

above floor level and extend to within twenty inches of the
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ceiling: 'They are spaced approximately thirty-four inches
apart on the west side and four feet on the south sidé.

This shop has semi~indlrect lighting with each
luminaire containing 300 watt bulbs. There are fifteen
Juminaires in the maln shop area and storage spaces suanr”
péﬂdﬁd twenty~gseven inches from the ceiling. The distanﬁé;;
from the luminaires to the top of the benches is seven feet,
lhere are three rows of luminaires with four lumens iﬁ‘éa&h
rov équally spaced from each other and from each side wall
and from cach end. | ;

‘,The walls, irim, and wainsccating of this room ara,ifm
painted a‘lighﬁ green. The celling is painted whitey dao?al
and door Iaéings‘are of light cak fipishy all benches have |
green bases witﬁ gray tops, and the cabinets within tﬁ& sh§p
are alsé painted gray; the floor is a dark concrete. :

Figure 7 sets forth the ¥W. C. Stripling woodwork éndéz
metal shop. Thig shoproom ig located on the west side of the
main building in the basement. The room is twenty~tmff¢ef .
wide and sixty~eight feel long and has a celling helght fo
sleven feet. |

This room 1s uni-lateral as natural iight can come into
the roqmrfram only one directlion. There are ten large win=
dows eﬁ ihe west side of the room and these give a total of
270 square feet of glass area for natural light to enter 1@»

to the room. The windows are forty inches from flocr level
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and extend within six inches of the ceiling. The windows
are double and between them is a distance of twenty-eight
inches except between the partition 4t the north srnd of the
room where the distance is foriy~elight inches.

There are seven direct incandescent llights in the main
shop area and two éirect incandescent lights in the storage
and finish roonm, each containlng one 200 watt bulb. These
are suspended twelve ingches from the ¢elling and are seven
feet, four inches from the top of the work benches. From
the south wall of the shop the lumlnaires are seven feet,
siz inches and from there on they are spaced aprr oximately
eighteen feet from each other, The luminalres are only six
feet from esch side wall,

The walls and ceiling of this room are finished in
light ivory, and the trim and doors are finished in light
cak. Five of the woodwork benches are finlshed with green
bases and gray tops and five of them are finished in natural
color which is light oak. The metal benches are painted
yith a green base and gray top.

Figure 8 represents the drawing and electrical room
at the W, £, Stripling School which is located in the base=
ment on the east side of the main bullding. This rcom is
twenty- twe feet wide and thirty-eight feel long with a
celling height of eleven feet,
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This room also has uni-lateral lighting as the natural
light comes Iin from oaly one direction. There i1s only 105
square feel of glass area in the rcom. The windows are forty~
two Inches from the floor level and extend to within six
inches of the ceiling. The windowsg are in pairs and are
spaced approximately fwenty-eight inches apart; however,
there is a distance of sixty inches between the twc palrs
of windows. From the last palr of windows to the north wall
there is a dark area of sleven feet. In the room there arve
only six dlrect incandescent luminaired, each contalning
one 200 watt bulb. Thesge luminalres hang twelve inches from
the celling and are seven fect, eight inches from the top
cf the draewing tables.

The walls and the eeiling are painted white and the
trim, docrs, docr faclings and window casings are painted
dark oak. The base of the electrical tables are painted
green with gray tops and the drawing tables are dark walnut.

Flgure 9 shows the woodwork and metal shops of the J.P.
Llder Junior High Scheol. These are adjoining rooms and
are twenty-twe feet wide by eightx%eight feet in length

with a ceiling helght of twelve feelt. The rvoms are located

o

n the north side of the main bHuilding and in the basement.
These rooms also have uni-lateral lighting, as natural
light can enter from only one direction. There are eleven

windows in the two rooms which give a totel of 342 square
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feet of glass area. The windows are forty inches above
flosr level and extend to within slx Inches of the ceil-
ing. In the wood work shop the windows are gpaced in two
places five feet apart, but in the metal shop only cne
space 1g five feet between the windows. Other windows are
spaced only twenty-four inches apart.

In each of the shops fthere zre six luminalres each
containing ons 8CC watt bulb. These lights are gugpended
twelve inches from the ceiling and are eight feet,; four
inches from beneh top level. The ldghts arc gpaced approxie
mately eight feet apart and five feet, six Inches fron
each side wall.

The color scheme consists of light ivory walls, white
ceiling, and green storage cabinets. The base of the furé
niture in the metal shop 13 painted zreen and the ltops are
painted gray. The furniture in the woodwork shop is all
finished in natural Tinish of 1izht oak.

Figure 10 describes the Riverside Jundor High School
woodwork and drawlng room. This is also a new junior high
shop and hag heen in operation only since school opened in
the fall of 1950,

The wocdwork and drawving dervariment of the Riverslde
Junior High School shop is located in the extreme south
part of the maln building in a room forty~two feet long and

thirty~-four feet wids with a ceiling height of fifteen feet.
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There are twelve large windows forty-four Inches wide
2ipht Tzet high in this shoproon. Tizht of these win~

dows are located on the south side of the rcom and four of
them are located on the esst end of the room. This givesg a
total of 352 gonare feet of glass srea for natural light.
The windowg are fifty-twe inches abnove floor level and
forty-elght inches below the celling.

