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Industrial Architecture in Concrete 
Bx, C A S S G I L B E R T 

IT may be taken as an axiom in concrete construc-
liuii that the simpler the form the bet­
ter the design. The nature of the material 

dictates the form of all its parts, and assuming that 
the purpose of the structure is kept in mind, as it 
should be. this purpose is necessarily expressed in 
very simple terms. 

I recall that Russell Stnrgis once said to me about 
terra cotta that it should be used as a "plastic" 
iiiaterial. that "it should be poured at the top of the 
building and allowed to run down until it covered 
the structure." and my answer was. ' ' i t won't 'pour' 
and it wim't run down; it is plastic only until it is 
burned : it has to be designed with that in view." 
Concrete is not a plastic material. I t is no more 
[)lasiic than cast iron, and less so than terra cotta. 
Generalizations are well enough for purposes of 
conversation, and serve to accent a wittv remark. 

but they are not a sure guide to the art of design 
in any of its myriad forms. 

Granite in its formative stages was a liquid ma­
terial, but no one will contend that it is so now, and 
whatever concrete may be in its initial stages, it cer­
tainly is not plastic when it becomes concrete. Con­
crete must therefore be treated in accordance with 
its own nature, and so treated it is a highly useful 
building material, with many yet undeveloped possi­
bilities in design. 

Many of the Roman domes and vaults of vast 
dimensions were of concrete of a son, and a pretty 
good sort at that, and surely few nobler, grander 
structures ha\e been erected by mati than these. 
Concrete in architecture depends upon the " f o r m " 
upon which, or into which, in its semi-li(|ui«l state 
it is poured. The Romans and Byzantines used 
brick and tile as well as lumber in constructiug these 
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Detail of Concrete Viaduct, United States A r m y Supply 
Base, Brooklyn 

"forms," hence curved surfaces such as domes and 
vaulting were of the very nature of their structural 
design. We use lumber, or occasionally sheet metal, 
for the "forms," and we have developed our con­
crete design accordingly. The ancients probably 
built empirically; we now, with greater knowledge 
of the strength of material, build scientifically. As 
we build with a primary view to low cost (a matter 
which concerned the ancients very little, as they had 
slave labor for their larger enterprises), we are 
forced to consider economy at every stage. Hence, 
as it is cheaper to build a lintel and a post than it is 
to build an arch and a pier, in proportion as it is 

cheaper to build in a straight line than in a curve, we 
follow the direction in which the finger of "eco­
nomy" points and build columns and girders and 
flat surfaces rather than those in complex curves. I t 
is cheaper because the "form"" costs less. Tlierefore 
the " f o r m " dominates the design, and economy has 
its innings. Still, is not this the problem that has 
had to be solved age after age as long as man has 
erected buildings, even though his work may have 
been done by slaves, a condition, by the way, which 
certainly does not exist today? The greater the 
difficulty, the greater the honor in surmounting it. 
I f concrete, after ful l trial, proves to be the economi­
cal material for u.se, it will in time be well designed. 
One thing we may be sure of , and that is that fo r 
the present at least the evidence before us points, 
toward simplicity as the basic principle of design in 
concrete, and that is a lesson much needed in this 
complex, restless age. Why not make simplicity, 
then, the keynote, and welcome it as a help and not 
an obstacle to good design ? Why attemjjt to adorn 
this simplicity with trinkets and gewgaws and pat­
terns and raw bits of colored tiles or panels of brick, 
or ficnitious corbels, cornices, capitals or other de­
tails culled from traditional architecture constructed 
of other materials? In short, the logic forbids 
such intnisions. 

There are great possibilities of texture in con­
crete, as yet untried, and texture is needed to dispel 
a barrenness of effect in broad surfaces. In stone 
masonry or in brickwork the joints alone would 
give a certain (juality of "texture" in the surface of 
a wall, but while there are no joints in concrete (ex­
cept those widely spaced for expansion) there is 
no reason why the texture of the surface may not 
be made beautiful. I t is not necessary to smear it 
with calcimine, as is so often done. I have seen a 
concrete bridge where the aggregate was of a trap-
rock or granite that gave a rich, warm color and a 
beautiful texture to the surface that could scarcely 
he rivaled by any other material. 

There is something very fine about a great gray 
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mass of building, all one color, all one tone, yet 
modified by the sunlight or shadow to pearly gray 
of wonderful delicacy. I t is the big simplicity of 
the thing that counts, and i f there may be projec­
tions for necessar>- fire towers or elevator shafts, 
or other salients, i f there may be low roof structures 
for tank houses or machinery, and i f the glass sur­
faces are kept in scale, there may be silhouette, and 
light and shade and shadow and reflected light that 
will make a picture not easily to be forgotten. Such 
effects may occasionally be seen in concrete in­
dustrial buildings. I t was this sort of thing I 
sought to achieve in the Anny Supply Base in 

Brooklyn, and these are among the considerations 
that dictated its design. I f it has in any respect 
been successful as a work of architecture (aside 
f rom its practical efficiency), i t is because of its 
manifest simplicity. 

I have emphasized the importance of simplicity of 
outline and surface, and have decried the use of 
extraneous ornament, especially in industrial liuild-
ings, as out of character with the direct and prac­
tical i)urpose of such structures. There is no rea­
son why concrete buildings for other purposes, with 
very simple outlines and broad surfaces, may not be 
richly adorned with color and inlays of mosaic 
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Detail of United States A r m y Supply Base, Showing Concrete Treatment 
Casa Gilbert. Architect 
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arabesques in bands or panels, and the reveals of 
the windows and the marginal lines of walls and 
openings all enriched in thi.s manner. I f the funda­
mental lines are simple and the surfaces such as are 
reasonable in concrete, the decoration may be as rich 
as you please, but i f you are wise you will use such 
liberty with great restraint. 

Concrete invites study. I t is as hidividual as 
steel or stone or brick or wood, and while at first 
(as in the early development of all building material) 
forms consistent with other materials are com-
nionl\ used, new forms adapted to the new material 
will be found, and a new architecture may result. 
Thus was the transition from the Attic shepherd's 
hut made to the Parthenon, until forms originally 
of wood came to be the classic contours of the age 
of Pericles. 1 anticipate no such triinnphant re­
sult, for we are not the ancient Greeks, nor yet is 
concrete I'entelic marble. 

"1 hold no brief." as the phrase is, for concrete 
as against other useful materials. In other words, 
1 do not prefer it above others. exc(-])i in certain 
specific cases where the nature of the structure or 
economic rea.sons imply its use. I t is not always 
the most economical material, though it frequently 
is so, and as a structural material it requires very 
expert handling. Bad concrete is not only worth­
less; it is dangerous, and concrete buiklings should 
not he attempted by incompetent or negligent build­
ers. I remember my old friend George P>. I ' O S T ' > 

making a brief speech on the subject of reinforced 
concrete some years ago in London, in which he 
summarized the whole matter by saying: '"Con­
crete is, as Sam Weller said of veal pies, 'weal pies 
is werry goocl things when you knows the laily as 
made 'em.' " 

The temptation to reduce the thickness of w.ills 
and floors. ])articularly the former, and to make con­
crete construction as light as possible, is very great, 
and it should be resisted, just as one should resist 
the teini)tation to get the last ounce of theoretical 

strength out of a brick wall or pier. There should 
be something more than a "factor of safety." A 
buildin.ij owes something to its neighbors as well as 
to itself,, and it .should not only be strong, but it 
should look strong. A very small percentage of in­
crease in the cost will accomplish this. Any sensi­
ble architect, and mo,st business men, would prefer 
to spend money on excess strength and the appear­
ance of solidity to spending it on elaboration of 
ornanietit. There is no reason why our indusirial 
buildings should be ugly. It is not necessary for a 
building to be ugly in order to be useful. That's 
why skillful architects should design these buildings. 
They are too often left to draftsmen in contractors' 
or engineers' offices who have not been trained in 
the art of design or whose only function is to lay 
out the work that will be cheapest for their em­
ployers to build—cheapest for their employers, but 
not cheapest or best for the owner of the building. 
In the fact that it is difficult to design an industrial 
building and make it look well, lies the very reason 
why a highly expert architect shdold be retained, 
and most of the best concrete construction con­
tractors know this and prefer to work under, or 
with, such an architect. 

W hen the architect, the engineer, the contractor 
and owner all unite in a joint effort, travel along the 
same road to the same destination, good design and 
good building are almost a foregone conclusion. 
This is so in all building work, but especially so in 
CMiicrete, where the builder can show from his ex­
perience and special knowledge of the material, 
economic methods of using it, where the architect 
can guide the design (of which subject he is sup­
posedly a master), and where the engineer can work 
out scientifically the structural problems en­
countered. But of all things, it is necessary to have 
a good "owner," for without a good client no good 
building c.-ui be built. Let us give chief praise to 
the owner, then, when a good bm'lding is built, and 
jiraiNe be. there are many such in this country. 

Pencil Drawing by T . R. Johnson of Study for Concrete Warehouse 
Cass Gilbert, Arcfi i tect 



The Choice of an Industrial Building Site 
By MAURICE M . OSBORNE, M. E. 

' I M1 i i first step in the detailed planning and 
I CMnstruction of an ividusirial buildiug is the 

JL chdice of its siti-. It fre'|uently argued 
that this is a matter lyiiig between the owner and 
his real estate agents, and that there is no need for 
the services of the architect and the engineer in the 
iransactiou. In uiauy cases. ])n)l)al)iy the uiajurily, 
the choice of the architect for an industrial buildiug 
project is deferred until the laud has been selected 
and bought. 

This undesirable slate of affairs has beeu uiainly 
brought alxiut through the owner's lack of under­
standing of the architect's and engineer's full value, 
and conversely by the architeri's and engineer's 
belief that this problem is a little beyond their 
province. 

I t is nevertheless true that the engagement of the 
sei"vices of the architect before the selection of the 
site should operate in every way to the advrunagc of 
the owner, and every architect will admit that the 
earlier he may be brought into a building problem 
as principal adviser the more valuable his services 
will be to his client. 

Further, when it is known that a building project 
i-; under consideration, an early selection of the 
architect certainly slun-tcns ihejnisery of all of the 
aspirants for the cojiimission, and wasting less of 
the time of the less fortunate many, conserves the 
nervous energy of the chosen individual or firm for 
the task to be accouiplished. 

I t is proposed in this article to outline the v.n inu--
ways in which the architect and the engineer may 
be of service to the owner in the choice of his l)uil(l-
ing site. Even though the owner may be ec|uij)]jed 
to make the necessary study and selection on his 
own behalf, a knowledge of these matters should 
be of value to the architect, both in relation to the 
prol)lem later to be worked out. and as a means of 
keeping his present or future client interested in 
him through judicious conversations and discussions. 

The .selection of an industrial site is necessary 
when a new industry or luisincss rc(|uires quarters 
for the first time, or an established business, through 
growth, obsolescence of plant, change of type of 
neighl)orhood. or expiration of lease, nnist shift to 
an economically sounder location. 

Mamifacluring plants present the most complex 
in-(ihlcm in location of industrial buildings and will 
be considered mainly in this discussion. Considera­
tions governing location of warehouses, garages and 
other industrial and semi-industrial types, are in­
cluded under the general principles applying to 
nianufacturing plants. 

I t is not as yet usual for the architect or engineer 
to be entrusted with the study of the general loca­

tion of a new plant serving a nation-wide business, 
but the principles followed should nevertheless be 
under.stood. 

Indu-stries have always shown a tendency to locali­
zation in centers producing a typical line of prod­
ucts. For example, the state of Connecticut has for 
ni.-iny years hci-u a great metal-working center, es-
l)ecially in brass products; the steel industry is con­
centrated in a corner of Peimsylvanla. 

This localization is the result of a number of in­
fluences, which inust be understood Itefore any in-
K'llii^ent general selection of plant locatinn can be 
niatle. However, as a general rule, an industry 
would best be established where similar industries 
already have flourished. 

As offsetting this is the tendency of certain in­
dustries to change their established centers, through 
change in centers of jKipulation. types of labor 
supply, or sales territory. 

In the United Stales census of 1900 seven ad­
vantages were listed, which in varying combinations, 
tend to cause localization of industry. 

These are: 
1. Nearness to materials. 
2. Nearness to markets. 
3. Water ]X)wer. 
4. Favorable climate. 
.S. Sui)pl\- of sm'table labor. 
6. Ca])ital available for investment. 
7. The momentum of an early start. 

The more bulky and the cheaper the raw materials 
used in the projected plant, the nearer should the 
p!ant 1)1- to the source of such niaterirds. As their 
bulk decreases and value increases, the further is 
it economically pennissil)le to shij) them for manu-
faciure. all other considerations being equal. 

The more centrally located a manufacturing plant 
u'ay he with respect to the centers to which it must 
ship its product, the lower its shipping cost per unit 
and the more advantageous its situation. A study 
of markets, freight rates, railway lines, etc.. is 
necessary before arriving at any conclusions on this 
point. 

A n industry requiring water power, or a large 
supply of pure or cold water, must be further in­
fluenced by that consideration. The advent of 
liydrn-electric and .steam power has made water 
power less of an influence than formerly in establish­
ing the plant site. 

Climate plays a part in textile and certain other 
industries, but less now than formerly. 

In very large industries requiring much unskilled 
labor, labor will come to the location selected fo r 
other rea.sons than that of labor supi)ly. As the in­
dustry requires more and more skilled and intelli-

S7 
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gent labor, the more it must seek localities where the 
required type of skill has been developed through 
training and heredity. Skilled labor is settled, it 
has a high standard of living, friends, social and 
family ties and traditions, and dislikes to migrate. 

As to capital, a town or city looking fo r indus­
tries, ready to supply tax-free land for a period, 
with a Chamber of Commerce working to .serve in 
every way to establish the new plant, and capital 
ready to be invested in it, naturally offers substan­
tial attractions to the owner seeking a new site. 

One of the best examples of the effect of the 
momentum of an early start is in the establishment 
of the textile industry in New Bedford, Mass.. to 
supplant its former industry of whaling. When 
the heyday of the whaling industry had passed 
with the discovery of petroleum in Pennsylvania, 
the capitalists of New Bedford decided to manufac­
ture textiles. Al l they had to their advantage were 
climate, capital, and an early start. They had no 
water power, were hundreds of miles from the 
source of raw materials, and not at all centrally 
situated as to markets. Yet New Bedford is to­
day one of the great textile cities of the country. 

Let us say that the owner and his engineer or 
architect have made a study of these considerations, 
and selected a general locality for the new plant. 

The next step is a detailed examination of the 
locality for an actual lot of land. 

Here the following major considerations govern 
in greater or less degree: 
1. Transportation facilities:—by rail, water, and 

for labor to and from work. 
2. Initial building requirements as to space, adapt­

ability of space to buildings of minimum cost to 
fit the purpose, and as to future expansion. 

3. Local labor supply and housing facilities. 
4. Dejx'ndence on other industries. 
5. Aid from the comnnmity, and water, gas, electric 

and other services. 
6. Building restrictions and zoning laws. 
7. Local markets. 
8. Advertising value of site. 
9. Cost of the land. 

The architect and engineer, i f commissioned early 
in the attack on the problem, should begin at once 
with the owner a study of the requirements of the 

business to be housed. From this study should 
proceed an ideal plan of the plant to be built. Any 
final plan will probably be a compromise between 
the ideal and that made necessary by actual condi­
tions, but having the ideal plan at hand will aid 
greatly in the selection of a specific lot of land. 

Once the requirements under the major considera­
tions listed here have been determined, the real 
estate agent is brought into action. He submits 
various lots of land to the owner, which in his judg­
ment most nearly meet the requirements. The archi­
tect and engineer may then examine these lots with 
the owner, as to the considerations numbered here, 
in particular: 
1. Transportation facilities. 
2. Building requirements, future expansion and 

foundation conditions, which later greatly affect 
building costs, and which may be the worst on 
the cheapest land. 

3. Water, gas. electric and other .services. 
4. Building restrictions and zoning laws. 

Such examination wil l save much time and money 
for the owner, at very little greater expense for ser­
vices than i f the architect and engineer had been 
selected after deeds had been signed and titles 
recorded. 

It is therefore clear that the architect and en­
gineer may do much in connection with the selec­
tion of industrial Iniilding sites, and that their 
services should be valuable in that connection. 

There is a further value to the architect and en­
gineer in taking part in the solution of this problem. 
This is because of the contacts brought about with 
real estate agents, which frequently lead to informa­
tion about other prospective commissions and to 
legitimate new business. Real estate agents and 
architects should have close relations for nuitual 
prosperity. 

Finally, let it be said that the discussion here 
applies primarily to that type of job so rare and 
dear to the heart of the industrial architect, in which 
the owner finds and furnishes all the cash himself. 
Advice as to the best action to be followed when the 
owner tries to get someone else to build for him 
would undoubtedly be superfluous, would take a 
book instead of a brief article to set forth, and would 
probably be wrong. 

nn 
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General Principles of Industrial Building Planning 
BASED O N INTERVIEWS W I T H I N D U S T R I A L A R C H I T E C T S 

r I ""HE huge development of manufacturing in 
I this country has produced industrial build-

JL ings of great magnitude, in the building of 
wliich the heads of large industries have in the 
majority of cases called upon all available sources 
of aid except that of architecture. There have, 
however, been a sufficient number of industrial 
plants erected from the designs of architects to point 
out the possibilities of improvement over the ordi­
nary means of enclosing a given volume of space, 
not only from an aesthetic standpoint, but also from 
the economic viewpoint of the owner. From the 
purely architectural angle, the interest of the archi­
tect would .seem to be in the treatment of the ex­
terior of the building, but for two reasons his interest 
must and does exceed this scope. In the first place, 
plan is of equal or greater importance than exterior 
design, and while the elements of plan in an indus­
trial project are simple, i t is f rom their disposition 
that the architect receives the key to exterior de­
sign ; secondly, the value of architectural planning 
is just as positive in industrial work as in the most 

com))licated monumental structure. The natural 
faculties for securing logical and convenient ar­
rangement of parts possessed by the architect guar­
antee to the owner a study of his requirements and 
a co-ordinated grouping of functions within the 
building that have a business value far in excess of 
the architectural fee incurred. 

A statement recently made by J. P. H . Perry. 
Vice-president of the Turner Construction Com­
pany, which has had extensive experience in indus­
trial building, bears out this contention. He said: 
"There is not much doubt but that the very finest 
industrial huildiiii^s which have been built in the last 
ten years in this country, the finest in general effec­
tiveness as well as in appearance, have been pro­
duced under the direction of architects. A certain 
distinctive appearance, a certain completeness of 
design, a more perfect interior arrangement and a 
general suitability seem more likely to prevail when 
the bigger industrial buildintjs are handled through 
an architect's office than when an architect is not 
in the picture." 

Interior of Power House, Victor Ta lk ing Machine Co. , Camden. N. J . 
Crane extends across width of building with monitor above. T h e monitor roof drains to the center to assist 

conducting warm air and gases out through the ventilating sash 
The Ballinger Company. Architects and Engineers 
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Plan of Interior Toilet Group 
Western Electric Co . Ware­

house, New Y o r k 

Rear View of Mill Building of K a h n & Feldman, Brooklyn, showing 
extensions at ends and center for toilets, stairs and elevators 

Buchman & K a h n . Archi tects 

I t is therefore of definite interest 
to architects who would seek com­
missions in the industrial field to re­
view the major principles of factory 
planning, based on data furnished by 
architects and engineers who have 
made a special study of this particu­
lar architectural problem. Modern 
manufactin-ing has been so intensi­
fied and speeded up because of keen 
business competition on the one hand 
and the shortening of working hours 
and higher rates of pay on the other, 
that no concern with an obsolete or 
poorly planned building can hope to 
carry on business successfully; the 
building nnist work to produce effi­
ciency in as great a degree as the management 
personnel. Its plan has a direct relation to output. 

The first requisite to goj)d planning is a knowl­
edge of the ojierations of the industry to be housed. 
Time spent in preliminary investigation of this 
character cannot be overvalued. In the instance of 
the Ihinic I'.idlhers' candy factory in Chicago, illus­
trated in this issue, two representatives from the 
architect's organization, one an architect and the 
other a mechanical engineer, spent two months in 
continuous study of plant operations and the move­
ment of material. The engineer familiarized him­
self with the size, load and mechanical requirements 
of every machine u.sed in the plant. This and other 
detailed data were collected, and formed the basis 
for the study of the general scheme of building 
arrangement which further permitted the definite 
location of every machine required in the new plant. 

Detailed study of intricate manufacturing meth­
ods is not always necessary or possible; the success 
of a plan, however, demands a clear knowledge of 
the essential process and methods of handling ma­
terial .so that the most direct lines of travel may be 
determined in the first stage of planning, ^lany 

Plan of extensions in Fisher Body Plant. One of 
these provided for every 18,000 square feet 

manufacturers art inclined to believe 
that they alone know enough about 
their businesses to design a plant 
because they alcne understand their 
many secret formula?; these are of 
little or no iiUerest lo the architect 
or engineer who knows that all 
manufacturing is a series of opera­
tions by various machines ami :i\> 
pliances. The architect, however, 
should always co-operate with the 
owner or his iiianai^^ing expert wln' 
will , as a nile, select machinery and 
work out sequence of operations. 

The first detail in develo|)ing an 
industi-ial building |»lan is the prepa­
ration of the site i)lan showing rail­
roads, wharves ( i f any) and streets 
Iwated and grades indicated; all 
underground water, electric and 
sewage lines should likewise be indi­
cated. This, together with calcula­
tions of the quantities of raw 
materials used and the jiroduct 
turned out. is used to determine sizes 
and locations of buildings, locations 
and lengths of tracks, capacities of 

storage bins, yards or buildings, and warehouses 
and shipping buildings for the finished i)roduct. 
The location of these with respect to their uses and 
handling re(|uires careful study to avoid unneces­
sary travel. Every industry has this j)roblem. 
though perhajjs none to a greater degree than large 
machine works, where for every ton of finished 
product at least three tons of raw material has to 
be handled. 

Storage of coal and its <lelivery to the j)lant are 
matters of importance. The power ])lant can be 
located at the most convenient point for handling 
fuel and a.shes, because transmission and under­
ground pijje lines will carry light, heat and power 
to any desired point. By all means proix-r eijui])-
ment for handling of coal and ashes as outlined in 
a later article shculd be incorporated. I f an over­
head bunker is not a part of the original contract it 
is well to make provisions for a future installation. 
Boiler and engine room likewise should be arranged 
for future extension. The expense of correcting 
oversights of this nature at a later time is tre­
mendous, frequently involving entire rebuilding. 

The types of buildings suitable for manufactur-
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ing purposes may be divided into three general 
classes: (1) ilie one-story, three-bay construction 
for foundries, forge and machine shops for medium 
and hea\ v w(jrk. re(|uiring overhead cranes; (2) the 
i i i n -> i ( r\ ^awiooth or monitor lighted building for 
lighter work requiring no heavy cranes, which may 
he of any width and any number of bays, and (3) 
the nnilti-story building for all lypes o f manufac­
turing purposes as well as storage except of the 
heaviest character. 

The fir.st type has generally a wide center bay 
served by one or more heavy traveling cranes and 
ranging in height f rom .SO to 60 feet to the roof with 
.1 i i a i f n w e r bay at each side for the lighter machine 
tools, etc. Foundries are similarly arranged with 
heavy moulding in the center bay, with melting fur­
naces, core shops and core ovens in one side bay 
and maclrine moulding, sand blasting, etc.. in the 
oihcr side bay. \ \ iih the monitor form of roof the 
headroom may be less than in other types of wide 
building, because piping, ducts, etc., may be accom-
nmdated in the monitor, thereby reducing volume 
and CdSt . .Shops using cranes, of course, require the 
liiuh bay, and the side bays are frequently two 
stories high with a cantile\'ered balcony to serve as 
a receiving platform for the crane. The second 
type, usually with sawtooth roof, may be of any 
w idih. with columns spaced to suit the requirements 
I i f t i l l ' industry. For spanning wide areas the saw­
tooth roof gives the best solution to the problem of 

lighting, and with recent developments in the de­
sign of trusses the possible objection to the rather 
numerous columns required in standard sawtooth 
construction is removed. The third type covers a 
great variety of buildings, including loft buildings 
and industrial terminals erected for several tenant 
nianufactiu-ers in which hundreds of em])loyes are 
frequently accommodated. The major problem 
here, aside f rom arrangements dictated by manu­
facturing recjuirements. is the provision of adequate 
safe exits and ample elevator facilities for the 
handling of material and passengers. With the gen­
eral adoption of the individual motor drive for 
machinery, the probletu of power transmission has 
l)een greatly simiilified and the old belt tower 
eliminated. 

The width of multi-story buildings is determined 
liy lighting conditions and n i a n u i ' a c i u r i n g require­
ments. Shoe factories, as a rule, are rather narrow 
compared with other factories, usually about 45 
feet with 50 feet as the maximum. Textile mills 
vary f rom 75 to 125 feet for all departments except 
weaving, which requires excellent light and for 
which the sawtooth weave shed is usually preferred. 

The floor arrangement of tenant loft buildings is 
generally deternn'ned by economical colunm spac­
ing; partitions are usually light and movable and 
can be placed to meet requirements of individual 
tenants. The standard and most economical bay is 
16 by 25 feet; larger spacing necessitates more 

Combined Shipping Court and Carage, Hydrox Co . Ice C r e a m Factory. Chicago 
Electric trucks are used exclusively and connections for charging are provided overhead 

Richard E . Schmidt. Garden & Martin, Architects 
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I 

Interior Court of American Chicle Co . Plant, Long Island City, N. Y . 
Provides center light in building 200 feet wide and space for 16 freight cars 

C a r scale at right under track. Court 40 feet wide 

expensive construction, and except for special 
manufacturing reasons is not often warranted. 

Natural lighting is of great importance. In gen­
eral it may be said that all wall area not required 
for support should be glazed. In particular, i f the 
light f rom the sky is unobstructed, 50 per cent of 
the wall should be glass and may well be as much as 
80 per cent. I f light is cut off by adjoining build­
ings, the glass area should be enlarged propor­
tionately and may need to be the maximum. 
Consideration should also be given to possible future 
obstruction of light, and provisions made for 
contingencies. 

In the multi-story building, i f the width of the 
floor is greater than 40 or 50 feet, all available space 
should be glass. Greater widths than this are in­
convenient because of fire hazard and difficulty in 
heating and ventilating. In buildings with windows 
on opposite sides and with the usual 12- to 14-foot 
ceiling heights, 60 feet is satisfactory fo r the floor 
width and permits good machine layouts. Greater 
width of course is possible, but the center of the 
floor would have to be used for storage or other 
purposes requiring little light. The windows in 
these wide buildings should reach from the ceiling 
to within 3 feet of the floor. In the Bridge & Beach 
M f g . Co. plant, illustrated in this issue, the sash are 
carried to within 2 inches of the undersides of the 
concrete slabs, the spandrel beams being placed 
above the slabs to accomplish the result. This 
method prevents shadows on the ceilings and allows 
them to reflect light to the floors. 

I n flat slab buildings the outer bays may be ex­
tended in cantilever fashion 4 feet beyond the out­
side of the outer columns, permitting continuous 

sash and also continuous 
work benches. I t is a 
universal experience that 
facing the source of light 
is fatiguing; w o r k 
benches should therefore 
be arranged so that light 
wi l l fall on them f rom 
the side rather than 
f rom front or back; a 
still better plan is to 
])lace them at an angle to 
the windows to permit 
momentary glances out 
the windows to relieve 
eye strain with the least 
effort and interruption 
to work. 

Planning the layout 
of floors requires knowl­
edge of manufacturing 
processes, and here the 
value of preliminary in­
vestigation is proved. 
From this data the 
machine positions are 
plotted and the lines of 

travel established, care being exercised to avoid 
conflict of travel in opposite directions; the means 
of transportation must be known and ample 
space provided for the easy passage of trucks 
in opiX)site directions when required. Other­
wise, heated arguments between employes wil l 
cause confusion and loss of time. Planning for 
future extension should always be kept in mind. 
Any industrial plant should be arranged to 
permit extensions with the least possible expense 
and interruption to business. I n fact, the ideal 
plant is designed at the start to cover the largest 
possible future growth, and at first only the needed 
number of units built. Modern handling of mate­
rials is designed to eliminate hand labor as much 
as possible. Conveyers should be installed wherever 
they will displace enough hand labor to pay for the 
inve.stment. I n a large brass foundry, for instance, 
a conveyer carries the metal f rom the basement to 
the charging floor; the moulten metal is conveyed 
by traveling cranes to the moulds. A conveyer belt 
under a grating in the floor returns all used mould­
ing sand to the sand basement where it is mixed 
with new sand after screening and brought up by 
another elevator and conveyer and distributed to 
the moulding floor. Much of this work was pre­
viously done by trucks and wheelbarrows. I n ware­
houses and tenant lof t buildings, as in the case of 
the Gilbert Building, New York, a continuous spiral 
chute is installed to permit the easy handling of 
packages and small shipments f rom each floor to the 
shipping platform. 

Many of the factors which improve factory build­
ings architecturally are dictated by legal regulations 
now generally in force for the safety and protection 
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of employes. Yet the.se 
have not been standard­
ized, and architects 
should familiarize them­
selves with emergency 
conditions that have 
arisen in factories and 
make provisions for 
meeting them. Ample 
and safe exits are fore­
most in importance ; in a 
wooden floored building 
of any considerable 
height there should be 
not only fire escapes but 
ample fireproof stair­
ways enclosed in fire­
proof walls. 

The convenience of 
the workers should be a 
goal to strive for in 
planning; unnecessary 
traveling or the climbing 
of stairs to reach related 
departments of the work 
or the toilets and wash­
rooms is annoying to 
the workmen and a direct cause of lowered effi­
ciency. Stairs, elevators and toilets should be 
placed conveniently for all parts of the building, to 
interfere as little as possible with the lighting and to 
give the lea.st possible obstruction to floor space. 
In buildings with party walls, the obvious and gen-

m 
Center Light Court. Spinning Mill, Coodail Worsted Co. , Sanford. Maine 

Lockwood, Greene & Co. . Engineers 

erally adopted plan is to locate them along such 
walls; in long, narrow buildings they are frequently 
incorporated in extensions at the ends or in the 
centers of the long sides. Exits should include at 
least one enclosed fireproof stairway, either exterior 
or interior, and from every floor there should be 

Group of four standardized warehouses with shipping facilities and railroad sidings in basement. Flat slab reinforced 
concrete construction. Central Manufacturing District, Chicago 

S. Scott Joy, Architect 
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not less than two exits with no point of the floor 
more distant than 100 feet from an exii. and in 
sprinklered buildings 150 feet. The second exit 
should preferably be another stairway. 

I n determining sizes of stairways, it is recom­
mended that the aggregate width of stairs in each 
story of a fireproof building shall be sufficient to 
accommodate at one time one person for each 150 
square feet of floor area of the story served. The 
mininnnn unobstructed width of stairways and 
passages leading to them should be 44 inches. 

A l l elevator and other shafts leading from one 
floor to another should be enclosed with fireproof 
material and have firei)roof roofs and all openings 
provided with fire doors. Elevators in multi-story 
buildings are determined in size and number by 
the bulk of materials to be handled and the number 
of employes to be transported. The passenger ele­
vators may be determined by rules similar to those 
applying to office buildings ; in the large tenant man­
ufacturing buildings in the Central Manufacturing 
District. Chicago, freight elevators are provided in 
the ratio of one to every 30.000 square feet of floor 
space. Similarly, trackage for one freight car is 
supplie<l for every 20,000 square feet of floor space. 

In congested city districts it is good practice to 
limit undivided floor areas to 20.000 square feet 
when of fireproof construction and not sprinklered: 

with sprinklers the area may be increased to 50.000. 
.'iiul ill buildings of one slory llie^e linnres may be 
increased 50 per cent. 

Certain standardization is possible in industrial 
buildings, and where large scaled operations are 
planned it is of definite value in speeding up con­
struction ; it likewise has an influence tending to­
ward simplicity in plan. In the buildings of the 
Central Manufacturing District. Chicago, of which 
S. Scott Joy is the architect, two types of construc­
tion only are used, one mill construction, when small 
bays .suffice, and reinforced concrete when larger 
bays are required. The mill construction bays are 
16 X 16 for laminated flooring in buildings having 
long continuous runs of floor, thereby eliininating all 
cutting possible. Joists and heavy matched and 
dressed flooring are used when greater spans and 
lighter loads are refpiired. Girders always run the 
short dinu-nsion of the building to pi-rnn"t the fram­
ing of the floor before the walls are brought up. 

The flat slab bay 20 x 20 is the standard for rein­
forced concrete buildings. When larger bays than 
this are required, the live loads are decreased and 
the dimension of the bays increased in the direction 
which allows the most practical and economical use 
of lumber in mill buildings, and in concrete build­
ings the exterior bays are increased by a cantilever 
slab extending 4 feet beyond the outside columns. 

Interior of Shipping Building of Joseph Campbell Co. . Camden, N. J . 
T y p i c a l steel framing for flat roof with small monitors. Note conveyer system and spiral chute to shipping floor 

T h e Ballinger Company. Architects and Engineers 
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Co-operation Between Architect and Builder 
By H A R O L D F I E L D K E L L O G G , Archilecl 

O N E always feels that the art of the middle 
ages as expressed in architecture is the re­
sult, largely, of the guild .system. How that 

differed f rom our trade unionism of today is not the 
argument here; that the work was done by close co­
operation between the designer and the man, the 
guild or the union which actually executed the de­
sign, is a matter of history. Can this co-operation 
be renewed? I f it can, our trade unions will have 
taken their place in the community by doing their 
.share to express the civilization of our times. I f 
the architect had to execute some of his designs, it 
is jirobable that they would be far different. To de­
sign a building which can be built with unskilled 
labor properly directed is an interesting problem. 

Such an effort at co-operation has been attempted 
in the design and execution of the A . M . Creighton 
shoe factory, in Lynn, Massachusetts. Unlike some 
clients, the owner knew what he wanted and was 
willing to pay a fair price for it. He did not want 
to put up the cheapest building which would give 
the maximum of well lighted floor space for the 
minimum of cost. Dignified advertising, he felt, 
was legititnate, and a building just a litde better 
than the unifonn mercantile type he considered good 
advertising. The difl'erence in cost, in this case, was 
estimated at 4 per cent. 

The requirements of the factory were fixed by 

the methods of making, handling and selling shoes. 
The floor loads, beams and column centers were 
fixed by the trade, and the width of the building 
was fixed by the light efficiency at the machines. 
The size and height of the tower were fixed by the 
sprinkler tank, which usually presents an unsightly 
appearance on the roof. Here, then, was the skele­
ton, and it remained only to interpret these forms. 
Here was where the architect and the builder, 
representing the trades, could meet to mutual ad­
vantage. 

Before the design was fixed in any of its details, 
the "pour lines" or where the gang of laborers 
stopped pouring concrete at night, were determined. 
Relative to these "pour lines" all the details such 
as belt courses, cornices, btittress washes, etc., were 
desii^jned. The amount of detail cast on the ground 
and raised in place was minimized. Only the washes 
of the buttresses and their crowning pyramids and 
the inserted tiles were cast at the .site. Again, the 
design was dependent on the re-use of the same 
board forms. This, luckily, kept the imagination 
from inventing too many motifs which do not make 
for unity. Every insert was so designed that build­
ing ihc "general concrete frame of the building could 
proceed, with openings left for the inserts. This 
was difficult in places on account of the steel rein­
forcement coming near the outside surface of the 

i i n i i i l i i i 
^^^h ^ ^ ^ ^ ^ ^ ^ ^ .-7-r~*-

G E N E R A L E X T E R I O R V I E W 

A . M. Creighton Building, L y n n , Mass. 

Harold Field Kellogg. Architect 
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concrete. I t was also inipraciica! to leave wires or 
rods to tie these inserts to, so that each insert had to 
be in balance without being held in place. 

The belt courses and cornices were designed so 
that the concrete frame could be built without w.tii-
ing for them to be poured. I f the horizontal detail 
members were poured integrally with the slabs and 
beams, it would mean that a form the whoie length 
of the building would have to be made. By pouring 
only a relatively short length at one time, this form 
could be used over and over again, just as column 
forms are re-used vertically. This requirement did 
much to determine the form of the mouldings. A l l 
the details were so designed that the forms could 
l)f stripped without injury or taking ilie forms 
apart. Thus many conferences between the archi­
tect and the builder modified the design Ijefore 
construction began. The height and size of the 
tower were fixed as already said, by the sprinkler 
tank which it concealed. The added weight was ex-
pres.sed by the buttres.ses, much like the old cathe­
drals' luulliplied buttresses arouud their towers. 

Carving was, of course. imi)ossible and not desir­
able in commercial work to any extent. The design, 
therefore, of the top of the buttres.ses. which in 
Gothic work was usually snrmounted by a carved 
finial, was a point to be considered with great care. 
Here again what was the method of construction? 
Board forms were to be used and the concrete poured 
in. I f each element required a special board form. 

the wood from the story below could not be re-u>ed. 
It was, therefore, advi,sable to get the effect of a 
hnial by placing something inside the old fornix. 
'J'here were triangular pieces of wood tacked in the 
i-drniTs. the jjieces being no longer than a man could 
reach down f rom the top to nail in place. Every re­
cess in panel buttres.ses or reveal was made of J/^-
inch boards as that was the thickness of the com­
mon lumber used. 

W itli the circular clock it would seem to be neec— 
sary to depart f rom the straight line dictated by the 
method of construction, that is the use of board 
forms. Yet here the circle of the face was jjlaced 
upon a hexagonal background of concrete which re­
quired no bent lumber to construct. The only deir.il-
where the expression of lintel and column was not 
tOHowed were the flat arches, really not a concrete 
form, yet used to attract the eye by a difference of 
liiic irom the rigid vertical and horizontal. Inside, 
the building is simplicity itself, except for the own­
er's private oliice, the general offices and the w;iiting 
room. Here Gothic quartered oak paneling wa-
used, with enough carving to give a domestic lo iul i . 

Throughout the progress of the work the archi­
tect and builders were in constant touch. Their one 
desire was to create, with the materials and labor 
commonly used, something neither commonplace nor 
yet elaborate. I f this co-operation were in more 
constant ])ractice the building trades would have a 
i^i caK r iulluence on the architecture of today. 

D E T A I L S O F SPf 
T A N K T O W E R 

A. M. C R E I G H I 

L Y N N . M A S S . 

Harold Field Kellogg. Architect 
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D E T A I L O F T O W E R AND T Y P I C A L F L O O R P L A N 

A . M. C R E I G H T O N B U I L D I N G . L Y N N . M A S S . 

H A R O L D F I E L D K E L L O G G . A R C H I T E C T 
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... I J E . L L E 3 T l l , E E T 

F I R S T F L O O R P L A N 

H . C . G O D M A N C O M P A N Y F A C T O R Y . C O L U M B U S . O H I O 

R I C H A R D S . MCCARTY & B U L F O R D . A R C H I T E C T S 

Type of construction: Re­
inforced concrete flat-slab 
floors; solid slab and beams 
for roof where in Factory 
No. I a monitor runs 
through center bay. Build­
ing for manufacturing of 

shoes. 

Exterior materials: Front­
age faced with gray brick; 
Indiana limestone trim. 
Concrete exposed on other 
walls. T a r and gravel roof 

over concrete. 

Interior materials: Floors 
in factory portions, factory 
maple; elsewhere, mono­

lithic cement. 

Heating: Vapor system 
from central plant. E x ­
haust fans in basement 
toilets; plenum system on 

third floor. 

Windows: Side wall factory 
steel sash. 

Date of general contract: 
March. 1922. 

Cubic foot cost: 19 cents, 
exclusive of equipment; 
2,560.420 cu. ft.; cost of 
power house with equip­
ment. 72 ! J cents per cu. ft. 
Factory No. I and the 
power house are now com­

pleted. 
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D E T A I L O F E N D F A C A D E 

E X T E R I O R O F K I L N AND M I L L B U I L D I N G 

W E S T E N D P L A N T . F I S H E R B O D Y C O M P A N Y , D E T R O I T 
A L B E R T K A H N . A R C H I T E C T 
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M • M i 1 1 
T Y P I C A L F L O O R P L A N 

S C A L E OF FEET 

OK) ^O. 50 7C CO IX) 

1 "VA.'OAGB-K.Ki. " i _ . 

Type of construction: Reinforced concrete skeleton. 
Building planned for live loads of 100 pounds per square 
foot for supported floors, and 30 pounds per .square 

foot for roof slabs. 

F I R S T F L O O R P L A N 

Exterior materials: Face brick. 

Windows: Steel sash throughout. 

Use: For the manufacture of automobile bodies. 

W E S T E N D P L A N T . F I S H E R B O D Y C O M P A N Y . D E T R O I T 

A L B E R T K A H N , A R C H I T E C T 





Choice of Type of Construction 
By J O H N R . N I C H O L S 

Consulting Engineer, Boslon 

W H E N the owner of a prospective factory, 
warehouse, mill , shop, fomidry or other 
industrial building, or his professional 

adviser, faces the question "What kind of construc­
tion?" he has a choice of three generally recognized 
types, namely: (1) M i l l Construction, (2) Steel 
Frame, and (3) Reinforced Concrete. Varied, in­
deed, are the circumstances and conditions that, 
having been given due consideration and weight, 
will determine the choice. And varied, too, are the 
niodilications and partial combinaiions of the i l m c 
types f rom which may be finally selected a design 
considered \)c^\ suited to the situation in hand. I t 
is the writer's purpose, without attempting to be 
exhaustive either of the subject, or, he hopes, of 
the reader, to discuss some of the characteristics of 
the types of construction available and to appraise 
their value in meeting requirements fre(|uently 
imposed. 

For many years the floors and roofs of industrial 
buildings have been framed out of wood. In the 
early part of the era of the power saw, when "two-
by's" were the most familiar sizes used by the car­
penter, framing consisted of joists or plank on edge, 
a few inches apart, overlaid with boards. 'J'his is 
termed "joisted" or "close-framed" constructi(»n. 
and is now used chiefly in dwellings. On account of 
the slender sizes of the members and their close 
spacing, fire, once started, consumes framing of this 
type rapidly, and because of the numerous recesses 
of the ceiling, is difficult to extinguish. 

Walls of industrial buildings, too, used to be 
framed in wood, and to some exieiu are so framed 
ai the present time. The value of masonry for 
walls, however, as a protection against the spread 
of fire, as well as for its durability when exposed 
to the weather, has long been recognized, and few 
buildings, other than dwellings and temporary 
sheds, are now constructed without the benefit of a 
masonry shell. Masonry walls in industrial build­
ings may almo.st be taken for granted. 

Some few years ago an endeavor originating in 
textile mills, to improve the fire-resistance of 
wooden-framed t^oors and roofs in buildings hav­
ing masonry walls, resulted in what is known as 
"mil l construction." sometimes called "slow-burning 
construction." The impn^ved framing sought, by 
widened spaces between beams.—8 to 10 feet or 
more,—^to bring all surfaces easily within reach of 
water f rom hose streams or sprinkler heads; by 
increasing the sizes of timbers.—no dimension less 
than 6 inches,—to lessen the comI)ustihle area ex­
posed to fire, and to make possible a considerable 
depth of charring without endangering the load-
carrying capacity; and by interposing thick floor 
planks between stories,—2, or better. 3 inches 

thick,—to provide a cut-ofl^ that would withstand 
fire and support fl(X)r loads for a longer time than 
the thin boards of joisted framing. The require­
ments of textile mills are well suited to the use of 
mill construction in its sim])lest and most econom­
ical fonn . Floor loads are light, 40 to 70 pounds 
per square foot, and close post spacing, transversely 
of 16 to 20 feet and longitudinally of 8 to 10 feet, is 
not objectionable. The flcKjr beams, running trans­
versely, rest directly on exterior masonry walls and 
interior posts, the plank spanning from beam to 
beam. No girders are required. 

. \ ^ n i i n c d i i M l u c l i ' i i was ;i<li>|)lrd l o r u-.e> i ' e ( [u i r -

ing wider post spacing, longitudinal girders became 
necessary, themselves resting on die posts and carry­
ing the ends of intermediate floor beams. This is 
a modification of mill construction sometimes styled 
"intermediate framing." .Although the term "mil l 
construction" is held strictly to a])ply only to the 
original form with beams in but one direction, it 
has come in recem years to be used in the broader 
sen.se including all the modified forms of wooden 
floor and roof construction which embody in sub-
siantial degree the essentials mentioned. 

M i l l construction is not fireproof. e\en in the 
hniiied sense in which the term is properly used, 
for no construction is proof against all fire. In fact, 
the structure itself is fuel for the burning. But 
the heavy timbers resist fire and supp(.rt their load 
longer than exposed steel, which gives way when 
healed, and the type well merits the term "slow-
burning." Buildings of mill consiructiim, etpiipped 
with automatic sprinklers, often carry a rate of 
insurance nearly or quite as low as would a fire­
proof building under the .same circumstances. 