Three rows of lights, consisting of four luminalres in
cach row, run the length of the rcem, These are approxie
nately eight feet apart and eight feet from each side wall
and they are also eight feet from each end of the room,

The luminaires hang twenty~elight inches frem the ceiling

and are of indirect tvpe, The luminaires are thirieen feet
from flcce level and ten feet, nine inches from the top of

the work benches and machine level,

The wainscoating is of red brick te a helght of fiftye
two ineches, The walls from the wainscoating vp are painted
a very iight green, while the ceiling is of a light grayish
color. The base of the furniture is painted 3 dark green
with the exception of the tops, which are finished in
natural maple. The equipment is of dynamic design.

Meoure 11 presents the Riverside Junior High School
metal shop which is located in the extreme south part of

the main building and adjoins the weodwork anc drawing room

O

n the west, This room is forty-twe feet long and thirty-four
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feet wide with a ceiling height of fifteen feet. There
are w&lm large windows forty-four inches wide and s&!.gh%
feet high in this shoproom. Eight of these windows sre
lccated on the scuth aside of the room and four of tm ;
are located on the east end of the room, giving » %:ata}; taf :
332 square feet of glass area for natoral 1llght. The mn»
dowg sre fifty~two inches above flmx level and fertymigh%
imzm below the ceiling, i
Three W Qf iights, consigting of four 1@1%&:% m

e are appmi«a
m’b&ly ﬂight feet apart, elight feet from sach side %Ely -
and also eight feet from each end of the room. The lumi~
mms are auamnﬁeﬂ twenty-eight inches from the mim -
and are of indiveet type. The luminaires are thirteen ﬁw& -
from floor level and ten feet, nine inches from the top of
the work %mr;ms and wachine level.

The wainsﬂgatmg is of red brick to & height mf fif‘kyb,
two imbes. The walla from the wainscoating up are ;:amm ;
a very light greenj the ceiling 1s of a light grayish

mh mw, run the length of the room. Thes

wmr. The bases of metal work benches are painted greag‘ |
and the tops are painted gray. The equipment is of dynamie
design. :
Figure: 12 represents the woodwork shop of the Paschal
High School which 18 located in the basement of the main
building in the sountheast corner of the building. The room
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is thirty-three feet wide and eighty feet long, with ai
ceiling height of twelve feet.

This shoproom is bi-laterally lighted as natural
light comes in from the east and west. There are five
large windows on the east and three large windows on thé"f
south, giving a total of 432 square feet of giass araé;iﬁH ’
the rooms The height of the windows from floor level is
féﬂr'feet‘and they extend to within twelve inches of ﬁhe,fa
ceiling. Tﬁer&'is ne space between the windows axnept’matai
framing which sap&rates ihe ?l&géﬁSe Appraximatsly‘ﬁwéﬁtfé 
five feet af the north end of the shop has no windows at
all; appraximately twelve feet at the south end of the ;y
shop on the east side and also the south end of the shep.%?
have no windows. Much of the natural light entering the .
shop in fhe;éfterna@n comes form the sauth,'h@nce,the;narth
end of the shop has to depend entirely upon arﬁifieiaifv -
light, | "

There are three rows of fluorescent lights that run .
the entire length of the shop. There are two forty watt
tubes to each luminaire which are suspended from the eeil~
ing forty«twa incheg and are five feet from the tops af |
the benehe&. | |

At the~time-the measuring readings were belng taken
th& shop was being redecorated and all inside trim, walls,

and the ceiling were being painted & very light shade of
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greens The furniture was painted a focal green on the
bagses with the tops finished as natural maple.

Flgure 13vshﬁw9 the metal shop at the Paschal High
School, This shop is located on the southwest corner of
the main building slightly under ground level in a roOR
twenty~two feet and sizty-eight feet wide and long, rPES™
pecﬁivaiy, with a twelve~foot celling.

. On the south side of the room are nine large windows,
and on the west end is one large window. The winﬂaws-ara.-f.
forty-sfix inches from the floor level and extend %o within
twelve inches of the ceiling, giving a total glasa,ar@a«of.
286 sguare feet, There is no spacing betwwen the windows
except the metal frames which hold the glass. Approximately
fifteen feet from the west end of the room and the same
distance on thﬁ'wﬁst end of the room the glass area stops.

There are sixteen, two-tube, forty-watt fluaregnéﬂt‘
luminaires located in the room. These hang from the ceil~
ing three feet, six Iinches and are six feet from the beneh
top level, five feet, six inches from machine level., Thesd
lights are not necded very much except on cloudy daysib@*"
cause quite a bit of natural light is available et all
times of the day.

This sheproom has been redecorated and is very simila§
to the finish that was being applied to the woodworking shép.
The work benches all have green bases with gray topﬁ.'f" '
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Figure 14 represents the drafting room at Paschal
High School., This room 1s located on the south side of the
main building and slightly under ground level., The room is
twenty-two feet wide by forty~sight feet long and has a
ceiling helght of twelve feet, eight inches,

The south side of the room is completely Tilled with
windows except for one space of five feet in the center of
the wall. These windows are thé%ﬁy~eight inches from floor
level and extend to within twelve inches of the ceiling.
There is a total of 277 square feet of glass area, and
through this area mmeh natural light can enter,

There are thirteen direct fluorescent two-tube, forty
watt luminaires in the room. These are suspended thirty-
$ix inches from the ceiling and six feet from the tops of
the drafting tables. (There ig also one row of luminaires
across the front of the room,)

The wainscoating in this room is painted a dark ivorys
the walls and ceiling are painted white and the woodwork
is stained a light osk., The drafting tables are finished
in light oak, natural goler with light finished maple
tops.

Figure 15 shows the Northside High School metal shop
which is located in the northeast corner of the mailn build-
ing. This room is thirty feet wide by forty feet long and
has a fourteen~foct ceiling egeept in the southwest end of
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the room where a balcony drops to within seven feet of
the floor. This extends out intoc the room ten feet,

There are six large windows on the northwest side @2
the bullding and two small windows in the northeast end of
the room. This gives a total of 250 sguare feel of glass
area in the room. lhe windows on the northwest are forty-
two inches from floor level and extend to within twenty-
four inches of the ceiling. The small windows are seven feet
from flcor level and extend to within twenty-four inches of
the celling.

There are four direct incandescent luminaires in the
room and two luminaires under the balcony. Three luuwinaires
in the main working afea contain one 500 watt lumen each. |
The lumens under the balecony are 200 watt. These luminailres
suspend from the ceiling approximately twenty~four iaches
and are nine feeﬁ from the tops of the work benches.

The walinscoating in the metal shop 1ls a light green,
and the walls and celling are white. The work benches have
a focal green base witlh gray tops, and the cabinets are
painted a combination of thatl color.

Figure 16 shows the woodwork shop of the Northside High
School. 1his rocm is located in the northwest corner afﬂ
the main bullding slightly under ground level. The room
is twenty-seven feet wide by forty-four feet long and has

a ceiling height of fourteen feet,
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There are six large windows on the north and three
windows on the west, giving a total glass area of 228
square feet in the room for natural light. The windows on
the north are forty inches from flcor level; the windows
cn the west are five Teet from floor level, and all of
them extend to within eighteen inches of the ceiling.

The room has four direet incandescent luminaires in
the main working area and two direct incandescent lumi-
naires under the balcony. The luminaires in the main worke
ing ares contain one 50C watt lumen each and the lumens
under the balcony are 200 watt. The luminaires in the work~
ing area Bang twenty-four inches from the celling and are
nine feet, four inches from the tops of the benches and
machines. |

The eolor design of the room 1l identical with that
of the meizl shop.

Figure 17 represents the drafting room in the North
side High School. This room is located on the second floor
of the west slide of the maln bullding and is twenty~twe
feet wide by thirty feet long with a ceiling height of
twelve feet.

There are three pairs of double windows in the west
side of the room which gives the room uni-lateral light~
ing. The double windows are spaced thirty inches apart

and are thirty inches from floor level. They extend to
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within nine inches of the ceiling and give a total of
170 square feet of glass area for the room.

There are two continuous rows of fluorescent lumi%k"
naires in the room. They are located at ceiling 1&?@1:;"7
and are seven fe&t, four inches above the tops of thel
dpafting tables, '

The color design of the room is as follows: wain§% f-9
eﬁatiﬁg§ pale g#een; walls, light.green; ceiling, whites
tfiﬁg decr"éoér facing and window casings, fumed ocaky =~

drafting tables and tops and cabinets, light maple finish.;:
The floor 1s finished in a light natural coler, gt

Figure 18 represents the industrial arts/shapé of
the Polytechnical High School. These shops are located
in the corner of the main building. The size of the shop-
rooms are as follows: drafting room, eighteen feet wiéevbéj
forty-eight feet long; metal shop, thirty~four feet wide
by forty-eight feet long. The ceiling height of all rooms
is fifteen feet except in the woodwork shop where a bal~
cony drops to within seven feet of the floor in the dast
end of the room for approximately fifteen feet,

in the drafting room there are six north windows and
two west windows. These windows are forty-eight inches from
floor level and extend to within twelve inches of the ceil-
ing, giving a total of 170 square feet of glass area in

the roonm.
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In the metal ghop there are three west windows and
three large south windows. These windows are four feet from
floor level and extend to within twelve inches of the celling.
There 1s a total of 270 sguare feet of glass area in this |
room.

These shops are eguipped with direet and indirect in-
candescent luminaires. In the metal shop there are also
three short rowsycf'éireet fluorescent luminaires. ?hé fluo=
rescentvluminaires in the metal shop hang saven feet from
the ceiling. The incandescent luminaires in the shops are
suspended from twelve to thirty inches from the celling. In
the drafting room the luminaires are eight feet, six inches
from the drafting table tops, and in the wood shop they are
ten feet, ten inches from the work bench tops. Under fifteen
square feet of balcony space in wood shop there are only two
incandescent luminaires; eﬁe of these is in the room used
for an office.