Column spacing, for economy of construction. 
>h(inld generally be as short as the occupancy will 
permit. Rarely does this allow going beyond the 
j)oint where added posts and foundations cost more 
than the saving in floor and roof framing. When, 
as in the case of general warehouses, columns inter­
fere little with operation, it may become interesting 
to consider the ])urely economical spacing. This de­
pends on so many varying factors that we cannot 
attem])t here more than a generalization. Heavy 
floor loads, many stories, low story heights and 
good bearing soil favor close spacing, which wi l l 
probably never be less than about 8 feet by 14. 
Conversely, light loads, few and high .stories, di f f i ­
cult and costly foundations favor wider spacing. 

The direction of beams and girders is determined 
by a number of considerations. I f post spacing is 
wider in one direction than in the other, the girders, 
which are more heavily loaded, should be favored 
with the shorter span. This consideration is impor­
tant when the use of structural steel for girders is 
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Isometric view of ceiling in a mill construction building, showing detail 
at column cap, and method of supporting beams at girders 

The floor planking is raised 4 inches above girders 

beams and columns, to layouts of the 
sprinkler system. The reasons for 
installing automatic sprinklers are 
first, to reduce the fire hazard and 
second, to reduce the insurance rate. 
Having the second object immediately 
in view as the best guide to attaining 
the first, the rules of the insurance 
underwriters are to be observed. In 
the case of joisted ceilings a sprinkler 
head is required for not exceeding 80 
square feet. Symmetrical arrange­
ment with respect to posts and beams, 
and extra heads at walls and parti­
tions, wi l l usually reduce the average 
area per head to about 60 .square feet. 
When the spacing of beams is over 3 
feet, the ceiling comes in the class of 
mill construction, and heads are ar­
ranged in relation to the beams, the 
maximum area per head being 100 
square feet. The maximum spacing 
of heads is 12 feet. Having due re-

thus avoided. The direction of the boards in the 
finished flooring is another consideration. The dis­
tribution of light f rom the windows and its reflec­
tion from the ceiling are better when beams run 
across the building. 

Yellow pine timbers, chiefly used in mill construc­
tion, are not readily available for depths greater 
than 16 inches. The larger sizes command a 
premium. Sixteen-inch beams loaded to capacity are 
subject to excessive deflection in spans of more 
than 20 feet. For longer spans, the deflection may 
be kept within bounds by reducing the allowable 
fiber stress, but the cost then mounts rapidly. For 
spans greater than 25 feet, steel becomes a close 
competitor, and considerations of delivery wil l 
usually dictate its use. 

The girderless form of mill construction is eco­
nomical for column spacing, at right angles to 
beams, up to the limit of span for 3-inch plank. This 
may be 8 to 12 feet, depending on load and allow­
able deflection. Wider spacing calls for girders to 
carr\- ends of beams intermediate between columns. 
The largest timbers available for girders are good 
for spans up to about 16 feet, depending on the 
floor load. 

Beyond the limiting spans for timbers, recourse 
must be had to structural steel. This involves an 
appreciable increase in cost and, unless the steel is 
protected against fire at still further expense, a sac­
rifice of fire resistance. The only gain, aside f rom 
the wider column spacing, is increased siiffness. 
Timber combined with steel, as in trussed beams or 
flitch beams, had a vogue before the advent of 
cheap rolled steel, but is cumbersome and in view 
of the difficulty of joining the materials effectively 
is rarely found economical today. 

Some attention should be given, in spacing of 

gard to the length of bays, therefore, 
beam spacing of 8 to 12 feet is most easily suscep­
tible of arrangement for minimum number of 
heads, with a line of sprinklers in the center of 
each bay. Beam spacing from 5 to 8 feet also calls 
for a line of heads in each bay, and results in de­
creased sprinkler spacing, and corresponding ex­
pense. For beam spacing between 3 and 5 feet, 
sprinkler heads are staggered in alternate lines, gen­
erally resulting in much less than 100 square feet 
per head. 

I t is possible, however, to attach too much impor­
tance to sprinkler arrangement. Allowing ten cents 
per square foot of floor space for sprinkler equip­
ment, a choice of 7-foot instead of 8-foot spacing 
for beams requires 14 per cent more heads at an 
added cost of only 1.4 cents per square foot. This 
would be more than paid for i f , for example, the 
thickness of floor planking could be reduced thereby. 

When, for some reason incidental to the occu­
pancy, wider .spacing of beams is required than 
4-inch plank is good for. either on account of stress 
or deflection, recourse is sometimes had to use of 
so-called laminated floors. This construction con­
sists of laying small, sfiuare-edged joists on edge 
close together and spiked solidly through the sides. 
The only advantage in this over the usual grooved 
and splined plank lies in economy. The small joists 
used cost less per board foot than larger sizes, and 
the expen.se of grooving and of splines is saved. 
The object of grooving and splining is twofo ld : 
to give an individual plank subject to concentrated 
load the assistance of its neighbors, and to stop the 
passage of dirt through the floor. Included with 
the first is holding the planks to a smooth surface. 
Laminated floors accomplish the first object fairlv. 
although the task of lining up warped and twisted 
two-by-sixes is by no means easy. In meeting the 
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second object laminated flooring fails utterly, and 
it is hardly practicable in the ordinary course of 
construction work to keep all dirt and the necessary 
debris of masonry laying off the floor. Powdered 
mortar and other fine refuse is ground into cracks, 
later, when the wood shrinks, to fall f rom the ceil­
ing below. When shrinkage occurs, some cracks 
open wide, making the ceiling unsightly. Where 
these results are not objectionable, of course, advan­
tage may be taken of the possible economy of 
laminated construction. 

I n laying laminated flooring the strongest and 
stilTest floor is obtained by making butt joints be­
tween ends of sticks as few as possible, and when 
they do occur by placing them at about one-fifth 
the span from the beams. They should always be 
staggered. The appearance of butt joints on the 
ceiling may be avoided by placing them over beams, 
but this reduces the strength and stiffness of the 
floor. A floor laid with random lengths is the 
cheapest and is stronger than when joints are over 
beams, but it lacks something in appearance. 

Beams are supported on girders, either by resting 
on them or by being hung in iron stirrups or beam 
hangers. When the tops of the beams are level 
with the tops of the girders, it is called flush fram­
ing. Flush framing is objectionable either in floors 
or roofs, for the reason that when the beams shrink, 
the tops settle in relation to the girders, and a ridge 
is formed where planking is forced up along the 
line of the girders. Better practice is to hang the 
beams 3 or 4 inches above the girders, and to span 
across girders with 2-inch pieces resting in notches 
cut in the ends of the beams. The cost of this is 
not great, especially when iron dogs, otherwise 
required to tie together the ends of beams, are dis­
pensed with. Space is thus 
conveniently provided for the 
passage of pipes, electrical 
conduits, wires, etc., on the 
ceiling. 

Posts should not rest on the 
ends of wooden beams. Either 
they should be carried down 
between ends of beams to the 
column cap or base plate 
below, or metal pintles should 
be p r o v i d e d . The latter 
method has the advantage 
that the slender pintle permits 
ends of beams or girders to 
extend over the shaft of the 
column below. Its disadvan­
tage is a lack of continuity of 
the column as a whole, which 
subtracts somewhat from its 
lateral stability. When the 
wooden column shaft itself 

extends down to the cap of a interior of office section of T h e Chilton Company Building. Philadelphia, showing 
lower column, the beams and heavy mill construction, inexpensively finished 
girders necessarily rest on The Ballinger Company. Archi tects and Engineers 

brackets, usually a part of the cap, projecting be­
yond the face of the lower column. I n such cases, 
cast iron for caps is to be avoided, as in case of 
fire the brittle metal is apt to crack off and drop 
the floor. Steel, though it may soften and sag, is 
more likely to hang on. Caps for top-story col­
umns may be of wood, oak i f necessary to avoid 
over-stressing in bearing across the grain at the 
column. Wooden columns in the lowest story 
should have metal base plates, which may be of cast 
iron, to intercept moisture brought up from the 
ground by capillary attraction. 

Similarly, ends of beams in exterior masonry walls 
should have metal bearing plates. I t has sometimes 
been the practice to brick in tightly the ends of 
beams in masonry walls. This frequently leads to 
rotting and is to be avoided. A space for circula­
tion of air about the end of the beam is desirable, 
and to insure its thorough provision, sheet metal 
hoods are provided about ends of timber to keep 
back brick and mortar. 

Wood kept dry lasts indefinitely, but where the 
moisture content exceeds a percentage, not accu­
rately defined, for a long period, rot is apt to set 
in, and i f allowed to persist wil l ultimately destroy 
timber for structural use. Thus in laundries, dye 
houses, and certain industries where a high humid­
ity is maintained, rot (sometimes, when the mois­
ture is not visible, called dry rot) has frequently 
caused serious damage to wooden framing. Floors 
constructed above the ground or over damp, un-
heated basements have suffered rapid deterioration 
from this cause. A number of preservatives have 
been developed which are more or less effective in 
retarding the growth and spread of rot, but perma­
nence is not assured when dampness pre\ ails. 

i 
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In industries where arranj^t-nicni of machinery is 
subject to frequent change, mill construction is 
found advantageous on account of the ease with 
which shafting is secured to the ceiling, machines 
boiled to the tloor. o])enings ciU for chiues, convey­
ers, etc., and the fl(X)rs strengthened or reframed to 
meet changing conditions. .Mill construction is 
rarely used in buildings more than six stories high. 
This is partly due to lack of lateral stability, which 
is chiefly dependent on the masonry, and the exces­
sive size of posts and thickness of masonry in the 
lower stories, and partly to the restrictions imposed 
by building laws in cities, on account of the fire 
hazard. 

The cheapening of steel manufacture that was 
brought about by the invention of the Bessenur 
process has made steel framing economical for 
buildings, under circiunstances which favor its use. 
I n steel framing, a framework of rolled structural 
steel members, which is entirely stable by itself, is 
erected on foundations, atid the skeleton thus formed 
is clothed with walls, floors and roof. . M t - n i l u r s 

are assembled and joined one to another by means 
of rivets, although in unimportant structures bolts 
are used. 

Two di.stinct types of steel-framed buildings 
are recognized. One follows the lines of mill con­
struction with its beams, girders and interior col-
unms. but with a steel frame taking the place of 
exterior masonry bearing walls. Buildings of the 
other type are known as "mi l l buildings." an unfor­
tunate term, perhaps, which must not be confused 
with "mi l l construction." M i l l btiildings are long 
structures, usually one story in height, whose dis­
tinctive feature is their one or more broad bays free 
of posts. This type of building is used for heavy 

Interior of heavy stamping mill showing typical steel "mill building" construction 
with craneway under monitor. Plant of Edw. G. Budd Mfg. Co . . Philadelphia 
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metal-working shops such as foundries, boiler 
shops, etc., where cranes are necessary for handling 
heavy or bulky work, and where large spaces clear 
of columns are required. I-'or this type of building 
•~\vv\ framing is practically a necessity. No oilier 
material is suited to the long spans and the high 
walls exposed to wind jDressure and lateral forces 
from moving cranes. Sometimes, in temporary 
structures, timber trusses are used, but the difficulty 
of making suitable joints with wooden members, 
and the shrinkage of the wood, loosening the joints, 
are .sources of continual trouble which are only 
completely avoided by using .steel, the result gen-
(•i-;illy justif}'ing dilYerence in cost. 

.'^leel. althougli not lireproof, is incombustible, 
and when combined with incombustible materials in 
the finished structure at least affords no source of 
fire. In the metal-working trades, for which mill 
buildings are usually employed, fireproofing of such 
a structure and fire-protective c(|uipment are super­
fluous. Corrugated sheet iron for roof and walls, 
.'ind sieel sash are m i i n i i ' n i l y u-^e'l when the build­
ing is not heated. Loss of heat ihroitgh sheet iron 
is so great, however, that it pays to use concrete, 
gypsum, tile or other similar material for the roof, 
and masonry for the walls, when buildings are to 
be kept warm. In .steel frame buildings which 
house quantities of combustible material, such as 
lumber, oil and inflannnable chemicals, no advantage 
is gained by shunning timber for ])urlins and roof 
planking. Automatic sprinklers are then of great 
value. The choice between wood and masonry for 
walls of such buildings dejiends upon exposure to 
fire f rom nearby structures, or to the degree of 
permanence desired in the structure. 

In other than mill buildings the use of steel for 
framing has been due to two 
reasons: First, to obtain 
structural members stronger 
than the largest available t im­
ber. Second, to employ a ma­
terial which, when surrounded 
with a protective covering of 
concrete, tile or other suitable 
insulation, results in a fire­
proof structure, a structure 
nmch more resistant to fire 
ihan nn'll construction. 

Steel is economical in fire­
proof construction, in high 
oflice buildings, hotels, apart­
ments, etc., where the loads 
to be carried are light. Re­
inforced concrete, its chief 
competitor, is so heavy that 
the dead load of the struc­
ture becomes disproportionaie 
when it is used in the frames 
of such buildings. For very 
high buildings, such as the 
•-kyscraper" of New York, 
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.•̂ tcel is a necessity. The weight of re inforced con­
crete and the bulk of concrete columns in the lower 
stories, required to sustain i t and occupying va lu ­
able space, are prohibi t ive . 

Reinforced concrete has had its greatest develop­
ment as a bu i ld ing material since 1900. The devol-
ojjment has been so rapid, however, that today i t is 
well recognized as one o f the standard types o f 
construction for industrial buildings. Concrete is 
an a r t i f i c ia l stone and has the brittleness and lack 
ill" I ensile strength characteristic o f natural stone. 
H i g h in compressive Strength, however, it can be 
re inforced where i t is subject to tensile stress by 
embedding steel rods in it when it is made. The 
combination of concrete, re inforced w i t h steel prop­
erly placed and proport ioned, is called re inforced 
concrete. 

Reinfi i rct-d cnncr i ie , properly designed and con­
structed, is classed as f i reproof , and w i l l wi thstand 
the destructive effects of fire as wel l as any o f the 
cnii inmnly used bu i ld ing materials. L i k e all o f them 
i t suffers f r o m long-continued exposure to a hot 
f i re , but concrete structures subjected to fire are not 
usually damaged beyond repair, and are .seldom i f 
ever destroyed by i t . 

A structure of re inforced concrete is practically 
monoli thic . IMastic when placed, successive days' 
w o r k fits perfect ly the concrete previously placed 
and hard. There is no looseness at jo ints , or play, 
a f f o r d i n g opportuni ty f o r swaying. Concrete con­
struction is therefore well suited f o r mult i -s tor ied 
buildings containing \ ib r ; i l ing machines or machines 
having heavy reciprocating parts, such as p r i n t i ng 
presses. 

Reinforced concrete in piers and exter ior walls 
i> stronger than masonry. Moreover , lateral stability 
is contributed by inter ior col­
umns. Ex t e r io r colunms or 
piers may therefore be more 
slender and more widely 
spaced than in mi l l construc­
t ion, and correspondingly lar­
ger space is a f forded for 
windows. The so-called "day­
light f a c t o r y " came into 
vogue w i t h reinforced con­
crete. W h e n floors are of the 
flat slab type, ceilings unbro­
ken by beams and windows 
carried to the ceiling, the l ight 
d is t r ibut ion is unequaled. The 
use o f rol led steel sash, w i t h 
its slender members and large 
lights o f glass, aids the natu­
ral i l lumina t ion . 

Reinforced concrete con­
struct ion is best adapted to 
buildings having heavy floor 
loads. F o r loads in excess o f 
200 pounds per square foot 
i t w i l l f requent ly be f o u n d 

cheaper than m i l l construction. I t is therefore well 
suited to warehouses. I n high buildings, heavily 
loaded, the columns in the lower stories may become 
bulky and occupy too much valuable space. I n this 
case, however, s t ructural .steel embedded in the con­
crete columns is successfully used to reduce their 
sizes. Reinforced concrete buildings are durable ; 
sometimes too durable, when alterations are to be 
made or a bui ld ing demolished. Cu t t ing through 
floors is expensive and, i f openings are numerous 
or large, may result in a weakening of the structure 
which is d i f f i cu l t to correct. Cu t t ing the floor f o r 
small pipes, wires, etc., to b r ing water, steam, o i l , 
compressed air or electric power to machines, wher­
ever they may be placed, is sometimes faci l i ta ted 
by leaving wood blocks in the concrete at close 
intervals, covered over by the granoli thic finish. 

W i t h reinforced concrete, as w i t h m i l l construc­
t ion , the clo.sest column spacing permit ted by the 
oecu])ancy w i l l be usually f o u n d economical. Bays 
15 or 16 feet scpiare are perhaps the m i n i m u m f o r 
ecom.my in warehouses. Concrete, l ike steel, is a 
manufactured product , and is not subject to the 
l imi ta t ion imposed, by the natural g r o w t h o f trees, 
on m i l l construction. There is no well-defined upper 
l imi t on the size of bays. F la t slab, or girderless 
flour construction is par t icular ly economical f o r 
small bays which are square or nearly square. F o r 
m a x i m u m economy the wall bays and end bays 
should be 10 per cent nar rower than in ter ior bays. 
I 'lat slab consiruci inn is used frequent ly up to 25 
feet column spacing, and less o f ten to 30 feet. For 
wide spacing it is very heavy, and the l ighter con­
struction of formed beams, girders and th in slabs 
saves enough concrete and steel to pay the extra 
cost of f o r m i n g . Except in high. man\ siorie(| 

i n t e r i o r o f t y p i c a l flat 
i n c r e a s e e f f e c t i v e 

The 

s l a b c o n c r e t e b u i l d i n g , s h o w i n g use of g loss w h i t e p a i n t to 
i l l u m i n a t i o n . T i f f i n B u i l d i n g , L o n g I s l a n d C i t y , N . Y . 
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buildings ca r ry ing l ight loads, re inforced concrete 
is almost always cheaper than f i r c p r o o f e d steel. 

W h e r e moist conditions do not prevai l , hardwood 
flooring is probably the best and the cheapest satis­
fac to ry wear ing surface f o r floors of factories, not 
la id on the ground. Matched flooring gives a more 
even surface, but where heavy t ruck ing is done, 
square edged is more durable. I n buildings o f m i l l 
construction it is the obvious type o f floor l inish, 
nailed direct ly to the p lanking. U n d e r wash bowls 
and isolated wet processes i t may be desirable to lay 
cement, asphalt, mastic or other type of waterproof 
flooring, but this is always at added expense. I n ­
dustries which are wet throughout should not use 
m i l l construction f o r floors. 

In re inforced concrete and fireproofed steel f r ame 
construction, the lay ing o f hardwood flooring is 
more expensive. A means f o r support ing the boards 
and securing them i n place must be provided . The 
usual provision is wooden sleepers, bolted, wi red 
o r otherwise secured to the floor, filled between 
w i t h cinder concrete. T h e sleepers must be care­
f u l l y leveled, and to them the flooring is nailed. 
H a r d w o o d flooring la id i n such bui ldings costs 15 
to 20 cents per square f o o t more than cement or 
granol i thic floor finish la id direct ly on the struc­
tu r a l floor. T h e requirement o f ha rdwood flooring 
therefore favors economy of m i l l construct ion as 
compared w i t h re inforced concrete. 

For ord inary factor}- floor loads, when there is 
no special requirement f o r floor finish, m i l l con­
struct ion costs about 10 per cent less than re in fo rced 
concrete, and steel f r ame , fireproofed, about 10 per 
cent more. E x t r a o r d i n a r y opportunit ies to purchase 
lumber, cement or steel m a y afifect the relative 
costs, even so f a r as to reverse their order, when 
other conditions f avo r , but usually the prices o f 
these materials rise and f a l l together and propor­
tionately. Subject to f a v o r i n g conditions already 
touched upon, the relative costs have remained ap-
pro.ximately as given since re inforced concrete came 
into general use. 

F loo r loads are usually determined by the bu i ld ­
ing code in cities, and. where there is no code, by an 
estimate o f the heaviest loads l ike ly to come on the 
floor. Members of a f r a m e which supports small 
floor areas should be ade((uate to car ry possible 
heavy concentrations, or local loads more severe 
than the average. Girders support ing large areas, 
and posts may be designed f o r average loads 10 
per cent to 25 per cent less than local loads. Col ­
umns ca r ry ing more than one floor may have the 
l ive loads sti l l f u r t h e r reduced. The bu i ld ing codes 
of cities usually recognize the correctness o f this 
principle and specify defini te reductions. I t is not 
applicable to warehouses and buildings which may 
be f u l l y loaded in al l stories. 

F o r the structural floor and roof filling o f a steel-
f r a m e d bui ld ing , a wide variety o f materials and 
combinations are available. Where the structure is 
not fireproof, wooden plank may be u.sed and is 

cheapest and lightest. F o r fireproof bui ldings, 
burned clay products were, unt i l recently, used 
almost ent irely. B r i ck arches w i t h cinder or cinder 
concrete filling were common in warehouses and 
other heavily loaded buildings. Specially shaped 
skewbacks to rest on the lower flanges o f beams and 
protect them f r o m fire beneath the flanges were 
provided. Terra-cotta segmental arches were s imi­
lar to those of brick, but l ighter. These are rarely 
seen today in new construction. W h e r e flat plas­
tered ceilings are required, terra-cotta flat arches, 
w i t h their skewbacks and flange protect ion, were 
used in office buildings, apartments and s imilar 
structures and are st i l l used to some extent. 

Reinforced concrete has very largely taken the 
place of br ick and terra-cotta segmental arches, and 
is o f t e n used in such structures as office bui ldings. 
'I'he slab is placed at the upper flange level, avoiding 
the expense o f filling and its weight. The concrete 
protect ion is extended d o w n the sides and beneath 
the beams. Plastered ceilings may be hung below. 

I n plastered buildings, flat ceilings w i t h long 
spans may be obtained economically by using terra­
cotta par t i t ion tile in combination w i t h re inforced 
concrete. I n this tyj)e o f floor, the tiles. 12 inches 
wide and of the necessary depth, are laid on f o r m s 
w i t h spaces o f 4 inches or more between rows, f o r 
concrete and steel r e in fo rc ing . Usual ly concrete is 
placed over the tiles. The terra-cotta is ut i l ized as 
a permanent f o r m f o r the concrete and a support 
f o r the plaster ceil ing. Except that one wa l l o f the 
t i le , when so placed that joints are staggered, may 
be used to assist the concrete i n shear, the terra­
cotta serves no s t ructural purpose. T h i s type o f 
floor construction is employed i n spans up to 25 or 
26 feet i n schools, hospitals and other fireproof 
buildings where loads are comparatively l ight . The 
concrete ribs may r t in in one direct ion, when the 
openings in the par t i t ion tile are stopped only at the 
ends o f the span, or they may run i n t w o directions, 
the floor panel supported on f o u r sides. 