The célar design that has been mentioned in the other
schools is also used in this school exeept in the woodushope
In place of wainscoating there is red brick, and the walls
are of cream brick.

Figure 19 represents the woodwork and metal shop in the
Riverside High School. Ihis shoproom is forty feet wide by
forty-nine feet long and has a ceiling height of thirteen
feet. This room is an annex to the main building and is on

the ground floor.
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This shoproom has multl«lateral lighting because naﬁuéhl
light can enter from three different sides. At the south éﬂg
of the building there are three large windows; at tha,eéstt
end there are three pairs of double windows which ara'spa@éﬁ'
twenty~eight inches apart. On the north end of the hﬁilaiﬁg
there are seven windows, six of them being spaced twentyuféﬁr
inches apart. The windows are forty-two inches from the floor
level and extend to within twentyéfanr inches of the ceiling.
Ihepe is a total of 375 square feet of glass area in the
room, o

The room haggfifteen direct incandescent luminaires, each
containing one 300 watt bulb and suspended from the cailing?
thirty inches. The luminaires are eight feet from the‘hemﬁh;
top level and seven feet, six inches from machine top level,
The luminaires in the finishing room are suspendsed from the
ceiling approximately six feet to glve hetter light for
finishing nurposes.

The eolor design is as follows: wainscoating, light
green; walls, ivory; ceiling, light grayp cabinets, doors,
door facings, and window facings, light greenj benches, bases
green with gray tops; and floor, dark concrete.

Figure 20 represents the drafting room in the Riverside
High School. This room 1s located in the east side of the
north wing of the main building. The room is twenty-four feet
wide by thirty-four feet long and has a ceiling helght of

eleven feet,
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Four large windows spaced eighteen inches apart are on
the east side of the room. This gives a total of 140 square
feet of glass area in the room. The windows are thirty-six
inches above floor level and extend to within twelve inches
of the ceiling.

There are six indirect incandescent luminaires in the
room, each containing one 300 watt lumen. These luminaires
are suspended from the celiling twelve inches, giving a dis-
tance of six feet, eight inches between them and the draft~
ing table tops.

The color design of the room is as follows: walls,
cream; ceiling, light ivory; doors, windows, and trim, light
walnmuti furniture, tables and table tops, light maple finlishjy
and floor, natural finished pine.

Figure 21 presents the Diamond Hill Junlor and Senior
High Sechool general shop which is located in the southwest
corher of the main building. It is twenty-one feet wide and
fifty feet long with a ceiling height of nine feet, six
inches.

This shoproom has bi~lateral lighting as natural light
can come in from two directions. There are ten windows on
the west side of the shop and three windows in the south end
of the shop. The windows are spaced twenty-eight inches
apart except in one area where the spacing is seven feel,

three inches long. The total amount of glass area in the room
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$s 230 square feet. The windows are forty-two inches from
floor level and extend to within six inches of the ceiling.

Eighteen direct fluorescent luminaires are loecated in
the room. Each luminaire contains two tubes of forty watts.
Une direet incandescent luminalire is loecated in the finish
room, These luminaires are suspended fifteen inches from the
eceiling and are five feet, seven inches from the top of the
work benches,

The color design of the room is as follows: walnscoat-
ing, focal green; walls, light ivory, ceiling, white; trim,
doors, door facings and window casing, dark walnmutj cabinets,
and bases of furniture, green, tops of work benches, finished
in natural color of light cak. The floor is of pine and is
finished 1n a light color.

Figure 22 shows the wood and metal shop of the Arlington
Heights High School. Zhis room is located in the southwest
corner of the main bullding in a room thirty~two feet wide
‘and forty-one feet long with a twelve-foot ceiling.

Natural light can enter the room from two directions és
there are five large windows on the south and five large ones
on the west, There 1s a total of 220 square feet of glasgs
area. The windows are thirty-two inches above the floor ‘
legel and extend to within eighteen inches of the celling.

There are eight direet incandescent luminaires and three
direct fluorescent luminaires in the main shop area. The in-

candescent luminaires are suspended iwelve inches from the
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celling and the fluorescent luminaires are suspended thirty-
two inches from the ceiling. Bach of the incandaéeent‘luﬁi
minaires contains one 500 watt bulb and the fluorescent
lumens are forty watis each, There are five incandescent
lights loeated in the storage, tool and finishing rooms.

- The color dealign of the ghoproom is as follows: wains~
coating, light green; walls, light ivory; ceiling, light
ivory; doors and trim, light green; bases of work benches
and tables and cabinets, greenj top of work benches and tables,
gray.

‘Plgure 23 represents the drafting room of the Arlingiton
Heights High School. ‘he room is an annex to the main build-
ing and is situated on the south side of the main building.
It is twenty-two feet wide,aﬁd thirty feet long with a ceil-
ing height of ten feet, six inches.

There are four large windows in the west side of the
room giving a total of 100;square feet of glass area. The
windows are forty inches aéave flcor level and extend to with-
in twelve inches of the ceiling. The windows are spaced
thirty inches apart with thirty-six inches of space petween
the first and last window and the end walls. N

There are two econtinuous rows of fluorescent Iumiﬁaires
in the room. “he luminaires are flush with ceiling. here
is a space of six feet, two inches from the top of the draft-

ing tables to the luminaires.



58

The color design of this room 1s as follows: walls,
light green; ceiling, whitej door, trim and window casings,
rubbed dark green; drafting tables and tops, light maple
finish; floor, variegated tile.

Figure 24 represents the Handley High School peneral
shoproom which ls located in the south side of the main
building and is twenty-four feet wide by seventy-five fest

long with a eeilingnggght of fourteen feet.

There are fifteén windows in the room spaced twelve inches
apart with the exceplion of two places where the spaces are
8ix feet. The windows are forty-four inches from {loor level
and extend to within eight inches of the ceiling, There is
a total of 280 square feet of glass area in the room.

This room has a peculiar arrangement of Lﬁghting. There
are twenty-two luminaires in the working area; Eight of the
luminaires are on the south side of the room and sixteen of
them are on the north side of the room. These luminaires are
spacaed three feet apart., 8ix of the luminaires are suspended
from the ceiling thirty inches; the remaining luminaires
hang eight inches from the ceiling. ‘he floor plan of this
room will have to be referred to in order to understand the
arrangement.

The color design of the room is as follows: wainscoating,
light gray; walls, light ivory; ceiling, light grayp doors and
trim, dark walnut; benches, tables, and cabinets, green with
gray tops.
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in all of the woodwork and meial shops all of the
machines and equipment are painted a dynamic design as recou-
mended by the Pittsburg Paint Company. The dynamic color de=-
8ign is as follows: Dbases of tables and work benchesg are
painted green; tops of ftables and work benches are painted
gray; bases of machines are painted greeny all movable parts
of the machines are palnted yellow; all stationary parts such
as tailstocks on the lathes are painted a light cream, and
the vises are painted black, The painting of tcols and tool-
boards is left to the shop instructors,



CHAPIER IV
ANALYSIS OF THE DATA

Data for this chapter were obtained by visiting each
school and taking readings of both natural and artificial
light, 4 check sheet was also used. The following informa-
tion was used on the check sheet to gather the information
needed:

Location of rooms used for shop purposes

8ize of rooms used for shop purposes

Color design of room, including color of walls, ceil=-
ing equipment, furniture, and floors

Type of artifieial Illumination used in roonm

The number of luminaires in rooms used for shop pur~
poses

The distance the lumineires were suspended from the
celling

The height of the luminaires from floor level, bench top
level and machine level

The number of windows in each room used for shop pur=
poses

The size of the windows in the room

The amount of glass area in each room used for shop pur-~
poses

60
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The readings of natural light in the room near the wine-
dows in the center of the room and furthest from windows

The readings of aritificial light in the back, in the
center, and on each side of the room.

This information was needed in order to discover if
the industrial arts shops in the Fort Worth publie school
system came within range of the recommended practices set up
by the Illuminating Engineering Society and other school
planning boards, and to find out if the present situations
found in the shoprooms are efficient enough for the students
to do their work without eye strain, eye fatigue, or other
health injuries. |

In 1945 a program was begun to correct the artificial
lighting in the industrial arts shops of the Fort Worth
schools. The Ernest Parker Junior High School shop, which
is fifty-six feet long and twenty-seven feet wide, was used
as an experimental area. At that time twenty-two, two-tube,
direct type, fluorescent luminaires were suspended thirty
inches from the ceiling and nine feet, six inches from the
floor level., The walls and celiling were painted a light
ivory instead of dull green as they had been formerly. The
ceiling was painted white, in accordance with the recommenda~
tions of different school planning boards.

The Texas Fleetric Service Company made several reade-

ings of this room in a peried of three months to deternine
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if other recommendations should be made or if additional
lighting should be added. Thelr checks were made on clesar
days in the morning, on clear days in the evening, on cloudy
days and on parily-cloudy days. At the end of their test
period of three months the resnlt showed that there was
minimum operating foot-candles of general illumination of
31.3 which was sufficient and no further recommendation
would be made,.

The Diamond Hill general shop was the next to be changed
from incandescent lighting to fluorescent and then came the
Paschal High School shops. At the present time, with the exe
ception of the drawing rooms of Northside High Schood and
Arlington Helghts High School, and a few installations of
the fluorescent type of 1llumination in the Polytechnic High
School metal shop, the remainder of the schools still have‘
incandescent lighting. o

Table 1 presents the schools with a minimum amount of -
operating foot-candles of general illumination. -