Gypsum, o r plaster o f Paris, t reated to re tard the 
set, and sometimes mixed w i t h wood chips, has 
f o u n d use recently i n the roofs and floors o f steel-
f r ame buildings. I t is placed i n f o r m s and re in­
forced as is re inforced concrete, but hav ing consid­
erably less strength than concrete, must be thicker. 
I t s advantage is that i t weighs only about one-third 
as much as stone concrete and hardens much faster. 
I n roofs , its proper ty o f heat insulat ion is some­
times of great value. I t usually costs more than 
concrete, though the saving i n steel, due to reduced 
dead weight , par t ly i f not who l ly compensates f o r 
the added cost of the floor itself. Bo th gypsum and 
concrete are made into slabs or tiles and sold by a 
number o f concerns f o r roof and floor decking. 
They are usefu l i n non-combustible bui ld ings where 
the steel is not fireproofed. Cast and hardened be­
f o r e erection, they are placed rap id ly , and t ime is 
saved by their use as compared w i t h the use o f 
re inforced concrete. 



Fire Prevention and Protection for Industrial Buildings 
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A M O N G the more important elements wh ich 
must be considered in the planning o f fac­
tory and warehouse buildings are the struc­

tura l and mechanical provisions f o r the protection of 
l i f e and property against loss by fire. I t is the pur­
pose o f this article to indicate the more impor tant 
elements which receive consideration and the sources 
of i n f o r m a t i o n and technical service which the 
architect w i l l find available in developing the various 
factors of fire protection f o r any bu i ld ing project 
wh ich he may be planning. I n another article in 
i l i is issue of T H E A R C H I T E C T U R A L F O R U M w i l l be 

f o u n d a description of various organizations fo rmed 
f o r the purpose of p romot ing a better knowledge o f 
insurance engineering, together w i t h a bibliography 
of important codes, standards and authori tat ive tech­
nical l i terature. The architect is advi.sed to read the 
article as a source of reference to every problem i n ­
volved under this consideration. Meanwhi le , i t is 
important to note that there are several sources f r o m 
which dependable technical advice may be obtained 
wi thout cost to the client, and which w i l l result not 
only i n great ly increasing the factor of safety but 
w i l l probably br ing about a drastic reduction in the 
insurance rat ing, f o r both the bu i ld ing and its con­
tents. 

Fo rms of Insurance 

I n general, there are t w o methods under which 
fire insurance is carried on an industr ia l bui ld ing . 
The first o f these is the regular fire insurance pol icy 
in an established fire insurance company (stock com­
p a n y ) , and the .second type of insurance is carried 
in what is kno-wTi as a " m u t u a l " company, in which 
the r a t ing is in accordance w i t h experience, and is 
subject to rebate a f te r losses have been paid f o r the 
year and the expense o f adminis ter ing the company's 
business has been met. T h e first point , therefore, 
is to determine w i t h what fire insurance company or 
type o f company the client intends to place his i n ­
surance. I f the insurance is to be placed w i t h a 
stock company, this w i l l unquestionably be done 
th rough a large agent o r insurance broker. Several 
such organizations maintain well organized insur­
ance engineering departments, wh ich w i l l co-operate 
direct ly w i t h the architect and the owner, usually 
w i t h no charge except an agreement to place the 
insurance w i t h the co-operating organization. W h e n 
such arrangements are to be made, the architect w i l l 
find i t h igh ly advantageous to call upon the engineer­
ing department of the owner's insurance representa­
tive to check over plans and .specifications and to 
make suggestions tending to increa.se safety and re­
duce rates. I f the insurance is to be placed through 
a mutua l company, a similar .service w i l l be f o u n d 
available, as i t is an impor tant f u n c t i o n o f such an 

organization to reduce hazards wherever possible in 
risks carr ied by member manufacturers . I n add i ­
t ion to these sources o f advice, a number o f the 
larger fire insurance companies maintain insurance 
( • i i i ; i i K c r i n g departments, and there are also such 
sources o f i n fo rma t ion as local ra t ing bureaus, the 
Nat iona l Boa rd o f F i r e Underwr i t e r s , and others 
mentioned in another article in this issue. 

R a t i n g Schedules as Guides 

I n the establishment of insurance rates, the rate 
of p r emium is standardized as the amount o f money 
charged by the insurer f o r each $100 of the amount 
of insurance indemni ty contracted f o r . Th i s rate is 
i n effect established by the amount of risks under­
taken by the insurer as based on past experience and 
statistics gathered d u r i n g years o f painstaking re­
search. Na tu ra l ly , the greater the r isk the higher 
the p remium w i l l be, and i t is a policy of insurance 
intere.sts to encourage all efiPorts on the part o f the 
owner to safeguard his plant against losses. I n es­
tablishing the rate o f insurance the method com­
monly fo l lowed is k n o w n as schedule rat ing. A 
basic rate has been established f o r the class o f risk, 
and a schedule established which adds to or subtracts 
f r o m this rate in accordance w i t h local hazards and 
structural and protective measures taken by the 
owner to guard against a fire loss. There are sev­
eral ra t ing schedules commonly used, inc luding the 
Universal Mercant i le Schedule, the M a n u f a c t u r i n g 
Schedules, and the Dean Schedules, a l l somewhat 
similar in their methods o f operation. 

I t has been said that a properly drawn ra t ing 
schedule is a convenient and effective expression o f 
the v iew of underwri ters at large upon standards in 
materials, construction and protection, and is, there­
fo re , a guide to architects and builders who desire 
to f o l l o w the best methods of fire prevention. I t 
is also educational to the public, and has f requent ly 
to our knowledge influenced the adoption o f better 
bui ld ing laws, f o l l o w i n g the principles laid dow-n in 
the schedule. I t seems, therefore, that such a sys­
tem should be considered a most important al ly, and 
almost indispensable to the other and, perhaps, better 
known branches o f scientific fire prevention, repre­
senting as i t must the best thought of all who are 
interested i n that subject, whatever may be the i r 
profession. I t is obvious that these schedules i n ­
clude a large number o f allowances and changes, 
and that w i t h these as a guide the architect may i n ­
corporate i n his plans and specifications many points 
wh ich w i l l be immediately recognized by the local 
ra t ing bureau. Copies o f such schedules are obtain­
able through insurance companies, agents and brok­
ers or representatives o f mutua l fire insurance 
companies. 
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T h e i m p o r t a n c e o f P ro t ec t i ve Measures 

F o r full details of structural safeg^uards and fire 
protection equipment covering all types of buildings, 
architects are referred to two handbooks: "Fire 
Prevention and F ire Protection" (Fre i tag) , and 
"The Crosby-Fiske-Forster Handbook of F i re Pro­
tection." Some of the more important problems af­
fecting the planning and equipment of industrial 
buildings will be discussed here, but the architect on 
his individual project is advised to follow the clause 
already recorded, in asking the co-operation of in­
surance engineers and in obtaining information and 
data on his special problems directly from authori­
tative sources of information. The problem of fire 
j)r(itection in industrial plants divides itself naturrdly 
into four parts: First , preventing the origin of fire, 
and providing for extinguishing it at the point of 
origin. Second, to prevent the rapid spread of fire 
through large unprotected areas of floor si)ace. 
Third , to prevent the spread of fire from floor to 
floor rhrdiijjh unprotected vertical openinos. such as 
stair and elevator shafts, conveyers, etc. Fourth, to 
prevent the entrance of fire into the building through 
exterior openings facing or over nearby buildings 
which constitute a menace as exterior exposure 
h.-izards. 

D i v i d i n g F l o o r Areas f o r Safe ty 

The National Board of F ire Underwriters has 
established a limit of areas which are to be enclosed 
within fire walls properly equipped with fire doors 
in (iriler m check the rapid spread of fires. This sub­
division of flitor areas serves to hold the fire closely 
to the ])nint of origin, prevents .strong drafts, and 
aids materially in the work of extingui.shing. In 
Gstabli>hing these limitations of areas, which are 
sometimes re<|uired by local building codes and al­
ways by insurance interests, it is primarily a prob­
lem of the original design of the building and should 
be considered as one of the factors influencing the 
architect's work. The building cf)de of the National 
Wir.iv] (if I'irc I •ndcrw r i i c r - i)rnvi(le- Icr .•illo\vaI>lc 
floor areas in accordance with the tabulations on this 
pa^e covering various types of buildings: 

Xon-firtprooi Constructicin— 
(a ) Ttncnicnt hou.scs. 3()0() scjuarc feet. 
(b) other ordinary noii-fircproof huilcliiiKs. luiKl't 

not cxceedinif 55 feet. 
Willi sprinklers, 

Without incrcjisc i)f 
Fr. lining on sprinklers 66% per cent. 

One street 5.000 sq. ft. 8.333 sq. ft. 
Two streets 6.000 " " 10.000 " " 
Three or more streets 7.500 " " 12.500 " " 

(c) Mill corLstructinn buildings, height limit 65 and 
75 feet. 

Without 
Fr-mtingon sprinklers 

One street 6.500 sq. ft. 
Two streets 8.000 " 
Three or more streets 10.000 " " 

With sprinklers, 
increase of 
100 per cent. 

13.000 sq. It . 
16.0(H) " " 
20.000 " " 

Fireproof Construction— 
(a) All buildings of Clas.ses A. B, C and D 1 No restrictions 

Light and power stations [as to 
Ollice buildings area. 

(b) .Ml ntber biiildinKS not exceeding 65 feet in height. 

With sprinklers. 
Without increase of 

Fronting on sprinklers 66% per cent. 
One .street 10.000 sq. ft. 16.666 .sq. ft. 
Two streets 12.000 " 20,000 " " 
Three or more .streets 15,000 " " 25,000 " " 

(c) Stores, warehouses, factories and workshops not 
exceeding 85 feet, and other buildings not ex­
ceeding 125 feet in height. 

With sj)rinkK'rs. 
Without increase of 

Fronting on sprinklers 50 per cent. 
One street 7.500 sq. ft. 11.250 sq. ft. 
Two streets 10,000 " " 15.000 " " 
Three or more streets 12.500 " " 18.750 " " 

(d) The first floor only of any fireproof building occu­
pied as a store may have an area of 20.00(J square 
feet, and if fully pmtected by approved automatic 
sprinklers may be increa.sed 50 ] X T cent, or have 
.1 maximum area of 30.000 square feet. 

X M T I : Aili-Mtion is dinrlt'd lo a document entitled ".Allow­
able Heights and .\reas for Factory Buildings." distributed 
by the National Board of Fire I'nderwriters. 

Interesting extracts froui the National Board 
Building Code relative to slow-burning construction 
specifications call for fire walls of brick, and brick 
laid in Portland cement mortar, or reinforced con-
crcic. Xdn-licaring walls shall be not less than 16 
inches thick in upper four stories or upper 50 feet, 
increasing 4 inches for each two stories or fraction 
thereof below. No such two-.story increment shall 
exceed 30 feet in height. Parapets are to be full 
thickness of wall, extend at least 3 feet above the 
roof ai .all points, and to be coped with durable ma-
teri.al. No timbers let in from opposite sides of 
wall are to have less than 8 inches of solid masonry 
sep.aration. .\11 openings in walls are to be pro­
tected with approved fire doors on each side of the 
wall. Mill construclion building heights are lim­
ited to 65 feet from curb to roof. Th i s same code 
provides vertical openings in brick or reinforced 
concrete shafts with minimum thickness of 12 inches 
and 8 inches respectively, j)arapeted 3 feet above the 
roof and with openings protected by fire doors. 

The vertical openings in a factory which should 
receive i)rimary consideration include elevator 
shafts, and emergency exits such as smokeproof 
towers. The .smokeproof tower is a })articularly 
favored means of egress in case of fire, and has the 
jirimary advantages of forming a cut-off fire and 
smokeproof stair .shaft to which em])Ioyes become 
accustomed by constant use as a means of floor to 
floor comnumication. and tlic use of which in case of 
fire does not develop that form of nervous panic 
which is customary where outside fire escapes are 
used. T h i s shaft can also serve as a safe location 
for the standpipe of a private or public fire protec­
tion water supply and a factor of vital importance. 
In the c(uisiruction of the smokeproof tower there 
are essential features of the siux-ihcations: 
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IValls' T o h; l)r ick. concrete or 
tile, and to be self-support ing ex­
cept in fire-resisting buildings. T o 
have no openings exc(]iv to out­
side o f bui lding. 

Stairs and Landings: P re fe r ­
ably non-combustible. No w i n d ­
ers to be installed. Stairs to be 
not less than 44 inches wide. 
Landings to be at least as dee]) as 
the stairs are wide, except at the 
door landings, where depth shall 
be 1 foot additional. 

Doors: Doors to swing into shaft , except at point 
o f exit where they should swing ou tward . Doors 
to be hinged upon the down side w a l l , so as to 
swing w i t h the travel. N o locks whatsoever shall 
he placed upon tower doors. Doors to vestibules or 
balconies may be locked by bolts on inside, so ar­
ranged as to be easily operated. N o padlocks re-
( ju i r ing keys to be allowed. 

Balconies and I'cslihiilcs: Floors to be non-com­
bustible and to be solid. Rails to be not less than 
3 feet. 6 inches high. W i d t h o f ] ) l a t fo rm to be at 
least 44 inches. 

Illtiuiinalion: A separate c i rcui t f r o m switch­
board to supply each tower, and wires to be carried 
i n conduit f r o m switchboard to the tower. L igh t s 
to be provided in each story, and preferably so ar­
ranged that all lights can l)e turned on f r o m switches 
placed in tower near doors, and in bu i ld ing near the 
doors at entrance to balconies or vestibules. The 
sign " F i r e E.scape L i g h t s " should be painted on the 
wal l near the switches in the bui ld ing . 

Where st.iirs are located in fireproof .shafts d i ­
rectly connected to the bui ld ing, it is quite possible 
they w i l l be useless in case o f fire above any point 
where a door may be l e f t open. Th i s f o r m of exi t 
is generally used, however, in fac tory buildini.;s. 
and essential features to be considered f o r inside 
stairs o f this nature include: 

Doors should swing w i t h the travel or slide 
across it. 

Stairs should be broad, easy and free f r o m 
winders. 

Continuous rail ings should be provided on 
both sides of st.airs. 

Vent i la tor o f liberal area should be placed on 
roof to car ry o f f smoke which may enter 
the shaft . 

I n many locations, stairs should be carried 
to roof . 

I n any ca.se. stair enclo.sures should take the f o r m 
of a shaf t rather than be individual f o r each flight 
o f stairs, as in this manner a f a i r means of escape 
w i l l i>e ])rovidcd. A l l elevator shafts should be con­
structed according to the be.st practice of fire pro­
tection, and should be arranged w i t h .solid w.alls 
and fire doors o f a type wh ich w i i l be described in 
later paragraphs. I f the elevator is operated by 
electric power, great care should be taken to safe-

n.issificalion of Avriilalile Approved Fire Doors and Shiiltcrs liy ForiiiN 
I'sed and by Suitability to Differriil Situ.-itioiis 

in Wliich Cc'nitiiimly 

Column 1 2 3 4 s 6 7 8 9 in 

Fire Doors and .Shutters Class Class Class Class Class Class 
I'orms in \ liicli A B B C D E 
CI>iinii(inly nscil Corri­ Severe Mrxlerate 

Counter Eleva­ .Stair dors & Exter­ Exterior 
Tyjic of Slid- .SwinK- ha\- Fire tor l-'nclii- Parti­ ior Ex­ Fxiio-

Line C'cristruction ini{ itiK anced Walls Shafts .sure.s tions posure snre 
I Tin-tlad. .̂ -ply A.G.2 A.G.2 A.N A,G.2 A . G A , G . \ . . \ A . G A.N 
2 Tin-clad. 2-ply. . . . A.(;.4 A . G . \ . \ U A.G.2 A,G.3 A.G.3 A . G . l A.G.3 
.5 Sheet metal .X.ti.l A . G . I u A . G . ] A.GJ A . G A.N A . G . l A.G.2* 
4 Solid .steel A . C . I A . G . J u A.G,3 A . G A.G,2 A . N A,G.2 A.G..1 
.S Rolling steel 11 li A .G A . G A . C . J U N A.G.2 A.G,2* 
6 Hollow .steel u A . G . I U A.G.4 A . n A.G.I A . G . l U U 
7 Counterl)alaneed 

A.G.4 
A , r , , i B R R li 

R R A.G U 
A , r , , i R R li 

8 Metal-clad U A . G U U A , G A , G A.G,2 I" V 

* .Metal fi nine, wire glass window is (irsi choice. 

guard the current supply against in ter rupt ion in case 
of fire. ( See N . F . P . A . i)ublications f o r methods, i 

F o r the protection o f openings in fire walls many 
types o f fire doors have been developed. The best 
practice f o r the architect is to f)btain f r o m the 
U n d e r w r i t e r s ' Laboratories a report of tests on 
various types o f fire doors, which w i l l indicate the 
marg in of safety provided. The Nat ional Board o f 
h'ire Unde rwr i t e r s has a booklet entitled "Protec­
t ion o f W a l l Openings." which deals w i t h the in.stal-
lation o f fire doors, shutters and wire glass w i n ­
dows, and explains ihe difTerent types of door con-
.struction permit ted in different situations. As .i 
matter o f reference the authors of the "Croshy-
Fiske-Forster Handbook of Fire Protec t ion" have 
originated a tabular f o r m g iv ing approved type^ ,,r 
protective coverings f o r various situations and ind i ­
cating their opinion of the range o f good jiractice 
and o f what is the best o rd inary practice. This 
chart is prinle<l herewith , and in t h i - ci-nnection 
these lettered syniliols may be no ted : 

A. .Approved fnr use in situation shown. 
B. Barred for use in situation shown, on account of 

<!i'siyn. 
l i . (i(H)d practice to use in situation .shown. 
N. Not good practice to u;e in situalicms shnwn. 
U . Unapproved or unsuitable for use in situation shown. 
This tabulation should l>e interpreted thus: 

a. Classes A to E are those of the National Board ot 
Fire Underwriters, appearing in the rules on "Protec-

of Wal l 0])enings." 
b. Types of construction of doors and sbuUers are those 

approved by the Underwriters' Lalx)ratories. 
c. Form in which comruonly used indicates which types 

of construction are found in form of sliding, swing­
ing, and counterbalanced doors. Except in the case 
of rolling shutters, all types of construction could he. 
made in all three ways. 

d. Through the medium of letters and figures, the authors 
have indicated what is approved, unapproved, and un­
suitable for use. what constitutes good practice, and 
what, in the opinion of the authors, is the very \<r<\ 
practice in each situation. 

e. I t is to be noted, of course, that in time changes may 
he made in practice, as. for example, hollow metal 
doors used in sliding and counterbalanced form. There 
may have been some instances of doors Ix-ing used in 
forms not indicated in tabulation, hut talmlaii.m 
is intended to show well estalilished i>r;n-tice. 

The term "counterbalanced" technically does not apply 
to a rolling shutter, althoujjh such shutter is counterbal­
anced by springs. Vertically counterbalanced doors (iil>-
jcctionable from an accident hazard and blocking exit 
standpoint) and elevator doors counii-rbalanced nn each 
other are both included in the tabulation under the heading 
of "counterbalanced." 
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A n impor tan t con t r ibu t ing element to the fire 
hazard in industr ial buildings is the expo.sure 
hazard which involves protective measures against 
an immediately adjacent risk, a hazard wh ich is 
considered i n insurance ra t ing and charged f o r i n 
accordance w i t h the protective measures employed. 
There is also to be considered protect ion against an 
extended conflagrat ion, and finally there is the com­
municat ion of flames f r o m one floor to another 
through exter ior openings. 

Everett U . Crosby has summarized the possible 
causes o f exposure fires t hus : "Exposure and con­
flagration possibilities f r o m grouped risks are due 
to fires extending f r o m one bu i ld ing to others i n 
v iew of the f o l l o w i n g cases: ( a ) fire in the i n d i ­
vidual r isk passing beyond c o n t r o l : ( b ) effect o f the 
size o f the risk, viz. . the amount o f combustible ma­
terial compris ing the bu i ld ing and contents subject to 
b u r n i n g at one t i m e ; ( c ) fire extending out through 
wal l openings and through r o o f s ; ( d ) fire entering 
through wa l l openings and through r o o f s ; ( e ) fire 
spreading, due to the f a l l i n g o f b u r n i n g rooms, 
floors, and contents; ( f ) fire spreading due to f a l l ­
ing walls o f a burn ing b u i l d i n g ; ( g ) influence o f 
street wid ths and open areas; ( h ) influence o f pre­
va i l ing w i n d s ; ( i ) the 'range' o f or t e r r i t o r y a f ­
fected by heat waves and fire b rands ; ( j ) adverse 
conditions of the weather or of the fire fac i l i t ies ." 

I f the proposed structure is located in an isolated 
posit ion, the exposure hazard is na tu ra l ly greatly 
decreased, and i t is unnecessary to take most pre­
cautions i n its regard. Otherwise, care should be 
taken to provide as f e w w i n d o w or door openings as 
possible i n close p r o x i m i t y to an exposure ri.sk. and 
to protect these openings w i t h w i r e glass, shut­
ters and even sprinklers so that there w i l l be l i t t le 
chance o f fire passing into the bu i ld ing . I n factory 
buildings i t is impor tant that all w indow frames 
and sash be o f an incombustible matter which w i l l 
serve to prevent the communicat ion o f exter ior fire 
or fire passing f r o m floor to floor. The most suc­
cessful t>-pes o f windows have frames, munt ins and 
sash made of variously shaped rolled steel .sections 
w i t h patented methods o f in te r locking the vertical 
and horizontal munt ins . W h e r e there is any ex­
posure hazard these windows are usually equipped 
w i t h w i r e d glass wh ich serves an important pu r -
po.se i n re tarding the entrance o f flames. F o r add i ­
tional protection i t is customary to instal l fire-
resisting shutters, o f wh ich there are several types, 
incl t id ing tin-covered shutters f o r wh ich standards 
have been developed by the National Board of F i r e 
U n d e r w r i t e r s and the U n d e r w r i t e r s ' Labora tor ies ; 
sheet i ron shutters, corrugated i ron shutters and 
ro l l ing steel shutters, o f wh ich the automatic type 
has been approved by the U n d e r w r i t e r s ' Labora ­
tories. These r o l l i n g steel shutters are par t icular ly 
valuable as they f o r m a fireproof cur ta in wh ich is 
automatically released i n case o f exposure fires and 
which have proved invaluable f o r this type o f p ro­
tection. Other t }^es o f w i n d o w frames and sash 

which might be mentioned include hol low sheet 
metal w indows and kalamein windows . A n o t h e r 
possible method o f protecting window openings is 
the use o f double-glassed sash having an air space 
of at least 1 inch between the sash, and this type o f 
sash is used where i t is probable that inflammable 
contents o f the bu i ld ing may be stored w i t h i n 3 feet 
of a w i n d o w , and serves to prevent the actual radia­
t ion o f heat sufficient to ignite such stored mater ia l . 
I n connection w i t h a l l w indow and door openings 
and in the protection o f vertical openings i t is i m ­
possible to stress too greatly the importance o f 
w i r e d glass, which has the advantages o f re taining 
its position under the eflfect o f great heat and pre­
vent ing rapid comnmnicat ion of fire and the open­
ing up o f channels and danger traps. 

I t is impossible to treat f u l l y the importance o f 
automatic sprinklers f o r use in reducing the fire 
hazards in indust r ia l buildings. I t is .sufficient to 
say that pract ical ly all industr ial buildings are 
e(|in'ppe<l w i t h automatic sprinklers, and that insur-
n i u c rates are reduced to a compar.ativc m i n i m u m in 
buildings which are completely s])rinklered. 

O f considerable importance in connection w i t h 
the water supply f o r fire protection is the question 
of standpipes, hose racks and roof nozzles. Acco rd ­
ing to Frei tag, the possible great value o f adequate 
standpipe installat ion and maintenance, especially 
in buildings o f considerable height, is seldom f u l l y 
appreciated by architect or owner. The provision 
of such protection is too of ten pe r func to ry , to cover 
some requirement in the local bui ld ing laws or some 
regulations o f the fire department rather than to 
provide and mainta in suitably a fire protection aux­
i l i a ry w h i c h is very l ike ly to prove o f the utmost 
importance. A proper and efficient standpipe equip-
nu-nt must sa t isfactor i ly cover many details which 
should not be relegated to any plumber in a hap­
hazard fashion, but should be most ca re fu l ly con­
sidered. Such details include location, capacity, 
water supply, valves and street connections, char­
acter o f hose racks and hose, roof nozzles f o r par­
t icular use under conflagrat ion conditions, or du r ing 
fire i n adjacent premises and. last but not least, some 
system o f adequate inspection and maintenance. 

The location o f standpipes should be in or ad ja ­
cent to stairway .shafts, so that they may be readily 
f o u n d and u.sed by either tenants or firemen, and 
they .should invar iab ly be located i n some chase or 
flue which w i l l protect them against possible i n j u r y 
by fire or f a l l i n g debris. Details as to size and 
capacity o f st.indpipes may be obtained f r o i r i various 
sources already mentioned, as may also adequate i n ­
fo rma t ion as to hose, hydrants and other equipment. 
The value o f other ])ipe service, especially i f 
equipped w i t h roof nozzles, is impor tan t i n connec­
t ion w i t h exposure fires. M a n y instances have been 
recalled where exposure fires have been prevented 
by the use o f a roof nozzle. F u l l recommendations 
f o r this equipment may be obtained f r o m the N a ­
t ional F i re Protection Association. 
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A T H O R O U G H treatment o f the subject of 
roof types and roof surfaces wou ld require 
the compilation o f a vast amount o f detail 

showing many ramificat ions o f modern practice. 
T o encompass this field in a br ie f space requires 
much el iminat ion and a rather cursory treatment o f 
the m a j o r problems involved i n roof design. The 
pr incipal points discussed are s t ructural types, roof 
materials and surfaces, condensation, and the pre­
vent ion o f leaks. 

The simplest f o r m of roof construction is a flat 
roof supported on beams, girders and columns. 
E i the r wood alone i n heavy m i l l construction, or 
wood beams on steel girders and columns, or a l l -
steel construction is used in this type. W o o d plank 
generally f o r m s the s tructural surface. Due to the 
many columns necessary to support an extensive 
roof o f this k ind , it is emjjloyed in industr ial w o r k 
mostly f o r small or temporary buildings or f o r 
warehouses in which the material to be stored does 
not require large, unobstructed floor areas. I t is, 
however, f requent ly used in ccmcrete construct ion 
of the beam and gi rder type. Flat .slab concrete con­
s t ruct ion is es.sentially the same structural ly . 

T o procure lonj^er spans between colunnis. trns<es 
of various types are employed, the commonest being 
the " . V " type, g iv ing a roof of distinct pitch i n two 
directions, and the H o w e truss, g iv ing a more or less 
flat roof . The " A " type truss is commonly used 
wi thout columns f o r spans up to 60 feet and oc­
casionally f o r greater widths, and is bui l t o f either 
wood or steel. The relatively sharp slope o f this 
roo f , when u.sed wi th monitors or other ventilators 
at the ridge, assists i n r idd ing a bui ld ing of heated 
a i r o r obnoxious fumes that are l ighter than air , as 
the gases rapidly seek the highest point and pass 
out through the openings provided. 

W h e r e high humid i ty must be maintained w i t h i n 
a bui ld ing, as i n many text i le mi l l s , and where con­
densation o f the moisture w i t h the result ing d r i p ­
p ing must be avoided, it is impor tant that there be 
no obstructions to the f ree passage of the air along 
the under side o f the pitched roof f r o m the low 
point to the ridge. Should the moisture-laden air 

be in ter rupted in its flow by a p u r l i n placed h o r i ­
zontally, f o r example, the air caught by the pocket 
thus f o r m e d w o u l d tend to give up its moisture due 
to the prolonged contact w i t h the cool r oo f . The 
water condensed at this point would d r i p f r o m the 
roof and p u r l i n , while the a i r a f t e r cooling wou ld 
tend to descend out o f the pocket to be replaced by 
more moisture-laden air, the process constantly re­
peating i tself . B y keeping the heated, moist a i r 
r ap id ly m o v i n g to the ridge and out o f the vent i ­
lators, much of the condensation is avoided un t i l the 
air is actually outside the bui ld ing . 

W h e n a structure o f considerable area is to be 
roofed , columns become necessary. T o combine a 
series o f " A " trusses w o u l d result in deep valleys 
over each r o w o f columns. Consequently, where 
long spans are required w i t h columns at relat ively 
remote intervals and when venti lat ion is not a 
p r i m a r y requirement, the H o w e truss or some one 
of its related types is used. Clear spans up to 80 
feet are common w i t h this truss, and greater widths 
can be bridged i f the cost is not too great a factor . 
A characteristic o f this type of f r a m i n g is that i t 
requires addit ional height in a bu i ld ing at the eaves 
i n order to accommodate the truss above the clear­
ance established f o r the lower chord. Roughly 
speaking, the height of a H o w e truss is one-eighth 
of its span ; hence f o r a 100-foot span the upper 
chord bearing the roof w o u l d be approximately 12 
feet above the lower chord. Th i s adds t o the cost 
of the w a l l construction, and it adds material ly to 
the cost o f heating and condi t ioning this extra v o l ­
ume of air . whenever such is necessary. 

Bo th the " A " truss and the H o w e truss are com­
monly surmounted by monitors which take various 
fo rms . The most f requent ly used moni tor consists 
of t w o parallel rows o f glass on either side o f the 
ridge, w i t h a pitched roof above them, the slopes o f 
the moni to r roof being approximately the same as 
f o r the main roo f . Sometimes a straight roof , 
|)itched to dra in i n one direct ion only, is employed 
on the moni tor . A var ia t ion o f this moni to r con­
sists i n having its roof surfaces pi tch d o w n w a r d to 
the center, f o r m i n g a V , the bottom o f which is 
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generally at the same level as the ridge o f the main 
roof . The purpose o f this reversed f o r m is to e l imi ­
nate any air ])iickel. and to assist in the ciuiiplele 
removal of moist air or undesirable fumes. .\s w i l l 
be noted, this k i n d of mcmitor places the windows at 
the highest ])oint. A modif ica t ion o f this k ind o f 
moni to r is fo rmed by cont inuing one surface o f a 
pitched roof beyond and above the ridge f o r a short 
distance, and connecting this false ridge w i t h the 
other roof surface by means o f glass sash set at a 
slope o f approximately 3 inches to the foo t away 
f r o m the vert ical . The result ing moni to r is thus 
one-sided, combining the characteristics of a saw­
tooth roof w i t h an * ' A " truss f r a m i n g . The glass 
i n these monitors is generally faced only to the 
noi-th as in sawtooth buildings to eliminate sun glare 
and heat, but sometimes i t is placed i n al ternat ing 
directions in every other bay wi thout regard to com­
pass points. I n this ca.se the func t ion of the mon i ­
tors is p r imar i l y that o f venti lators. 

The "high and low bay" roo f is usefu l where long 
spans are desired w i t h moni tor l ight ing , i n this 
type, the bui ld ing is spaimed crosswise w i t h a series 
of flat or H o w e trusses spaced at regular intervals. 
Bei j inning at one end o f the bu i ld ing the roof is 
placed at the level o f the bot tom chords. The roof 
between the first and .second truss is at the level o f 
the top ch(ird> and rests upon them. The roof be­
tween the second and t h i r d truss is again placed 
down at the bot tom chord, and so on down the 
length o f the bui ld ing . The vertical faces of each 
truss carry vent i la t ing or r i g i d steel sash, so that 
every other pair o f trusses constitutes a mon i to r 
w i t h glass sides. B y this simple scheme the depth 
of a Plowe truss is uti l ized w i t h a m i n i m u m of 

T h r e e - b a y M o n i t o r T y p e , w i t h C r a n e R a i l a n d S i d e A i s l e s a n d B a l c o n i e s , for F o r g e 
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waste space requir ing heating and air condit ioning. 
Mon i to r s may func t ion both as ventilators and 

skylights. Under certain conditions the aihnission 
of direct rays of the sun through moni tors is objec­
tionable because the i l lumina t ion o f the inter ior is 
very "contra.sty," w i t h br ight , sunny spots and dark 
shadows. Fur thermore , skylights admi t t i ng the sun's 
rays act as greenhouses; that is. the heat of the .sun 
C i l l e r s , which is o f t en undesirable, especially in sum­
mer antl in plants that are otherwise overheated. 
T o overcome these objections, sawtooth roofs are 
u.sed, consisting o f a series o f parallel skylights 
fac ing the nor th , and hav ing the glass so placed as 
to receive none of the direct rays o f the sun. The 
glass may be placed vert ical ly, but a greater l igh t ing 
efficiency results f r o m sloping the glass to the angle 
corresponding to the deviation o f the sun f r o m the 
meridian at the sununer solstice. 

Sawtooth roofs are constructed entirely of wood 
or may be entirely f ramed w i t h steel or concrete, 
( i i ' i i e ra l l ) each \.alle\- is sujjported by a r o w of co l ­
umns si)aced f r o m 16 to 25 feet apart, t l iougl i 
greater s])acing may be obtained w i t h ord inary I -
i irams o f sufficient depth. T o get long spans several 
methods are employed. A H o w e truss may be used 
in back of the glass in a peri)endicular posit ion f r o m 
the peak of the skyl ight or sloped to correspond w i t h 
the angle o f the glass. O w i n g to the depth required 
fo r this truss it is practical)le only up to 60 or 70 
feet. The use o f a H o w e truss transversely to the 
sawteeth and beneath them permits o f somewhat 
longer spans, but the cost is greatly increased. T h i s 

li ,cau-e ihc truss re(|uires f r o m 8 to 12 feet o f 
extra height to the bui ld ing, and f r o m 8 to 12 cubic 
feet o f wasted space to be heated and conditioned 

f o r every square foo t o f 
floor area. 

A n economical method 
of f r a m i n g sawtooth 
roofs w i thou t colunms 
has been developed and 
jiatented I)\ the wri ter and 
is called "Super-Span" 
construction. The system 
employs both longitudinal 
and transverse trusses. I n 
hack o f the glass is an 
ord inary truss as jus t de-
.scribed, which supports 
the roof longi tudina l ly f o r 
distances up to 60 or 65 
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feet. These trusses in t u rn 
are supported (at 60- foot i n ­
tervals) by a heavier trans­
verse truss, whose bot tom 
i l i i . rd is at the same level as 
the valleys and whose top 
chord extends outside the 
"sawteeth" connecting their 
peaks one to the other, the 
s t ructural members o f the 
-ky l igh l s becoming the struts 
and braces. I t is somewhat 
like an ord inary bridge t i i iss 
except that the angles of the 
web members are not equal 
i n each pair. Reference to 
the accompanying i l lustra­
t ion w i l l c l a r i f y this point . 
\ \ i ih ihis system of f r a m ­
ing, spans of 100 feet in 
w i d t h (transversely to the 
skyl ights) and o f any length 
whatever are constructed at 
n n l y s l ightly greater cost 
( f o r the bu i ld ing as a 
whole) than fo r a sawtooth 
roof sujjported on columns under each valley. I f 
widths greater than 100 feet are to be roofed, a 
r o w of columns about 60 feet apart is required f o r 
each addit ional 100 feet, g iv ing a column spacing 
of 60 X 100 feet. 

A f o u r t h k ind of roof f r a m i n g is the wood or 
steel truss of arch f o r m , suitable f o r spans o f con­
siderable length where very l ight roof loads are to 
be carr ied. They are frequently used f o r garages or 
small armories, but when bu i l t o f wood are not 
highly considered by fire protection engineers on 
account of the small dimension lumber used to bu i ld 
up their lattice webs and laminated chords. T w o 
Iv pes may be distinguished, the first consisting o f a 
curved truss bui l t up o f wood, in which the upper 
and lower chords are both arched and are nearly 
parallel to each other. The web members are placed 

I n t e r i o r of A r d r o s s W o r s t e d C o . W e a v e S h e d , P h i l a d e l p h i a 
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mtich the same as i n a H o w e truss. A steel or i ron 
rod i n tension connects the ends o f this truss l ike the 
s t r ing to a bow. and takes care of the thrus t o f the 
roof . The usual spans f o r this roof range f r o m 60 
to 100 feet. The second type, which is generally 
bui l t up of laminaied unod members, has an arched 
upper chord and a flat lower chord, the whole f o r m ­
ing the segment o f a circle. The latticed web mem­
bers of this truss are arranged according to a rather 
complex .system, and several effective methods o f 
construction are control led by patents. Spans as 
great as 100 feet have been bridged occasionally 
w i t h these segmental trusses. 

Skyl ights are used on al l types o f roofs , some­
times even in conjunct ion w i t h monitors . There are 
two kinds—those that have their glass near to and 
parallel w i t h the roof surface, called " f l u s h " sky-

l l 
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l ights, and those having their glass in various ar­
rangements on frames extending well above the roof 
surface, called "s tanding" skylights. Flush skylights 
are used principal ly on pitched roofs of distinct slope 
where their shallow frames are not l ikely to be flooded, 
and func t ion almost entirely as windows rather than 
as ventilators. Standing skylights take many fonns . 
but very commonly have tops shaped l ike a h ip roof 
w i t h plain or r ibbed glass held i n l ight metal or 
wood f r a m i n g . The sides of the skyl ight may be 
o f glass or metal, but very f requent ly have venti lat­
ing .sash like that used in monitors . W h e n vent i ­
la t ing sash is not used other f o r m s of ventilators 
are employed, as these skylights are mostly used 
over elevator and stair wells or l ight courts through 
which w a r m and f o u l a i r ri.ses and is removed. 

T u r n i n g now f r o m roo f structure to the mate­
rials of construction, we face an even broader field. 
F i r s t to be considered are the materials u.sed f o r 
the structural roof i t se l f—the substances used to 
span the spaces between trusses or pur l ins , on 
which the upper waterproof surface is placed. 
W o o d plank is largely used because i t is inexpensive 
and is a f a i r l y good non-conductor o f heat and 
therefore helps to reduce the heat loss f r o m the 
bu i ld ing and to minimize condensation on the under 
surface. I t is objectionable in .several ways, how­
ever, the pr incipal disadvantages being that it w i l l 
rot , and that i t is combustible. The tendency to 
decay may be counteracted by various chemical 
treatments, some o f w h i c h are sufficiently inex­
pensive to war ran t the i r use. W o o d may be used 
in the presence o f many chemical fumes that wou ld 
destroy metal or masonry construction. Concrete 

is much used f o r s t ructural 
roofs where the rest o f the 
bui ld ing is o f concrete. I t 
has many merits, par t icu­
la r ly f o r roofs o f flat p i tch . 
Var ious systems of con­
struct ion are used, employ­
ing gypstim ti le , metal t i le , 
burned clay tile and the l ike , 
or using o rd ina ry beam and 
gi rder or flat-slab construc­
t ion . Concrete requires 
some insti lat ing layer to pre­
vent excessiA'e condensation 
under certain conditions. 
Gypsum in various f o r m s is 
coming in to wide use be­
cause i t is a non-conductor 
of heat and therefore re­
duces condensation to a 
m i n i m u m . I n this respect i t 
is about as effective as wood . 
Gypsum is non-combustible, 
permanent, and of l ight 
weight, and is easily handled. 
Except under acid condi­
tions, g}'psum is generally 

preferable to wood plank and co.sts but l i t t le more. 

There are several methods o f l ay ing a gypsum 
roof . One method employs a roof t i le or small slab 
set in angle irons or inverted T's . Ano the r uses a 
much larger slab o f gypsum containing suitable re­
inforcement . A t h i r d uses a s t i f f gypsum board 
resembling a prepared plaster board which is rested 
on i ron f r a m e w o r k o f the type used to support 
gypsum slabs. R e i n f o r c i n g steel is placed above 
this board, and then a g}'psum cement is poured 
over the whole, the board acting as a f o r m that is 
l e f t i n place. A similar method uses a temporary 
wood f o r m as f o r flat-slab concrete work , w i t h l igh t 
I-beams at proper intervals. Gypsum cement is 
poured over w i r e r e in fo rc ing as i n the last case. 

There are a number o f substances which not only 
f o r m the s tructural roof surfaces but also have 
suitable weatherproof surfaces which are used w i t h ­
out top membranes or other surface treatments. 
Commonest among these is corrugated galvanized 
i ron , wh ich is much used f o r l o w cost temporary 
structures. I t is probably the lowest i n first cost o f 
any roof ing mater ia l . I ts use is l imi ted by the fac t 
that it w i l l rust in t ime, that i t is attacked by many 
gases and chemical fumes, and that it is an excel­
lent conductor of heat. This last characteristic con­
notes that much heat is lost th rough the roo f i n 
wi i iU r and that it w i l l be unduly hot i n summer sun­
shine, and fu r the rmore that under humid conditions 
moisture w i l l rapidly condense on its under surface 
on cool days. T o overcome the deterioration o f 
galvanized i ron and yet retain its relative economy 
and s impl ic i ty , i t now comes w i t h both surfaces 
(and even the edges) covered by one or more layers 
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o f asbestos paper firmly cemented to the metal. A 
great improvement i n the l i f e and usefulness o f the 
material has been achieved by this process, although 
the conductivi ty has not been lessened sufficiently 
to eliminate this fac tor . 

Corrugated asbestos or even plain asbestos .sheets 
are used i n much the same manner. T h i s material 
is less subject to deterioration even when exposed 
to many chemical fumes. I t has low heat conduc­
t i v i t y and is therefore less liable to permit condensa­
t ion , a l though the thinness o f the sheets does not 
a t l o r d sufficient insulation when there is any very 
great dilTerence in temperatures to be combated. 

Corrugated zinc is now being placed on the mar­
ket and offers certain merits use fu l in special cases. 
Zinc w i l l not rust, and therefore a roo f o f this ma­
terial w i l l have a high salvage value, suggesting its 
use f o r buildings of only a semi-permanent nature. 
I t has a low mel t ing point and w o u l d be destroyed 
by a fire in close contact w i t h i t . I t w i l l resist cor­
rosion o f some fumes, but is readily attacked by 
other chemicals. L i k e i r o n roof ing , i t is highly 

•conductive. 

Corrugated wi re glass is s imilar to the types o f 
material jus t mentioned, hav ing aside f r o m its 
translucency the qualities of permanence and re­
sistance to practically a l l f o r m s o f corrosion. I f 
securing daylight were the pr ime requisite o f a 
structure, there is no reason w h y the entire bui ld ing 
might not be made o f glass supported on a steel 
f r a m e w o r k . The disadvantages o f glass are its 
high conduct ivi ty , its weight, and its brittleness. 
Tho t igh wi re glass w i l l not shatter under an impact, 
the cracks that result w i l l admi t water unless ce­
mented. The motion o f a bu i ld ing , due to tempera-

D e t a i l of V - S t i a p e d M o n i t o r R o o f , S h o w i n g D r a i n a g e a n d 
C e m e n t T i l e C o v e r i n g 

ture changes, w i n d pressure, or internal stresses, 
requires a flexible setting f o r the glass, w h i c h is 
now entirely practicable. 

Concrete tile o f f a i r l y large dimensions are now 
on the market and may be used alone direct ly on the 
steel channels whenever a ir leakage and conden.sa-
t ion are not factors , as in boiler houses and f o u n ­
dries. They are adapted only to steep pi tch roofs , 
but require no f u r t h e r sur fac ing . W o o d , concrete, 
and gypsum roofs require the protection of a 
wate rproof or rain-shedding surface material to 
give satisfactory results. O n roofs o f steep pi tch, 
materials that w i l l shed water are sufficient, while 
on flat or low pi tch roofs a waterproof membrane 
must be constructed, on which water can stand. 

Shingles, slate, and tile are the pr incipal water-
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shedding materials, depending on their overlap and 
the pitch o f the roof to prevent ra in f r o m penetrat­
ing . Shingles o f wood are now seldom used, bu t 
prepared shingles o f fe l t paper, o f f e l t w i t h a stone 
surface, and of asbestos cement are commonly em­
ployed in industr ia l construction. Choice depends 
on the factors o f co.st. permanence, fire resistance, 
and api^earance per ta ining to any given problem. 
Slate and t i le are somewhat heavier materials, hav­
i n g s imi lar qualities, w i t h l ike fac tors governing 
their choice. 

^Metals are also used on roofs o f steep pi tch, cop­
per, t i n . and zinc being the materials most employed. 
The metal sheets are cr imped together at the edges 
and are soldered at a l l flat seams. T h e vert ical 
seams are f re t iuent ly l e f t standing. Copper pos­
sesses ideal permanence under most conditions, its 
use being restricted largely by the expense. T i n is 
the least expensive in first cost, but recjuires regular 
paintin;; to protect it f r o m corrosion. Zinc is cpn'te 
new to this purpose, but it appears to have a jdace 
between copj)er and t i n , and w i l l doubtless prove 
sat isfactory when i ts possibilities and l imitat ions are 
thoroughly understood. 