Five of these schools have fluorescent lighting; thalyé
other shops still have incandescent lighting, but are :
situated in such locations that natural light is available -
plentifully at‘ail times of the day. There a few dark
places in the shops at all times of the day and most of
the shops uge artifielal illumination in these areas during

class periods.
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TABLE 1

SCHOOLS WITH A& MINIMUM AMCUNT OF OPERATING FOOT-CANDLES
OF GENERAL ILLUMINATION ON THE WORK

Schools Minimum operating foot-candles .
of general illumination on :
work level

E@hast Parker Junior High. .
Résemont Junior High . . . .
HMeadowbrook Junior High . .
Dismond Hill Benior High . .
Riverside Junior High Wood 8hop
Piverside Junjor High Metal Shop .
William James Junior High Wood Shop
William James Junior High Metal Shop
We Co Stripling Wood B8hop « « ¢ » «
Handley General ShOD « « « o+ + @
J. P, Elder Junior High Wood Shop . .
Je P. Elder Junior High Metal Shop .
MeLean Junior High General Shop « « + «
Paschal High School Metal Shop .+ « « &
Paschal High School Drafting Room .
Rorthside High School Drafting Hoom
Horthside High School Wood 8hop «
Horthside High School Metal Shop . .
Pelytechnic High School Drafting Heoom.
Polytechnic High School Wood Shop. . .
Polytechnic High Bchool Metal Shop « « »
Riverside High School Wood and H&tal ﬁhﬂp
Arlington Belghts High School Shop + « » «
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Taﬁl& 2 reveals the schools which do not meet recom- ‘*
mended practices as set up by the I1lluminating Eagineering g
Society in their revised addition of 1947.

wWith the exeeption of Paschal High School Weod Shop
which has fluorescent lighting, these shops have inean;
descent lighting and are located in such positions where
natural light 1ls not available except near the windows at

all times of the day. These shops may have plenty of
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natural light in the mornings but in the afternoons arti-
ficial light hss to be depended upon entirely; or, there
may be plenty of natural light in the afternoons but in the
mornings artificial light has to bhe depended upon entirely.

TABLE 2
SCHOOLS NOT REACHING RECOMMENDED PRACTICES SET UP BY
THE ILLUMINATION ENGINEERING SOCIETY IN 1947

Schoals Minimum operating feat~c&nﬁ1&s
of general illuminationga
work level

Riverside High School Drafting Room., . « « &+ « » 27
We Co Stripling Drafting ROOM .+ o ¢ « « » « » » 13
D&gg@tt Junior High . % e s @ * s & s & = & & # 23

Paschal High School Wood Bhop .+ + v ¢ ¢« o « ¢« « 23

The amount of natural light coming into the room de=~
pends upon the number of windows in the room and upon the
location of these windows. Mulllons and plers between
windows should be narrow in order to prevent the caslting
of shadows npon the working areas.

Table 3 presents the number of shops in the Fort Worth
public school system which have uni-lateral lighting.

Ihis group of schools represents the uni-lateral type
of natural lighting. They range from four windows to fif-
teen windows in which natural light can act as a source of
lighting.
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TABLE 3

SHOPROCHS IN THE FORT WORIH SCHOCL SYSTEM

HAVING UNI~LATERAL LIGHTING

Seheels e

‘ Leeatian'k

Wumber of

Type‘af ! .
shops ~ windows -

3. P. Elder Woecd shop Torth 5
J. P+ Elder Metal ™ Horth 5

William James Wood % Fast g5
William James Metal ™ Pasgt L
w,vC,QStripliagi; Ceneral " West 8
Handley General ¥ South 15

irlington Hts. |  Drafting | .

| room West Ly
Northside Drafting o |
‘ roCm West 6

Riverside Drafting - |

room East Lo
Faschal Drafting , fk
i Tocm South 11

Fﬁlytéchnie, “Wood shop West 6

The  group of schools and the number or sheprooms in
thc Fort Worth public qcho&l system having a bi—lateral type
of lighting are shown in Table % which follows on page 66 of

this study.
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TABLE 4

IN THE FORT WORTH CYOTEM
HAVIRG BI~LATERAL LIGHIING

;

School Type of | Location | Kumber | ILocation] Number
shop of wine- of win-
dows dows
Parker General West 8 South e
Biamohﬁ
Hiil General West g South 3
Daggett Generalr West 2 Horth
Meadow~
brook General West 5 South 2
River-
side Wood East [ Scuth 8
River=- , '
side Metal West L South | 8
Arling=
ton His, Wood &

) - metal West 5 South 6
Northside Wood west 3 North 6
Forthside | Metal North 6 East 3
Paschal Wood East 8 South 3
Paschal Metal South 8 West i
Polytech~ Draft-

nic ing Horth é West 2
Folytech~ | : ~
nie Metal West 3 South 3




67

The windows of these shops are not located on op-
posite sides of the rooms but on one side and on one end of
each room, gﬁcoréing to some specialists in the field of
lighting, ﬁhis type of room ig classified as bi-lateral.

Table 5 sets forth the number of school shops in the

Port Worth system with multi-lateral lighting.

TABLE 5

NUMBER OF SHOPROOMS WITH MULTI-LATERAL LIGHTING
‘ I¥ THE ¥ORT WORTH SYSTEM

School | Type of | Loca~ | ¥um~ Loca=-| Wum~- | Loca- | Nume
shop tion | ber tion | ber tion ber
of of of
win- win= wine
dows dows qows
Reée-
mont General| South| 3 Fast 6 North 6
River- | Wood &
side Metal South East 6 Horth 6
Mclean | General!| North 7 Wesi Last
i

The natural light that enters a room from three dif-

ferent sides of the room classifies these schocls as having
mulii-lateral lighting.