F la t roofs or roofs having valleys where water 
may collect, as in sawtooth buildings. re(piire that 
the roof surfaces be made absolutely impervious to 
water. Pitch or asphalt w i t h layers o f paper or f e l t , 
and f re tpient ly w i t h a surface o f gravel or crushed 
slag, are the materials employed to f o r m a water­
t ight membrane. The process employed is wel l 
known , generally consisting o f the application to the 
roof of a layer o f hot pitch or asphalt, over which 
is a layer of paper or f e l t , then another layer o f 
hinder and another o f f e l t un t i l f o u r o r five layers 
of the t a r and three o r f o u r layers o f the webbing 
have been la id . A l l seams are overlapped as each 
layer is added. O n the last coat of tar fine gravel or 
ground slag is spread to f o r m a protective surface, 
keeping the sun f r o m mel t ing the binder. 

The characteristics o f the .several materials em­
ployed vary sl ightly. Pi tch has a lower mel t ing 
point than a.sphalt. and w i l l melt under a hot sun 
and gradual ly w o r k d o w n the slope o f a roo f unless 
protected by gravel or slag. Aspha l t does not need 
this protection and may be l e f t black, al though this 
practice is not desirable on sawtooth roofs , as a 
light >urface greatly increasi's the amount of l igh t 
entering the adjacent skylights. The webbing may 
be o f fe l t paper impregnated w i t h p i l ch o r asphalt 
or asbestos fe l t impregnated w i t h asphalt. The only 
choice in the use o f gravel o r crushed slag is to get 
the cheapest, as either is .satisfactory. 

W h e n flat roofs are used to walk upon, as f o r 
play areas or f o r promenades, it is best to provide a 
more durable wear ing surface over the waterproof 
membrane. Concrete may be used f o r a l o w cost 
job , i f expansion is provided f o r ; otherwise cpiarry 
t i le or small slates are .set i n asphalt. 

F o r temporary- bui ldings, and where first cost is 
an important consideration, prepared roof ing made 

of layers o f tar and paper or fe l t are on the market 
in great variety, many having a stone surface rol led 
o i l . They are laid w i t h a cemented lap. and i f prop­
erly la id are pract ical ly the same as a bu i l t -up roo f 
of ecitial weight. However , the human factor counts 
in this w o r k to such a degree that a more permanent 
roof generally results when there are three or f o u r 
laps i n the thickness o f the roof than when there is 
only one; i n other words, a bui l t -up roof may have 
imperfect laps on one or t w o layei> and st i l l be 
t ight , but a prepared r o o f depends ent i rely on the 
tightness o f a single lap. O n the other hand, ro l l 
r oo f ing may be economically laid on sloping roofs 
where the tightness o f the lap is o f less importance. 
Ve r t i c a l surfaces, such as the ends o f moni tors and 
s.-iw i i . o t l i s k y l i g h t s , ai-c geiuT.'diy co \c i -e ' l w i t h metal 
or w i t h pre])ared roof ing or shingles. 

T o eliminate the dif f icul t ies a t tending the loss o f 
heat th rough roofs , w i t h j x u t i c u l a r concern f o r 
m i n i m i z i n g condensation on the inner (and in some 
cases, upper ) surface o f roofs , i t is occasionally 
necessary to interpose a layer o f insulat ing material 
between the s t ructural roof and the outer surfac ing 
maier ia l . Several substances are prepared f o r this 
purpose, cork being very commonly ut i l ized. F ibrous 
mattings or compressed boards are efficient in va ry ­
ing degree. I f extreme conditions are being con­
tended w i t h , d r i j ) gutters must be placed beneath 
windows , under beams, and at a l l places where ex­
perience shows drops ot' water w i l l collect. T o 
avoid condensation on windows i t is necessary to 
use double-glazed .sash. 

The prevention o f leakage is s imply a matter o f 
using appropriate materials in a workman l ike man­
ner. A leaky roof , in fact , is more f re( |uent ly to be 
blamed on the architect f o r l ax specifications and 
w r o n g choice o f material or method, or upon the 
owner f o r parsimonious economy in first cost, than 
upon the roof ing contractor . Sawtooth roofs are 
generally considered by laymen to be always leak­
ing, due largely to this lack of good roof constrtic-
t ion . A sawtooth roof , w i t h its many valleys, may 
1)1' as t ight as any other r oo f . I t is simply a mat ter 
o f good flashings and o f extra layers o f fe l t and 
asphalt in the valleys to take the wear o f persons 
walk ing along them to wash windows. 

T h e final point i n a .satisfactory roo f is the flash­
ing at a l l interru])tions in the plane o f the roof. 
These poiius should be observed: F i rs t , the flashing 
shoidd be o f a permanent and non-corrosive mate­
r i a l . Second, i t should be set i n a flexible manner, 
I»articularly w i t h wood plank roofs so that the 
shrinkage o f the wood w i l l not tear the fla.shing. 
T h i r d , flashings should be carried above the highest 
point to wh ich water can collect before ove r f lowing 
its barriers i n case the drains are choked or are o f 
insufficient capacity. Th i s means that the flashings 
shotild extend at lea.st as high as the " c r o w n " o f a 
flat roof , and preferably to the level o f some emer­
gency overf low, such as a series o f "weep holes" 
'•xteiuli t ig through the parapet walls. 
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P E R S P E C T I V E V I E W O F C O M P L E T E D M A I N B U I L D I N G 

T h i s b u i l d i n g f o r the L a k e s i d e P r e s s is o f flat-slab 
r e i n f o r c e d c o n c r e t e c o n s t r u c t i o n , the floors b e i n g de­
s i g n e d for a Hve l o a d of 3 0 0 p o u n d s a n d c o l u m n s s p a c e d 
2 5 feet o n c e n t e r s e a c h w a y to a c c o m m o d a t e l a r g e 

p r i n t i n g p r e s s e s . D a r k red b r i c k a n d I n d i a n a l i m e s t o n e 
a r e u s e d f o r the e x t e r i o r . I n t e r i o r w a l l s a r e of p l a s t e r , 
a n d c e i l i n g s a r e of c o n c r e t e , p a i n t e d ; no w o o d t r i m i s 

u s e d . T h e floors a r e of c o n c r e t e . 

D E T A I L O F L O W E R S T O R I E S O F M A I N B U I L D I N G 

R . R . D O N N E L L E Y & S O N S C O . P R I N T I N G P L A N T . C H I C A G O 
H O W A R D S H A W . A R C H I T E C T 
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C O L U M B I A N C O L O R T Y P E C O . B U I L D I N G . 

C H I C A G O 

I l l u s t r a t i o n s on P l a t e 4 I 

Type of construction: Reinforced con­
crete. First floor on filled ground; 
2nd, 3rd and 4th floors designed 
for live loads of 250 pounds; 5th 
and 6th floors 150 pounds per 
square foot. 

Exterior materials: Rough textured 
brick with terra cotta trimming. 

Interior materials: Plaster walls; wood 
tr im. 

Floors: For working spaces, finished 
wi th cement and treated wi th a floor 
hardener; for toilet rooms, compo­
sition; in other places, terrazzo 

Windows: Steel sash; large skylight in 
photograph gallery. 

Light ing: Steel enameled reflectors 
over presses, composing tables, type 
racks, etc.; general illumination else­
where. Many special provisions in 
art room and photograph depart­
ment. 

Heating: Direct vacuum steam radia­
t ion; electric vacuum pump to care 
for returns. Building heated by four 
cast iron sectional low pressure 
boilers. 

Date of general contract: A p r i l , 1920. 
Total cost of bui lding: $497,500. 
Cubic foot cost: 28 cents. 
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B U I L D I N G S F O R W H I T I N M A C H I N E 

W O R K S , W H I T I N S V I L L E . M A S S . 

I l l u s t r a t i o n s on P l a t e s 4 2 - 4 4 

Factory 1 4 : Reinforced concrete con­
struction, mushroom type with brick 
veneer. Basement, first and mezza­
nine floors are designed for live 
loads of 550 pounds; other floors, 
250 pounds. The windows are 
counter balanced, steel type. The 
stairways are reinforced concrete. 

Administrat ion bui lding: Reinforced 
concrete construction wi th brick 
veneer, interior finish in ash, and the 

finished floors are linoleum. The 
stairways are iron and slate, and the 
exterior balconies of ornamental 
wrought i ron; the windows are 
wood. The building is equipped 
wi th mechanical ventilation. 

Garage: Reinforced concrete construc­
tion wi th concrete stairs; exterior of 
brick veneer; counter balanced steel 
sash. A l l buildings are equipped 
with electric elevators. 
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Industrial Flooring Materials 
flj, C H A R L E S A . W H I T T E M O R E 

Of Blaclfall, Clapp & IVIullemore, Archltecls, Boston 

I N industrial buildings the problem of construc­
tion is complex. Foundations must support the 
buildings without undue settlement. Walls 

must support the superimposed loads without dis­
tortion. Floors must be sufficiently strong to carry 
the dead and live weights withmii deflection or v i ­
bration, and the surface must not disintegrate. Jn 
connection with this last condition the problem pre­
sents difficulties which are not easy of solution. 
There are so many different kinds of floor sur-
facings on the market that one could confer with a 
conlinuous stream of representatives, each with 
merit to his claim that his material will meet the 
re(|uirements. 

I f it were possible to obtain the ideal floor sur­
face it would be wearproof, dustproof, waterproof, 
and inert. These qualities are all important in in­
dustrial buildings, and in many cases the lack of 
these characteristics will mean losses in the manu­
facturing process. Wearing down of floors necessi­
tates repairs; dusting rums machinery; absorption 
destroys the strength of the floor, and "non-inert" 
floors by cracking, swelling or shrinking may affect 
the alignment of machines as well as causing i in-
evenness in the surface. The floor treatment which 
meets all these conditions will be a wonderful dis­
covery. Boiler plate is in many ways unsatisfac­
tory. Marble wears out; wood rots, etc. I t seems 
as though natural products would not be as satisfac­
tory as manufactured floor materials might be. 

I n mill construction maple floors present a good 
wearing surface and have long been considered 
satisfactory for most places where wood may be 
used. There are now on the market wood flooring 
materials treated with preservatives for which much 
is claimed. There are also wood floorings in block 
form, some of them so arranged that the wear all 
comes on the end grain, and this grain arranged so 
as to vary its direction. Each serves its purpose 
and specific place, but none may be considered the 
ideal floor. There is no other natural flooring ma­
terial which can be generally used. Expense or lack 
of durability prohibits. The net result of such a 
decision is that investigations must be conducted in 
the field of manufactured materials. 

The broad divisions of manufactured floorings 
are cement, composition, and linoleum. Because 
most industrial buildings nowadays are of fireproof 
construction, the concrete floor as a base for sur­
facing is the most common. The concrete with a 
top surfacing becomes practically inert and is homo­
geneous, and can be made waterproof, but, on ac­
count of the nature of the material, concrete in i t ­
self is fu l l of voids which have not the resistance to 
abrasion of a solid material. To make concrete 

"wearproof" it seems necessary to fill the voids. 
This may be accomplished by using as the final sur­
face dressing a mixture of neat cement and fine 
sand. I f such a mixture be well troweled or rolled 
with heavy rollers a surface will be produced which 
will resist wear under some conditions. 

A surface as just described would be suitable for 
industrial buildings where the trucking is light. I t 
must be borne in mind, however, that machinery 
l)r()duccs vil)r;ilions which, while not noticeable to 
the casual observer, continually react on the floor 
construction and loosen particles of the cement and 
sand in the form of a fine, almost impalpable, 
powder. To make such a surface dustproof can be 
accomplished only by the use of some agency hav­
ing the property of binding the particles more 
closely than the natural cohesion can bind them, or 
by causing a chemical reaction which wil l increase 
the abrasion resistance. There are liquids for sur­
face treatment or integral mixing which are 
manufactured for this purpose. There are oils 
which, upon oxidation, fill the voids and bind the 
microscopic particles into a mass of great density. 
There are metallic substances which, when mixed 
wilh the top surfacing, present the wearing qualities 
of iron. A l l these have their adherents. 

Experiments have been conducted in the use of 
terrazzo, so-called. This is a top surfacing of 
cement, sand and crushed stone or marble, trap rock 
or other hard wearing surface. The results of these 
experiments would seem to indicate that this kind 
of cement floor surface is satisfactory even under 
trucking conditions. This type of floor has been 
made up using ceramic chips instead of marble. 
Such a floor wi l l stand hard abrasion as well as any 
of the terrazzo type. 

Tn a previous issue of T H E F O R U M * the subject of 
granolithic floors was discussed. The general 
method of laying any cement type of top surfacing 
is the same as for granolithic. I t may be well to 
call to mind a few of the essential steps: 

1st. See that the floor to which the top surface is 
to be applied is thoroughly roughened and 
cleaned of all dust and loose particles. 

2d. For the best results the floor should be washed 
with clean water and be in a damp condition 
before the leveling material is deposited. 

3d. Level off to fixed screeds, and see that sur­
face is even and true. 

4th. Before this material has become too firmly 
set, deposit the final surfacing and roll or 
trowel with steel trowels. 

When aggregates of any kind are mixed in the 
final surfacing they should be laid on the leveling 
course in an even layer and thoroughly rolled or 
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troweled in. A floor made up of this type should 
prove to be a very satisfactory investment for the 
owners of an industrial building where the truck­
ing and service are heavy. 

Many of the composition floors have some cement 
as a base, but the proportion is so small that they 
cannot be classified as cement floors. Magnesium 
salts, calcium salts, wood and asbestos fiber, sodium 
•silicates, .sawdust and silex all are used in the prepa­
ration of comjx)sition flooring. In considering a 
floor of this class one must know that after the 
chemical action is completed the mass becomes inert, 
non-absorbent and not affected by climatic changes. 
I t is, therefore, desirable to select a floor with the 
least vegetable content. Sawdust and wood floors 
may decay, hence too large a proportion of either 
of these is detrimental. They are also the cheapest 
componeiUs, and are serviceable princijially as 
••fillers" to make more "body" to the composition. 
They do. however, act as buffers between the more 
solid ])articles. giving resilience to the floor and also 
imparting a tendency to prevent sound transmission. 

Composition floors have a peculiar characteristic 
in that when struck with a solid substance they 
sound hard. When walked upon they feel anything 
but hard. Such flooring material will give good 
service under ordinary trucking conditions and will 
be found very comfortable for employes to stand 
upon. For heavy trucking or for situations where 
metals or ca.ses are dropped, such a floor would not 
be ideal unless designed and laid with special care. 

The majority of composition floors vary in thick­
ness f rom j/2 inch to 1 ^ inches, and can be laid over 
wood or concrete. This is a distinct advantage over 
cement type floors which cannot be used in thickness 
less than 1 ^ to 2 inches. A floor of this type may, 
therefore, be laid over an old floor of wood or 
cement without disturbing the old surface. This 
necessitates at times changes in doors, etc., but in 
no case is the extent or expense of such a procedure 
comparaljle with what would be required i f a cement 
type floor were to be used. 

The "mastic" floors are composition floors, but 
of a different type f rom those previously described. 
Asphalt, a.sbestos, cork, wood flour, and other ma­
terials enter into the makeup of the floors. Marble 
chips, quartz, etc.. are used where the floor must 
resist abrasion. These floors are laid in a variety 
of ways: some under heat, some in successive 
"building up" layers, and some in a plastic mass. 
The "mastic" type floors are never supposed to 
harden to the consistency of a hard cement. Part 
of their value lies in the resilience of the medium 
itself. Dents automatically iron themselves out and 
real damage, such as cracks or badly worn places, 
may easily be repaired. This type of floor is used 
in warehouses, on shipping platforms, in factories, 
etc.. and is impervious to moisture. 

One point in the construction of industrial build­
ings always gives trouble, and that is the proper 
and adequate arrangement of hangers and supports 

for pipes, shafting, etc. This is a real problem and 
reduces itself only with difficulty to a common rule 
for all buildings. The engineer must know all the 
requirements for the building and should have all 
contracts under his control in order to provide sup­
port for all future demands as the construction pro­
ceeds. I t is simple enough to lay out hangers for 
steam, water, gas, electric, sprinkler pipes, and also 
for shafting, etc., i f these are all decided upon suffi­
ciently in advance. The real difficulty lies in antici­
pating future needs as developed by changes in 
niachiner\-. etc., as well as by the increased business 
or manufacturing demands. There are various 
types of hangers which may be used in connection 
with concrete floors for pipe supports. Obviously, 
the best is the hanger which permits of adjustment 
of the point of support. Such a hanger will enable 
the builder to change locations of pipe lines without 
tearing uj) concrete. Al l these types are arranged 
to be set in on the forms, and some are equipped 
with integral reinforcing rods to allow for extra 
heavy loads and more even distribuliou. Some are 
arranged to be attached to the reinforcing rods. 
Use of any t>-pe which is easily set in place, which is 
securely held in the construction, and which allows 
adjustment of support spacing is a distinct asset to 
the building. 

.A discussion of floor construction is not complete 
without considering the stair and platform treat­
ments. Here is great wear. In the average indus­
trial building the employes u.se the stairs more than 
the elevators, unless the building is more than four 
stories. Hence twice, and generally four times, per 
day the stairs are called upon to withstand the wear 
incident to the passing of a number of people. On 
the treads, therefore, must be a wear-resisting, 
durable, non-ab.sorptive. non-slip material. Ter-
razzo. ceramic, cement, composition as well as slate, 
marble and steel all are used for the tread surfaces. 

There are, of course, the standard safety treads 
composed of a metal base grooved with non-slip 
material filled in the grooves, and also metal with 
steel filings or carborundum fused in the wearing 
surfaces, also other variations on the basic principles 
of these two types. Where marble, slate or metal is 
used as the tread, a safety edge should be provided 
and set in place. Where the plastic materials are 
used, these treads may be cast with carborundum or 
steel filings, mixed in the top surfacing or troweled 
in the surface as the "set" begins to take place. 

Floors like facts are stubborn things. Once in 
place they are not easily moved. When we con­
sider the floor, not as the walking surface alone, but 
as the support for machinery above and possibly 
below; when we realize the pipes, conduits, hangers, 
inserts, shafting and all the equipment units which 
the floor must contain or hold in place, we cannot 
but feel that however much care, study and thought 
we give to the selection and arrangement of mate­
rials, a .satisfactor}- floor, standing up to its 
demands, is a well worth while reward. 



Natural Lighting of Industrial Buildings 
B j , W I L L I A M R . F O G G 

Secretarx). The Ballinger Company, Archilecis and Engineers, Philadelphia and NeTU York 

' I ^HE natural lighting of indiLstrial building.s 
will doubtle.ss continue to be of considerable 

JL interest and importance to designers and 
owners in spite of the recent discovery that under 
many circumstances it costs as much to arrange for 
natural light as for artificial illumination. Some­
times it may cost more to provide for lost heat, 
for overhead charges and the like than for the cur­
rent, maintenance and overhead of an ade(|uale 
electric lighting system.' 

The force of custom, the more pleasant working 
conditions of natural li.ijht (at least most people 
.seem to prefer i t ) , the opportunity for relieving eye 
strain by looking out of windows for long distances, 
and other such considerations wi l l doubtless have 
greater influence on factory design than whatever 
s]iL,dit economy may be possible by the exclusive use 
of artificial light. The discovery, nevertheless, is 
of immense value, particularly because of its effect 
on the design of buildings in congested areas where 
heretofore it has been considered necessary to pro­
vide large light wells in areas of high land value. 
This discovery will also be of value to industries 
manufacturing a product likely to be injured by 
sunlight or strong daylight. 

The outstanding characteristic of natural light is 
its variable nature, not onl\- in quantity from day to 
day and hour to hour, but also in its quality. In 
this respect artificial illuminants are far more easily 
controlled. I t is known that on cloudy days the 
"sky light" is much brighter than is the blue sky of 
a clear day. For instance, Messrs. Perrot and 
Vogan,- in measuring the foot candle intensity of 
natural light in a 98-foot building with windows in 
the east and west walls, found these facts: At 
nearly noon (10:50 and 11 a.m.) on a cloudy day 
they measured a light intensity of 124 foot candles 
4 feet in f rom the west wall, and on a bright, sunny 
day with clear sky only 20 foot candles in the same 
position. The dull gray clouds actually ca.st into 
the building over six times as much light as the blue 
sky reflected. A t the east wall on the cloudy day 
they measured 120 foot candles intensity (6 feet 
f rom the glass), and on the sunny day 428 foot 
candles intensity. Thus on dull days both sides of 
a building (east and west) receive almost exactly 
the same amount of light, whereas on a sunny day 
the wall in shadow is deficient in light, while the 
wall in sunshine has an excessive intensity of 
illumination. 

' S e e " T h e C o s t of D a y l i K h l . " by M . L u c k i e s h a n d L . L . H o l l a d a y 
of the L a b o r a t o r y of A p p l i e d S c i e n c e , N e l a R e s e a r c h L a b o r a t o r i e s , 
N a t i o n a l L a m p W o r k s of the G e n c r . i l E l e c t r i c C o . , C l e v e l a n d . Trans­
actions of the Illumitutting Engineering Society, F e b r u a r y , 1923. 

- " S o m e P r a c t i c a l D a y l i g h t M e a s u r e m e n t s in M o d e r n F a c t o r y I tu i ld -
ingrs," by E m i l e G . P e r r o t a n d F r a n k C . V^ogan. Transactions nf the 
Illuminating Engitieering Society, A u g u s t , 1919. 
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The curve showing the intensity of illumination 
at intervals across a building roughly corresponds 
in shape to a broad based U . The vertical sides of 
the U represent the intensity at the windows, and 
are about equal on cloudy days and very unequal 
on clear days. The broad base represents the much 
lower intensities found in the center of the building. 
The area of low intensiiy varies approximately with 
the width of the building. In the wide building just 
referred to the average inlensity of illumination for 
the center third of the building was approximately 
"•"Koo foot candles on the cloudy day and 2 foot 
candles on the sunny day. Note that the bright 
sunlight in the east windows tripled the amount of 
light at the center as compared with a cloudy day. 
This data, i f thoroughly analyzed, will be found to 
embrace the essenlial ])roI)lem of the natural light­
ing of buildings. The high intensity at the windows 
nnist be carried to the center to the greatest pos­
sible degree, and yet the intense glare of the direct 
sunlight must be subdued. 

Modern practice has attacked this problem in 
several ways,—by increasing the ratio of window 
area to floor area, by improvements in the character 
of the glass, by the use of interior wall and ceiling 
finishes of high reflecting power, and by the use 
of sawtooth construction where practicable. 

Naturally, the design of a building is the greatest 
single factor determining the (|nantiry of its natural 
light. Exterior objects, like other buildings in close 
proximity, may have a very serious and uncontrol­
lable effect in .special cases, but given a free-standing 
building, the amount of light depends very largely 
on the size and placing of the windows and upon the 
width of the building. When the shape of the land 
requires wide structures it is common practice to 
use light wells in the interior, or to divide the build­
ing into two or more sections separated by courts. 
So many factors govern llie sizes, shapes and pro­
portionate areas of lliesr e o n r l s liial sjjace will not 
permit of an ade(|uaie treatment of them here. In 
general it is desirable to keep the width of a multi­
story building f rom '60 to 100 feet, so that no point 
will be more than from 30 to 50 feet f rom windows. 
I t is obvious of course that the ratio of glass to 
floor area may be increased either by using narrow 
buildings or by increasing the story heights (and 
the window heights). These methods, while en­
tirely practical under certain circuni>i.inces, gener­
ally involve considerable increases in first cost and 
maintenance that can be avoided by other methods. 
When the layout of machinery or other dominant 
factors require wider buildings, reliance must be 
placed entirely on window area, special glass and 
suitable reflecting surfaces for adequate center light. 
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Within the last three decades the change in the 
fenestration of industrial buildings has been very 
m.-irked. Around 1890-1900 the typical factory was 
lighted by double-hung wood sash windows often 
occupying less than 50 per cent of the available wall 
area. Since then the ratio of window area to wall 
surface has vastly increased, until i t has become 
common practice to make 85 per cent of the avail­
able wall area of glass. By available wall area we 
mean the area between the top of the spandrel or 
curtain wall (at bench height above the floor) and 
the ceiling, for this is the only area in which win­
dows can be placed effectively. 

A recent improvement in concrete construction 
has made it possible to get practically 100 per cent 
of the available wall area in glass. By con.struct-
ing the floor as a cantilever beyond the last row of 
columns and supporting the wall and windows on 
the edge of the projected floor slab, exterior piers 
may be entirely eliminated, so that continuous rows 
of sash may extend from end to end of the building, 
interrupted only by stair towers or corner pila.sters 
applied fo r architectural effect. This type of build­
ing is illustrated on page 119. By means of this 
construction very wide buildings can be pro­
vided when needed with satisfactory interior light. 
I t should be noted that the round columns obstruct 
less light than rectangular wall piers, and al.so that 
this construction is less costly than the types gen­
erally used. 

Overhead lighting of factory interiors is possible 
on the upper floors of multi-story buildings or in 
one-story structures by means of skylights, monitors, 
or sawtooth construction. I n the article on Roof 

I vi>(_'s and Roof Surfaces in this i.ssue (page 109) 
sufficient mention is made of the advantages and 
uses of each type to indicate their relative merits. 
The building providing the nearest ideal light is 
that with a sawtooth roof. The orientation and 
shape of the skylights prevent sun glare, for only 
north sky light is admitted. In ordinary practice 
the window area is about 33 per cent of the floor 
area exclusive of wall windows. I t is important to 
note that for a given ratio of glass in the skylights 
to the floor area, greater interior illumination re­
sults f rom using a smaller number of large size 
sawtooth skylights than f rom using more sawtooth 
skylights of smaller sizes. This tends to save in 
the cost of construction. The usual maximum width 
of a sawtooth skylight is 25 feet with glass about 8 
feet in height. 

Since sawtooth skylights depend for their illumi­
nating value upon sky light, as distinguished f rom 
sunlight, or in other words, upon reflected light in­
stead of direct light, it is well to remember that a 
bhie sky gives much less intensity of illumination 
than a cloudy or even a dull gray sky. I f the upper 
surfaces of adjacent skylights were colored a dull 
black, so that they would absorb the direct sunlight, 
it would be found that the interior of a sawtooth 
building would be darker on a clear day than on a 

cloudy day. By using a bright surface, such as 
light colored gravel or some form of prepared 
asbestos which is nearly white on the roof surfaces, 
the direct rays of the sun on a clear day are re­
flected into the skylights with a consequent increase 
in the interior illumination. 

Next in importance to the structural design of a 
building are the size and position of the windows 
and the kind of glass used. As regards the actual 
intensity of illumination of a building it matters 
little what type of window sash is employed to 
frame a given area of glass. The choice of sash is 
governed not so much by questions of lighting as 
by the factors of cost, ventilation, durability, ap­
pearance, and method of cleaning. When a given 
wall opening is required to admit the maximum of 
daylight, the thickness of the window frames, meet­
ing rails, muntins, and other opaque parts may 
govern the choice of type. Windows should be 
placed as near the ceiling as is possible, not only for 
maxinniiu jjoht but for ventilation, when it is re­
quired. They need not extend below the general 
working plane of the room, for the light admitted 
below this point is of practically no value, and the 
wall space is generally needed fo r radiators or 
l)enches. Since much heat is lost through window 
glass, a saving is effected by stopping the glass at 
the working plane. To make best use of the win­
dow light the placing of machinery should be care­
ful ly considered, lest the process require that the 
operatives constantly work in their own shadows. 

O f the many different types of windows on the 
market, a few are more commonly used than others. 
"Factory sash," or rolled steel sash, is used for large 
openings and offers little obstruction to the light. 
I t comes in a variety of standard sizes, with sections 
pivoted or projected in various parts for ventilation. 
I f thorough ventilation is desired, the upper open­
ings .should be at the extreme top, and the lower 
openings at or near the lower edge. Center open­
ings only are of little value. When air conditioning 
is essential it is often better to rely entirely on the 
air conditioning apparatus for ventilation, using 
fixed sash without movable sections. 

The use of sliding sash is generally limited to 
smaller wall openings, since the grouping of sliding 
sash frames requires mullions of appreciable thick­
ness. Vertical sliding sash may have two sections, 
each independently counterbalanced with weights 
or springs, or they may be balanced one by the 
other, so that l i f t ing the lower sash lowers the upper. 
Then there are several types combining a sliding 
and a projected or pivoted motion, operated by 
simple systems of levers, so that openings occur 
simultaneously at the top, bottom and center of 
the window, and the glass rests at an angle with 
the frame in a manner to prevent the rain from 
driving into the roouL Rolled steel is used for low 
cost work and bent steel shapes or bronze for the 
higher grade windows required in office buildings 
and hotels. 
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Continuous steel sash having ven­
tilating sections often require me­
chanical devices to open and close 
them, particularly in monitors, saw­
tooth skylights, and other inaccessible 
places. For the shorter runs the tor­
sion system is largely used; it employs 
a worm and sector, with arms fixed to 
the torsion shaft operating each venti­
lating unit in the .series. For longer 
runs a combination of levers operated 
by rods that are pushed or pulled by 
the operator is employed. Sash open­
ing devices may be manually or elec­
trically operated. Reference to ac­
companying illustrations will show 
several of these installations. 

Window glass requires cleaning at 
regular intervals to maintain its efii-
ciency. Three common methods are 
used, depending on the kind and size of the win­
dows. Pivoted sash may often be cleaned entirely 
from within the building. Sliding sash, and other 
types having openings of sufficient size for a man 
to get through to the outside, are generally cleaned 
by workmen standing on the outer sill. Bolts for 
safety belts must be installed when this method is 
employed. Large areas of fixed sash are generally 
cleaned two or more times a year by means of 
painters' scaffolds suspended f rom the roof, or in 
low buildings by the use of a hose f rom the ground. 

The kind of glass used in the windows has much 
to do with the amount of light which gets into the 

i n t e r i o r of J a m e s L e e s & S o n s C o . F a c t o r y , B r i d g e p o r t , P a . , s h o w i n g 
e x c e l l e n t l i ght o b t a i n e d f r o m c o n t i n u o u s s a s h ; b u i l d i n g 121 feet w i d e 

building. A clear or transparent glass transmit.-
direct light most efficiently, but under many circum­
stances some forms of glass that are translucent 
but not transparent are preferred. Where trans­
parency is desired, ordinary window glass of single 
or double thickness, or polished plate wire glass, 
constitutes the range of choice. Even i f other fomis 
of difftising glass are used in the greater part of a 
window, it is well to have clear glass of some sort 
up to and perhaps a foot or so above eye level. 
Manufacturers have found in many cases that 
workers are more contented when they can see 
beyond the walls, and also that they seem to feel 

S e c t i o n t h r o u g h c a n t i l e v e r b a y a n d e x t e r i o r s h o w i n g r e s u l t a n t c o n t i n u o u s s a s h 
J a m e s L e e s & S o n s C o . F a c t o r y , B r i d g e p o r t , P a . 

T h e Ball inger Conipany. Architects and Engineers 
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less eye strain f rom their work when a distant view 
may be obtained at wil l . It is imperative to use 
clear glass at the eye le\el when rip])led or prism 
glass is used, for the glare of these types is most 
discomfiting when directly in the line of vision. 

When wire glass is required, either for fire pro­
tection or to avoid the danger of shattered glass, it 
is generally necessary to accept a translucent glass, 
for the only transparent wire glass is poli.shed plate 
wire glass, which costs much more than the ordi­
nary '"rough" wire glass. This is no hardship, how­
ever, for the rough glass tends to diffuse the light 
in a very important manner. Most of the light 
entering a window falls at an angle, penetrating to 
only a relatively short distance. Much of this light 
is absorbed by the floor, machinery and other dark 
objects at the working plane or below. To carry 
the light as far as possible toward the center of the 
building it is desirable to bend these oblique rays 
toward the horizontal, or else to have them strike a 
good reflecting surface such as a white ceiling from 
whence they will tend t" s p i c a d l o w a r d llie i n l c r i n r . 

Rough glass breaks U]) the direct light beams, di f ­
fusing them in all directions, so that some arc 
thrown horizontally, some bend upward to the ceil­
ing, and some of course are bent downward to the 
floor and are wasted. Enough light is diffused in 
the desired directions to make the use of a rough 
glass more efficient than that of a clear, plain glass 
for lighting the interiors of wide buildings. A 
more efficient method of l)cnding the light rays is 
by the use of glass having prisms so cast upon its 
face as to correctly divert most of the rays to a hori­
zontal plane. Prism glass is highly successful for 
this purpose, but its cost is generally prohibitive for 
large operations. Ribbed glass, having horizontal 

I 

C o n c r e t e S a w - t o o t h C o n s t r u c t i o n w i t h F i x e d S a s h 
T i f f i n B u i l d i n g , L o n g i s l a n d C i t y , N . Y . 

The Ballinger Company, Architects and Engineers 
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semi-circular ribs of small radius rolled into one 
face, is practically as efficient as prism glass and 
performs the same function at much less cost. A l ­
though theory requires that the ribs be placed hori­
zontally, it is common practice to set them vertically 
as they then collect less dust. Other translucent 
glasses, such as "milky," "fro.sted," "ground," 
"flowered," and the like are low in efficiency and 
are used only for decorative or other special uses. 

W ire glass comes in large corrugated sheets 
wliich are very useful for skylights, marquises, and 
even for whole roofs or buildings. I t may be em­
ployed with corrugated metal or asbestos sheets in 
a roof, forming a very simple and effective sky­
light. I n the opinion of many engineers, corrugated 
glass is more efficient in sawtooth skylights than is 
flat glass because of its diffusive power. 

Glass is also pres.sed in 
foirns to match roofing tile 
with which it may be used to 
form small skylights that are 
hardly visible from the 
ground. There are cement 
tiles having glass lights em-
l)edded in the centers and 
other special ways of using 
glass for the admission of 
light. An interesting special 
type of glass is one that is 
"non-actinic." wliicli will not 
pass the ultra-violet and infra­
red rays which are harmful 
to some dyes, rubber and 
other materials. This glass 
has a slightly yellowish tint. 
Experiments have been car­
ried on looking toward the 
discovery of glass that is a 
non-conductor of heat and 
heat rays, but no progress 
seems to have been made. 

.•\11 glass is a good conduc-
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tor of heat, hence much heat is lost in cold weather 
throtigh the '^hss. When the air in a building con­
tains a high i)ercentage of moisture, the conduc­
tivity of glass causes condensation of this moisture 
whenever the outside temperature drops to the dew 
point of the enclosed air. The drops of water or 
steam collecting on the windows not only may drip 
on goods in process of manufacture and thus injure 
or spoil them, but also cut down the translucency 
of the glass to a certain extent. To avoid these 
conditions it is sometimes necessary to u.se double 
glazed windows in which two panes of glass are 
used in each section of the sa.sh, the panes being 
separated by a dead air space which is a non­
conductor of heat. 

The last factor of primary importance in seeking 
good interior illumination is the manner of finishing 
the interior surfaces of the building, particularly 
the walls, ceilings and columns. As we have indi­
cated, the strong intensity of illumination near the 
windows must be relied upon to give satisfactory 
lighting at the center. A very great difference in 
the center hght may be observed by using various 
materials for the wall and ceiling finishes. White 
is the best color by far, and though there is a dif­
ference of opinion between the value of a matt sur­
face or a gloss .surface, the latter seems to be the 
more practical as it can be washed or wiped clean 
and the brightness renewed periodically. 

Direct sunlight is of such great intensity that it 
is often necessary to provide sun shades to reduce 
the glare. At best this is a bad matter, and when 

one seeks to find a wholly satisfactory type of win­
dow shade, the choice is exceedingly limited. Ordi­
nary whitewash is sometimes used on the glass for 
a cheap makeshift, but it cannot be removed for 
cloudy weather or late afternoons. White cloth 
curtains of cotton duck or lighter material are em­
ployed, but they blow about in the wind and are not 
easily drawn back when the sun glare ceases. 
Various types of roll shades similar to those used 
in residences are made, and they may be applied 
directly to movable sections so that they will not 
ob.struct open windows. Various modifications of 
the Venetian blind are also available, and these 
when correctly installed seem to be reasonably effi­
cient. A good curtain installation should be easily 
controlled in sections, so that either the upper or 
lower part of the window may be .shaded; it .should 
not obstruct ventilation or prevent the opening of 
windows. Flapping curtains constitute a fire and 
accident hazard that should never be tolerated, and 
they are a source of annoyance to the workers. A 
fortune awaits the inventor of a means of eliminat­
ing sun glare and sun heat without restricting the 
intensity of illumination at the center of a building. 

Good natural lighting in any building is largely a 
matter of maintenance once the structure has been 
erected. Glass accumulates dirt with surprising 
rapidity, and its translucency is much diminished 
thereby. W îndows should be washed periodically, 
the interval depending partly upon the situation of 
the building, and partly upon the importance at­
tached to maximum illumination. 

B a k i n g R o o m , G e n e r a l B a k i n g C o . P l a n t , B r o n x . N e w Y o r k 
S i m p l e m o n i t o r r o o f s u p p o r t e d b y s tee l b e a m s . Note a p p l i a n c e f o r o p e n i n g s a s h 

The Ballinger Company, Architects and Engineers 
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T HE interesting feature of this building is the 
single-story foundry -with large monitor roof. 

It is supported by a modified scissors type of con­
crete truss, which in its essential features is pat­
ented by the architects. This type of truss has been 
used by them in spans up to 125 feet. The truss 
members and roof are monolithic ally poured con­
crete. The monitor with continuous steel sash on 
both sides is formed by cantilever beams extending 
from the roof. The roof of the monitor consists 
of a 3-inch slab extended from girders at the end 
of each cantilever beam and formed on th-e curve 
of a catenary to avoid dead load extending stresses. 
Tie rods are used as the bottom chord for trusses 
and bctzveen ends of cantilever beams at monitor. 
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Welfare Provisions for Industrial Plants 
B y C H A R L E S L . C L O S E 

Manager. Bureau of Safel];. Sanitation and Welfare, U. S. Steel Corporation 

F l o w e r s a n d I v y at the 

WELFARE pro­
visions in in-
d u s t r i a 1 

p l a n t s can best be 
summed up by review in ,; 
the activities which have 
proved practical by ex­
perience in a large in­
dustrial concern. Over 
$112,000,000 have been 
spent by the United 
States Steel Corporation 
since January 1. 1912 to 
improve the working and 
living conditions of its 
employes. This welfare 
work has been carefully 
organized and is con­
ducted through the medi­
um of a central department located at the corpora­
tion's offices in New York, and various standing 
committees, composed of representatives of the 
larger subsidiary companies. In addition lo the 
corporation committees covering this field of activity, 
similar committees have been established in each 
of the subsidiary companies, at the plants and in the 
departments of the plants, reaching down to the rank 
and file of the workmen. 

Employment.—Careful attention is given by the 
em])loyment departments to the placement of new 
employes in the jobs for which they are best suiied 
and physically fitted. Medical examination of em­
ployes has been established by the majority of the 
subsidiary companies. These examinations have 
proved very beneficial both to the employes and the 
companies. They serve as a guide to the plant 
officials in placing men in occupations which they 
are physically capable of performing and frequently 
bring to the timely attention of the men physical 

1 C o m p a n y 

defects, often slight and 
easily corrected, which 
might, if neglected, de­
velop into more serious 
ailments. 

Accident Prevention.— 
The activities of the 
United States Steel Cor­
poration in this respect 
have been governed by 
two prime factors,—en­
gineering revision and 
education. Abont $12,-
000,000 have been ex­
pended in improving the 
general physical status 
of the plants and opera­
tions, and constructive 
effort has been made to 

educate the workmen in safety matters. 
First Aid and Re.'sciic.—Everything possible is 

done to safeguard employes from accident, but 
adequate provision is made for relief in case of 
injury. First aid and rescue crews have been organ­
ized in all of the mining companies and in many of 
the manufacturing companies. The primary object 
of first aid and rescue crews is to have available 
specially trained men who can take immediate charge 
of the situation whenever an emergency arises 
whereby life is imperiled and can give prompt and 
skillful attention to injured men. 

Emergency and Base Hospitals.—As a necessary 
adjunct to first aid and rescue work 389 completely 
equipped emergency stations are maintained in the 
mines and mills, and 13 ba.se hospitals have been 
constructed by the subsidiary companies at various 
locations where public hospitals are not available. 

Sanitation.—The corporation has provided proper 
sanitary facilities at all the plants and mines for the 

N a i l M a c h i n e s in P l a n t of U . S . S t e e l C o r p o r a t i o n B e f o r e a n d A f t e r I n s t a l l a t i o n of S a f e g u a r d s 
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and attractive meals at moderate cost. These 
restaurants have proved very beneficial, especially 
to the single men living in lodging houses, and they 
have also lightened the labor of the housewife by 
relieving her of the burden of preparing the daily 
dinner bucket. The food served is of the best 
quality, and every endeavor is made to furnish 
properly balanced meals to meet the requirements 
of the men engaged in steel mill operations. 

Clubs.—The club houses provided by many of the 

D r i n k i n g F o u n t a i n , S t r u c t u r a l S t e e l W o r k s 

convenience and comfort of the employes, and much 
care and study have been given to the matter of 
safeguarding the health of the employes and their 
families. By the adoption of the most approved 
modern sanitary methods and practices physical 
conditions in the plants and dwelling communities 
have been raised to a very high standard, and the 
percentage of occupational diseases and ordinary 
illnesses among the workers and their families has 
been greatly reduced. 

Careful attention is given to drinking water sup­
ply, and all .sources are analyzed periodically to 
determine their j)urity and palatablcness. The most 
modern sanitary methods are employed in the cooling 
and distribution of water, and the common drink­
ing cup has been practically eliminated through the 
installation of sanitary drinking fountains. 

Plant Rcstaiirantx.—Restaurants have been in­
stalled in the plants of many of the subsidiary 
companies, where employes may obtain wholesome 

1 

H o s p i t a l W a r d . T e n n e s s e e C o a l a n d I r o n C o m p a n y , F a i r f i e l d . A l a . 

R e a r G a r d e n s in H o u s i n g D e v e l o p m e n t 

M o r g a n P a r k , D u l u t h , M i n n . 

subsidiary companies for the use of their employes 
and members of their families and friends con-
trilnUe much to the educational and social life of 
the conmumity. These club houses are attractively 
l)!anned and equipped and possess the characteristics 
of the most modern club buildings, including dormi­
tories, libraries and reading rooms, gymnasiums .and 
swimming pools, auditoriums and motion picture 
halls, dance halls, billiard and pool rooms, bowling 
alleys and many special features. The libraries and 
reading rooms are supplied with good fiction and 
works of educational value, current magazines, 

periodicals and daily papers, 
and the members are encour­
aged in the use of all the 
facilities of the libraries. The 
expenses of building maiiUen-
ance. taxes, insurance and 
heat are usually paid by the 
companies, but the clubs are 
operated in the same manner 
as other .s-imilar organizations, 
the members, choosing their 
own officers and conducting 
all financial and social affairs. 
Initiation fees and dues are 
well within the means of all 
employes. 

(lOod Fellowship Clubs have 
been organized by the em­
ployes in many of the plants. 
The management of these 
clubs is entirely in the hands 
of the members, who choose 
their officers and directors and 
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conduct all affairs of the clul)s. They r t iKk-r as­
sistance in cases of sickness and other kinds of 
distress among their members, as well as financial 
assistance when necessar\'. They are not, however, 
benefit associations in the usual sense, from which 
members receive certain specified benefits. They 
also conduct other affairs incident to the social life 
of the community. 

Gardens.—With a view to promoting thrift and 
improving living conditions, the employes of the 

S t r e e t V i e w , M o r g a n P a r k , D u l u t h , M i n n . 

corporation for many years have been encouraged 
to cultivate vegetable and flower gardens. In many 
places unoccupied land adjacent to the plant is 
utiHzed for community vegetable gardens, and the 
children of the workmen are taught practical garden­
ing in plots provided for the purpo.se near the 
schools. The expense of plowing and plotting the 
ground is borne by the company, and assistance is 
given in the purchase of seeds, plants, garden tools 
and fertilizers. To stimulate a friendly rivalry, 
prizes are offered for the most attractive gardens. 
The value of these gardens in the development of 
higher standards of living is 
incalculable, and the yield 
from the vegetable gardens 
expressed in terms of money 
amounts to many hundreds of 
thousands of dollars annually. 

Cleanliness, order and pleas­
ant surroundings while at 
work have a decided influence 
upon the workmen. To any- ^ 
one familiar with steel mill 
operations, it would seem im­
possible to accomplish what 
has actually been done in this 
direction at most of the plants. 
The outsider probably cannot 
conceive that anything green, 
much less anything that 
blooms, could grow inside of 
a steel mill yard, yet many 
attractive flower gardens are 
maintained, even to those 
growing in the window boxes 

E m p l o y e s " S c h o o l . G a r y W o r k s , G a r y , I n d . 

on some of the buildings. This not only makes the 
plant more attractive in ai)pearance, but often it is 
the means of correcting .some unsightly condition. 

Visiting Nurses.—Visiting nurses are employed 
by the subsidiary companies in a large number of 
districts. The assistance rendered by these nurses 
is both of professional and practical value. The 
object of this service is to improve the general 
health of the employes and their families. The 
principal duty of the nur.ses is to give instructions 
in those things which will enable the employes to 
better their conditions mentally, physically and 
materially. The services are free to those who desire 
to avail themselves of them, but they are not forced 
u])on the employes, and nurses are not permitted lo 
enter any home unless their services are requested. 