Shades that are raised and lowered from the center of
the windows are used in almost all of the shops, especlally

1T they are located where extreme brighiness is found to



exist. There are some shops which do not have shades at
all but a diffusing type of glass is used that reflects a
great amount of the sunlight and keeps down glare.
ILight-colored surfaces are found in most of the shop
rooms. The color scheme found in the majority of the shops
consists of a dark ivory wainsceoating, with light ivory
walls and white ceilings. There are some shops that have a
light green walnscoating, light ivory walls, and white ceil-
ingss while other shops have a light pale green wall Trom
the floor up to the eceiling znd a light ceiling. This color
scheme is found in the Rosement Junlor High School shop, the
Paschal woodwork shop, and the Arlington Helghts drafting
room. These colors are not accepted by the Illuminating En-
gineering Society because they seem to be more of a drawing
card rather than a place with good lighting. Light colors
are of particular value in providing a high utilization of
light because it reflects a large part of it toward the wnr%ﬁ?
ing area. The celling should reflect at least 75 per cent
of the light which strikes it, and the walls should reflect
from 50 to 60 per cent of the light which strike them. Walls
should be tinted a darker color than ceilings bhecause very
light walls at the line of vision or below eye level cause

annoying brightness.



CHAPTER V
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Summary

During the last five years there has been a program
unﬂarkay to change the lighting systems in the industrial
arts shops of the Fort Worth public schools in order to
meet the practices set up by the different school planning
boards. Many of the shops have already been changed from a
poor type of incandescent llghting to a higher type of in-
candescent lighting or to fluorescent lighting.

Also included in the program of improvement is the re-
decoration of the shoprooms and drafting rooms so that worke
ing conditions may be better. The redecoration program |
not only included the painting « the walls and ceilings of
the seventeen shops included in this study, but it alse in-
cluded the refinishing and painting of the furniture, cabi-
nets, and machines in a dynamic scheme set up by the Pitts-
burg Paint Company. The dynamie¢ color scheme doces not harm
in any manner the reflection of the light, natural or arti-
ficial, neither does it cause glare in the working areas.
In many instances it keeps down glare, especially where
bench tops are in the direct sunlight and there are not any
shades to control this situation,

69
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Out of the seventeen schools checked in regard to the
lighting, only 4 per cent do not meet the recommended prac-
tices set up by the Illuminating Engineering Society in
1947 of from twenty-five to forty foot~candles per room of
general illumination for woodworking and me tal shops, and
from thirty to fifty foot-candles of general illumination
for drafting rooms. This is not a high per cent under the
conditions which exist in the shops, because the sizes of
the luminalres range from 200 watts to 500 watts throwing
from four to six lumens over a general area of six feet ia.
diameter in most of the shops.

The lack of good illumination exists more in the
finishing rooms and store rooms. Very few of these roonms
ha¥%e natural light coming into them and artificial 1llumi-~
nation has to be depended upon entirely.

Most of the mschines in the shops sre situated in areas
where natural light is avallable at all times of the day.

In the majority of the shops natural light can be controllied
by shades on the windows if 1t is causing glare. This causes
more dark areas to be in the shops, but due to the loca=-
tion of the rooms, this can not be corrected and calls for
more artificial lighting tc be used.

Each ingtruetor in the shops stated that artificial
lighting was used, regardless of the type of weather, dur-

ing each class pericd becsuse there was not enough natural
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light in the room to perform the tasks., Some ingtruetors

5

used artificial lighting only in areas where tf;%darker
areas exist; others state they have to use artificlal light
at all times in order to have an adequate amount of illumi-

nation.

Conclusions

The industrial arts shops of the Fort Worth school
system, even though the majority of tham‘do have a minimunm
amount of foot-candle of general illumination, have to de~-
pend upen,artificial lighting too much of the time that they
are in operation. The lack of sufficient glass area avail~
able in each shop, and the locatién of the shops where sun-
light is absent most of the day are the causes of artifigial
light being the main source of illumination.

There are several of the shapreamsﬂthat have too few
luminaires for the amount of space that is to be covered by
the artificial light for it to do much good. The bulb
wattage in the shops is too small.ta meet the demand of ar=-
tificial light that has to be used in dark areas of the
shops, especlially on cloudy days. 7

Even though much has been done in the last five years
to remedy the poor illumination that has existed and still
exists in some shops, the program has been too slow, and
several of the shops are lagging in good workmanship. Fot
enough stress has been laid on this program to make the
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shops a safe place at all times of the day soc that the besat
type of work can be carried on unless extra artificial light-

ing 1s used.

Recommendations

From the information revealed by the data secured, and
the conclusions made, the findings of this study seem to
justify the following recommendationst

1. That more stress be placed upon more and better ar-
tificial lighting installatlons,

2. That the luminaires should be placed nearer the
working plane if the shop 1s haﬁing to depend upon artificial
lighting,

3+ That wattage be increased from 200 watts to 500
watts or more in all shops using incandescent lighting,

L, That larger amounts of glass areas be provided in
new shops to be built or remodeled in the future,

5. That shrubbery should be removed from close range of
the shops or kept trimmed to the extent that it will not ine

terfere with any natural light that is to enter the shops.



APPENDIX
Check Sheet for Woodwork or General Shops

Name of school

Location of room used for shop

Basement

Ground floor,

Separate building

Bhape and Sige of Room Used for Shop

Rectangular _ ____ ’ . Width__ Length _
Irregular rectangular Width ength
Square_ A _ Width Length »

Ceiling height of shoproonm

Color Design of Shoproom

Wainscoating . } Bouipment
Walls , Furniture
Ceiling - .  Cabinets
Trim - Window Trim
Doors Floor

Type of Illumination in Shoproom

Incandescent Fluorescent

Direct Direct
Indirect Indirect
Semi-direct . ‘ Seml~direct

73
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Semi~indirect Semi-indirect

Fumber of luminaires in shoprocm

Distance suspended from celling
Height of Iaminalres

From floor level_

From bench top level

From machine level

Location of Lights and Windows in Shoproom
(Use back of page of diagramming.)
Number of Windows in the Shoproom

North South,

East Yest

Helght of windows from floor level

S8ize of windows in shoproom

Distance of %top header of windows from ceiling

Amount of space between windows

Amount of glass area in shoproom

Amount of Natural Light in Shoproom

Near windovw at front of room

Hear window at cenfer of roonm

Near window at back of rocem

Center of room Farthest from source of natural
light

Front center Front of room

Center of room Center of room

Back center of room Back of roonm
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Amount of Artificial Light in Shoproonm

411 shades doun Lights on

Right side of room

Front of room

No shades

Lights on

Center of room

Back of room

Center of room

Pront of room

Center of room

Baek of room

left side of room

Feront of roonm

Center of room

Back of room
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Check Sheet for Metal Shops

Name of sgchool

Location of room used for metal shop

Bagement

Ground floor

Separate building

Shape and Bize of Room Used for Metal Shop

Rectangular __Width Length
Irregular rectangular Width Length
Square — #idth Length

Ceiling height of metal shop

Color Design of Metal Shop

Wainscoating Equipment
Walls ‘ Furniture
Celling Cabinets
Trim Window trim
Doors Floor

Type of Illumination in Metal Shop

Incandescent Fluorescent
Direct _ Direct
Indirect Indirect
Semi~direct Semi-direct

Bemi~indirect Semi-ingirect
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Number of luminaires in metal shop

Distance suspended from celling
Height of Taminaires

From floor level

From bench top level

Fprom machine level

Location of Lights and Windows in Metal Shop
(Use back of page for diagramming.)
Fumber of Windows in Metal 8hop
North______ South East West

Belght of windows from floor level

3ize of windows in metal shop

Distance of top headers of windows from the celling

drmount of space between windows

Amount of glass area in metal shop

Amount of Watural Light in Metal Shop

Near window at front of room

Near window at ceunter of room

Rear window at back of room

Center of roonm

Front center , Farthest from source of natural
light

Center of room Front of room

Back center of room Center of room

Back of room
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Amount of Artificial Light in Metal Shop

All shades down___ lights on___No shades, Lights on

Bight side of room

Pront of room

Center of room

Back of rocom

Center of roonm

Front of room

Center of room

Back of room

left side of room

Front of room

Center of room

Back of roonm
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Check SBheet for Drefiting Room

Name of school

Location of drafting room

Basement Separate bullding

Ground floor Third floor

Second ficor

Shape and S8ize of Drafting Room

Sguare Width Length

Rectangular _Width Length

Irregular rectangular Width Iength

Ceiling height of drafting room

Color Design of Drafting Room

Wainscoating Furniture
Walls ‘ Cabinets,_
Ceiling , Window trim
Irim 7 o Floor

Doors,

Type of Illumination in Drafting Room

Incandescent Flucorescent
Direct Direct
Indirect Indirect
Semi-direct____ Semi-~divect

Semi-indirect Semi~indirect
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Number of luminaires in drafting room

Distance suspended from celiling

Height of luminaires

From floor level

From tops of drafting tahles
Iocation of Lights and windows in Drafting Room
{Use back of page for dlagramming.)

Height of windows from floor level

Rumber of Windows in Drafiing Room
North South Bast, Hest

Size of windows in drafting room

Distance of top headers of windows from celling

Amount of space between windows

amount of glass area in drafiing room

Amount of Fatural Light ln Drafting Room

Hear window gt front of room

Near window at center of room

Bear window at back of room

Center of room Farthest from source of datural
light - :

Front center Pront of room

Center of room Center of room

Back of reom Back of room
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Amount of Artificial Light in Drafting Room
All shades down Iights on No shades Lights on

Right side of room

Front of room

Center of room_

Back of room

Center of room

Front of roonm

Center of room

Back of room

Ieft side of room

front of room

Center of room

Back of room
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Fig. l.--Ernest Parker Junior High School General Shop
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