Practical Housekeeping Centers.—Good house­
keeping and well organized domestic activities are 
recognized as important factors in the creation of 

P l a n t C a f e t e r i a , N a t i o n a l T u b e C o . , R i v e r s i d e W o r k s 
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P r o v i s i o n for R e c r e a t i o n a n d A t h l e t i c s at L o r a i n S t e e l C o . P l a n t , 
J o h n s t o w n . P a . 

comfortable and pleasant home environment. For 
the benefit of the wives and children of the em­
ployes, particularly the foreign-born, practical house­
keeping centers, fully furnished and equipped, have 
been established by the subsidiary companies at 
many of the plants and in the mining towns, where 
special instructors, usually visiting nurses, conduct 
classes in the preparation and cooking of food, the 
care and feeding of infants, dressmaking, and many 
other subjects of importance in the home. These 
centers have proved of great influence and value 
in the communities in which they have been placed. 

Playgrounds.—The subsidiary companies have 
provided 175 playgrounds near the plants and mines 
to in.sure safe and attractive places of recreation 
for the children of the community. That the ad­
vantages afforded by these pleasure groimds are 
appreciated is shown by the fact that approximately 
25.000 children use them daily during the summer 
months. Competent instructors are employed by 
the companies to supervi.se the grounds and the 
activities of the children. 

Recreation and Athletics.—109 tennis courts and 

125 fully equipped athletic fields, 
with baseball diamonds, running 
tracks, etc., and amphitheaters for 
spectators, have been provided by 
the subsidiary companies in or 
near the plants or operations for 
those who enjoy healthful outdoor 
recreation, and all employes are 
encouraged to make the fullest 
possible use of these facilities. 

Christmas Festiz ities.—T h e 
Christmas festivities held by the 
subsidiary companies at their 
various plants and operations are 
delightftil and memorable oc­
casions for the children. Usually 
these celebrations are held in the 
clttb hotises or public halls, bitt 
where such facilities are not avail­
able, .space in one of the mill bmld-
ings is provided. 

Fducation and Americanization.—The educational 
work undertaken by the corporation for the benefit 
of employes has been attended with much success. 
The courses are designed to meet the requirements 
of all grades of employees and cover a broad field of 
educational activity applicable to the steel industry, 
from the teaching of elementary subjects in the 
edtication and Americanization of the foreign-born 
worker to the more specialized and highly technical 
branches required in apprenticeship and vocational 
training. The instructors are men actively engaged 
in their respective lines in the mills or in the ad­
jacent communities, and are chosen for their scholar­
ship or their broad practical experience in the 
subjects which they teach. 

Housing.—The problem of providing good hous­
ing facilities for employes has long occupied the 
attention of the corporation and its companies. 

Much thought and study have been given to the 
design and plans of the many houses constructed 
so that the employes will have homes with modern 
comforts. The houses are either sold to the em­
ployes at cost, or leased to them at low rental rates. 

mam 
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1̂  UPPER E N G I N E 

F i r s t F l o o r P l a n 

'~nHIS building com-
A bines boiler room, 

engine room and power 
laboratory. It is of 
steel construction, with 
brick 7ualls and concrete 
floors. Coal and ashes 
are handled by elevator. 

P O W E R B U I L D I N G . G E O R G I A S C H O O L O F T E C H N O L O G Y . A T L A N T A 

F R A N C I S P. S M I T H . A R C H I T E C T 

T // / . V /.' uilding is for 
the manufacture 

of display floats used in 
the annual parade of 
the Veiled Prophets in 
St. Louis. The second 
floor is for the use of 
members in dressing. 
The building has a steel 
frame ivith joist floors 
and steel roof trusses 
over rear portion. The 
exterior is of red brick 
zvilh wood and steel 
sash, terra cotta trim, 
wood doors and compo­
sition roof. Heating is 
by direct radiation. The 
contract was placed in 
December, 1922, and 
the total cost was 
$76,000, or 16.7 cents 
per cubic foot. Lower 
floor walls red brick, 
plastered elsewhere. 
Ground floor, cement; 
others maple. 
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Plumbing for Industrial Buildings 
By J A M E S A . C O T T E R 

Plumbing Engineer, Boston 

T T-" !̂'- plumbing in buildiiigs has gone for-
I ward with great strides. .\11 concerned 
V«>' in the design or plan of the building de­

vote much thought to it, and no longer is the pro­
vision of plumbing facilities a hit-or-miss ])r()pii^i-
tion. Being a matter which affects the health and 
well being of the community, the installation of 
plumbing is regulated by law, and law in mo.st com­
munities is now well defined as to minimum require­
ments. There is still, however, a great variance in 
these laws in different sections of the country, which 
emphasizes the fact that standardization is ŝ reaily 
needed. At the present time, there is being carried 
on by the Sub-committee on Plumbing of the De­
partment of Commerce Building Code Connnittee, an 
exhaustive study in connection with practical experi­
ments for the purpose of making a standard set of 
plumbing regulations. 

The layout of the fixtures involves not only con­
sideration of the initial cost but also the question 
of location. In the long, narrow type of buildings, 
the "toilet shaft," which could be placed on the exte­
rior of the building at each end or at the center of 
long sides, affords an ideal location. By this method 
there is no valuable floor space sacrificed, and the 
element of loss of time in gaining access to toilets 
is reduced to a mim'mum. For the building whose 
area conforms more to a .square, necessitating an 
interior light court or shaft, the toilets could be ar­
ranged around this shaft. 

As for the interior of the toilets, fixtures should 
not be crowded. Narrow lavatories and urinals, 
especially when too closely placed, result (mly in loss 
of space, because when so installed they cannot be 
u.sed properly on ma.xinnmi demand. Uike fixtures 
should be grouped. By so doing the arrangement 
or sequence of pipes and fittings will be best for eco­
nomical roughing-in. For example, if men's and 
women's toilets are adjacent, it would be much bet­
ter to place the water closets back to back than to 
have the water closets of one toilet room on one side 
and lavatories of the other toilet room on the oppo­
site side of the dividing partition. Where a toilet 
room contains many fixtures it tends to better the 
arrangement by placing all of one type of fixtures 
in the center of the room, back to back, and having 
the other fixtures against the walls. Placing the fix­
tures adjacent along one wall or partition causes a 
long run of .soil and waste pipes, and the question of 
pitch in the main becomes a very important factor. 
This is particularly true of lavatories. On floors 
of large areas the concentration of lavatories in the 
main toilet room should be avoided if at all possi­
ble, and instead there .should be but few lavatories 
in the main toilet, and the remainder distributed. 

The number of fixtures to be installed should be 
based on the number of people in the building and 
not, as is very often the case, by installing as many 
lixiures as a certain amount of floor space will ac­
commodate. Where there are many employes, well 
distributed over several floors, an approximate rule 
which may be applied is one water closet for every 
15 women, one water closet for every 20 men, and 
one urinal for every 25 men. When the total num­
ber of employes is relatively small, these ratios 
should be increa.sed to one water closet for every 10 
women, one water closet for every 15 men, and one 
urinal for every 20 men. Lavatories should equal 
in number the water closets supplied, except where 
the work done is of heavy nature, in which case 
facilities should I)c increased. 

The arrangement of fixtures brings up the ques­
tion of pipe space, of which there is not, generally 
speakiIII;-, enough allowed. It is very well to attempt 
the concealment of wastes and .supplies, but the 
more this is done the greater should be the working 
space. The supplying pipes, which may of necessity 
require many valves and short nipples at the fixtures, 
are subject to much wear and tear, and these should 
be readily accessible for repair or removal. I f con­
cealed, the need of working pipe space is apparent. 
The fixtures should be so arranged that no dirt pock­
ets are formed, and the lavatories so spaced that they 
may be thoroughly cleaned on all exposed sides. 
The urinals should be so set. if floor outlets are 
used, that space between, when the fixttire is not of 
the interlocking type, is great enough to allow for 
proper cleaning. The better practice now is to fill 
in these urinal spaces and to face up this backing 
with material to match the walls of the room. 

One of the dominant features of a toilet room 
should be cleanliness. To be maintained, of course, 
requires constant care on the part of an employe 
who should wash down at regular inter^•als the 
floors, walls and partitions. In order that these 
parts should not show the eft'ect of careless use of 
fixtures or of washing, they should be made of hard, 
non-absorbing materials for about 6 feet above the 
floor. Above this height plaster with paint serves 
its purpose well. For floors, of the materials now 
u.sed, polished cement with cove base appears to 
meet indu.strial conditions satisfactorily. White 
walls greatly emphasize this cleanliness feature, and 
the more this is developed in the design of the toilet 
room, the more the users of the facilities will help 
to maintain it. ^Vhite glazed tile of large size works 
out very well. Partitions needed for enclosing water 
closets only, should rest on post supports, leaving a 
clearance to the floor periuitting proper access to 
the floor, which aids in maintaining cleanliness. 

128 



September. 1923 T H E A R C H I T E C T U R A L F O R U M 129 

The fixtures selected for industrial buildings 
should be substantially made and contain as few 
mechanical working parts as possible. The water 
closets shotild be of best (|uality porcelain ware of 
siphon action type, with non-absorbing seats. I f it 
is possible, from a cost point of view, it is better to 
improve upon this last recommendation by installing 
a siphon jet closet. In a strictly factory building, 
the closet should be flushed nutomatically. Whether 
the building is of this type or not, the flushing of the 
closet should be accomplished by means of a flttsh 
valve of the oscillating handle type. The urinals 
should be of the floor outlet type of the larger widths. 
The flushing of this fixture should be similar to 
that of the water closets. The long enameled iron 
sink with supplies over the center, so that both sides 
may be used simultaneously, is preferred to the in­
dividual lavatory whenever the factory is considered. 
Faucets which permit of use of mixed water 
through one nozzle u.sed in connection with .sinks 
give good results. Where the building is more of the 
office type, individual lavatories with two faucets, of 
either compression or self-closing pattern, should be 
used. The shower .should be supplied for those 
working in the boiler room, or where the work is of 
very heavy nature and attended with much dust. 

When fixtures of one kind occur in battery, the 
greatest economy is attained by means of "loop 
venting." It is possible to have the rtin so long that 
intermediate vents will be required. For batteries 
of two dissimilar types, fixtures are installed to ad­
vantage by placing a common vent stack between the 
batteries and using the loop system on both groups 
of fixtures. 

For soil and waste pipes, cast iron and wrought 
iron pipe each has its advantages. Although screw-
pipe is in.stalled much faster than calked pipe, tht 
fluctuating difference in cost of both does not war­
rant the suggestion as to which is preferable for 
ordinary toilet room use. For interior conductors 
which are to be exposed. ap|)earance and space may 
be improved by the use of screwed pipe. Many 
kinds of pipe have been u.sed for soil and waste lines 
where chemicals are encountered. The consensus 
of expert opinion is that with much acid in the waste 
the use of extra heavy soil pipe and fittings, thor­
oughly and heavily coated with asi)haltum inside and 
out, serves the best interest of the building. When­
ever installed it should be carried direct to sewer, 
and while inside the luiilding it should be ritn ex­
posed. There have been various kinds of especially 
prepared ca.st iron pipe for this use, but because of 
their special qualifications they are expensive, and 
the initial cost of in.stalling makes their u.se very 
limited. 

The material for supply pipes, as with soil pipe, 
should be determined after knowing the character­
istics of the water which is to be used. For hot 
water, brass will outlive iron pipe, and its initial 
higher cost should not prevent its installation. The 
water supply in some localities has been found to act 

W a s h a n d L o c k e r R o o m for E m p l o y e s S h o w i n g 
C o n t i n u o u s B a s i n w i t h C o m b i n a t i o n F i x t u r e s 

on brass in such a way that the zinc is taken out and 
deposited as an oxide, thereby destroying the pipe. 
This condition would call for the u.se of copper. I f 
costs must be cut, galvanized wrought iron in the 
basement for cold water might be .substituted for 
the brass. This should then be run exposed, to be 
readily accessible in case of repairs. 

Not too much attention can be given to the matter 
of accessibility of pipes after they are installed. I f 
ample working pipe space in back of fixtures cannot 
be had, there should be plenty of floor boxes and 
wall openings provided. Soil and waste runs should 
end with cleanouts brought through the floor, i f 
cleanouts are not accessible from below. Basement 
soil mains should have cleanouts behind every 
branch connection, and between branches if they are 
over 30 feet apart, and at every change in direction. 

When considering use of hot water, the question 
ari.ses of where it is to be used. Many industrial 
buildings require hot water for purposes other than 
su|)])lying lavatories, sinks, slop sinks and showers. 
When this condition exists, the extra initial and the 
maintenance costs are not great, and may be negligi­
ble, in which case there should be no hesitancy on 
the part of the owner in installing a hot water sys­
tem for fixtures. When this condition docs not ex­
ist, the hot water should be supplied only to the 
p l u m l i i i i L ; f i x t u r e s just mentioned. One good a r g u ­

ment that there should be hot water is that it is the 
e xception rather than the rule to omit it. To supply 
hot water is proof positive to the employe that his 
personal comforts have been considered, and it is 
always well to create the proper impression on the 
employe. 

Cold water is run to the fixtures, and it is rare 
when the additional expense for hot water adds 
greatly to the cost of in.stallation. The building will 
have steam for heating, and often for power, and 
use could often be made of return steam to heat the 
water. I f direct steam were used, the load thrown 
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on the boilers for water heating would be small. 
When a hot water system is installed the best results 
are obtained by the use of a storage tank. By this 
method maximum and average demands are prop­
erly taken care of. The heating element in the tank, 
of whatever type, should be correctly determined 
for each building, so that the efiiciency of the unit 
is at a maximum. The tank should have such acces­
sories as a thermostat, relief valve, and vacuum 
valve. The material to use for the tank and coil 
should be determined by the same considerations as 
mentioned for piping. I f iron pipe is to be used in 
the system poor results will follow if the .sizes are 
not made liberal throughout. Many methods are em­
ployed for supplying the hot water to the proper fix­
tures, but whether it is a gravity or forced circula­
tion, the overhead main supply with down feed risers 
returning to the tank may be given the preference. 
Too great an oversizing may work to the detriment 
of the system, if it is large, as this excess amount 
of water to be heated may overtax the capacity of 
the heating equipment. 

Industrial buildings today often cover considerable 
ground, therefore their roof areas are large. This 
means that rain water disposal must be considered. 
Exterior leaders are probably the least prac­
tical, because they are exposed to the weather and 
therefore entail large maintenance cost, and since 
their life is not long, renewals are necessary in a 
few years. Interior leaders may be placed almost 
anywhere in the building. They can be readily run 
from the low points, which means that valleys may 
be run in any direction on the roof to best suit its 
needs. When the rain leader is run under a roof 
slab in a furred space, protection from possible 
freezing should be afforded. The roof connection 
to give satisfaction must be such that the roofer can 
work to it and make a finished and tight job. There 
are many good types on the market, and they may 
be had with large copper flanges over which the 
roofer may place his surfacing properly. The roof 
connection cannot be absolutely rigid; there must be 
some provi.sion made for motion, and if not taken 
care of the roof connection will not hold. Stock 
connections which take care of this by having one 
member move on another and in which the joint is 
made tight by means of a gland or gasket, are read­
ily procurable. These connections are made for 
either calked pipe or screwed pipe, or if they are not 
they may easily be altered and made serviceable for 
either kind of pipe. The piping to use, whether 
screw or calked, is always a debatable question, as 
in the case of .soil .stacks already mentioned. The 
rain leader as a rule should give the lea.st amount 
of trouble of all the water pipes, and it may be the 

first pipe after the vent to be enclosed with furring. 
The solution of the locker question is difficult. 

Lockers take up room, and it is space that is valu­
able, since very often, even though well planned, 
this area is allotted at a sacrifice. Naturally, the 
larger the establishment, the greater becomes this 
problem. A good layout will generally have a few 
outstanding characteristics. The locker room will be 
handy to the entrance and exit for employes. As 
working clothes are put on before starting work and 
removed on ending work, with this arrangement it 
becomes apparent that progressive motion by em­
ployes is attained. Many times this location is ad­
jacent to working quarters, but care should be taken 
that the locker room does not afford the possibility 
of becoming a recreation room during the working 
hours. A crowded locker room does not work out 
satisfactorily. I t causes congestion at quitting time, 
and in case of overlapping shifts much confusion 
arises. A well ordered establishment has the smallest 
p(i>>il)le amount of confusion. The lockers should 
be of a type which may be easily cleaned periodi­
cally, both inside and out. A locker with some sort 
of perforations not only helps in maintaining clean­
liness through ventilation, but lends itself to a quick 
inspection without the necessity of opening the door 
if it be locked. Some type of a sanitary base will 
keep the room clean when washing down. A locker 
whose dimensions are too large will cause careless­
ness, and it will soon become a storehouse. 

Drinking foimtains should be installed in every in­
dustrial building. Those which afford the utmost in 
sanitary qualities and are the least complicated in 
the operation are the tv-pe to consider. The stream 
of water should be easy for one to receive, and its 
waste should fall free of the supply orifice. I t is bet­
ter to have the controlling valve separate rather than 
part of the bubbler. The drinking fountain as an in­
dividual fixture is to be preferred to a bubbler in 
conjunction with another fixture. The latter method 
allows but one to use the combination fixture, which 
often causes delay and therefore wa.ste of time. It 
also has the appearance of a makeshift, and does 
not encourage care and cleanliness. Distribute the 
fountains well. The locations for the fountains are 
best determined after a study of floor areas and the 
distribution of emplo3'es, as the element of time be­
comes more important the greater the number of 
employes. Most of the industrial centers have water 
which has been filtered before it is used by the com­
munity, and therefore it is not necessary to have 
an elaborate purifying plant in the building where 
the people work. Cooling the water is an expensive 
proposition as a matter of maintenance and as to 
the installation of the necessary apparatus. 
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S i n c e the l o n g f r o n t a g e of th i s s t r u c t u r e o c c u p i e s a 
p r o m i n e n t site on C h i c a g o s s y s t e m of b o u l e v a r d s , it h a s 
r e c e i v e d c a r e f u l a r c h i t e c t u r a l s tudy . U s e h a s been m a d e 
of s tee l c o n s t r u c t i o n , the e x t e r i o r m a t e r i a l s b e i n g b r i c k 
w i t h t r i m m i n g of s tone a n d c o n c r e t e . S t e e l s a s h a r e 

u s e d for w i n d o w s . It is sa id to be the l a r g e s t c a n d y f a c ­
t o r y in the w o r l d , but p r o v i s i o n s h a v e b e e n m a d e f o r 
f u t u r e a d d i t i o n s as i n d i c a t e d on the m a i n f loor p l a n . 
T h e p l a n w a s b a s e d on c o n t i n u o u s s t u d y of p l a n t o p e r a ­
t ions for t w o m o n t h s b y a n a r c h i t e c t a n d e n g i n e e r 

C A N D Y F A C T O R Y F O R B U N T E B R O T H E R S . F R A N K L I N B O U L E V A R D . C H I C A G O 

R I C H A R D E , S C H M I D T . G A R D E N & M A R T I N , A R C H I T E C T S 
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G E N E R A L E X T E R I O R V I E W 

CO 

D E T A I L O F T O W E R E N T R A N C E 

V I C T O R M F G . & G A S K E T C O . P L A N T . C H I C A G O 

A L F R E D S. A L S C H U L E R , A R C H I T E C T 



V I C T O R M F G . & G A S K E T C O . P L A N T . 

C H I C A G O 

i l l u s t r a t i o n s o n P l a t e 4 8 

Type of construction: Reinforced con­
crete. 

Exterior materials: Reddish brown, 
rough textured brick laid with strip 
joints; terra cotta trimmings. 

Interior materials: Plaster walls with 
wood trim. 

Windows: Steel sash for lower floors; 
wooden sash above. 

Heating and ventilating: Provided by 
three I50-h.p. horizontal return 
tubular boilers with Dutch oven ex­
tension furnaces operated at high 
pressure. The factory portion is 
heated by a hot blast system. The 
main supply fans are driven by an 
engine. The air is washed and the 
heating coils are supplied with high 
pressure steam direct from the 
boilers, and the remainder with low 
pressure steam or exhaust steam 
from the engine driving the blast 
system. The system is used for 
ventilation in summer. 

General contract placed: 1919. 
Total cost of building: $365,100. 
Cubic foot cost: 20 cents. 
Use of building: Manufacture of gas­

kets for automobile engines. 
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G E N E R A L V I E W O F P L A N T 

S C A L E O F F E E T 
UV.ll 

O E N E l l A L 

O F F I C E 

C I T Y B O O K K E E P E B S L 

L O B B Y 

O F F I C E I O F F I C E I O F F I C E D I K E C T -

F I R S T F L O O R P L A N O F O F F I C E S 
T y p e of c o n s t r u c t i o n : R e i n f o r c e d c o n c r e t e , m i l l 
c o n s t r u c t i o n , a n d b r i c k a n d steel . L i v e floor 
l o a d s in w a r e h o u s e a n d a s s e m b l i n g b u i l d i n g 
a r e I 73 p o u n d s p e r s q u a r e foot. P l a n t is u s e d 
for the m a n u f a c t u r e of s toves a n d f u r n a c e s . 
E x t e r i o r m a t e r i a l s : H a r d , red m a c h i n e p r e s s e d 
b r i c k o r w a s h e d c o n c r e t e . R o o f s : c o m p o s i t i o n 

a n d t i le . 

n t e r i o r m a t e r i a l s : C o m m o n h a r d b r i c k w a l l s 
w i t h too led j o i n t s ; c o n c r e t e c e i l i n g s a n d floors. 
W i n d o w s : S t e e l s a s h a n d f a c t o r y r i b b e d glass . 
S a s h in m o u l d i n g s h o p c o n t i n u o u s . S a s h c a r ­

ried to w i t h i n 2 i n c h e s of c e i l i n g s . 
H e a t i n g : D i r e c t r a d i a t i o n e x c e p t i n m o u l d i n g 
s h o p w h e r e p l e n u m c h a m b e r a n d d u c t s y s t e m 

a r e used . 

D a t e of g e n e r a l c o n t r a c t : O c t o b e r , 1 9 1 9 . 
C u b i c foot cost : 2 8 cent s . 

D E T A I L O F O F F I C E E N T R A N C E 

B R I D G E & B E A C H M A N U F A C T U R I N G C O . P L A N T . S T . L O U I S 

K L I P S T E I N & R A T H M A N N . A R C H I T E C T S 
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T y p e of c o n s t r u c t i o n : R e i n f o r c e d c o n c r e t e , flat-slab 
floors. 

E x t e r i o r m a t e r i a l s : R o u g h red f a c e b r i c k , I n d i a n a l i m e ­
s tone t r i m . 

I n t e r i o r flnish: O a k a n d t e r r a z z o a n d c e m e n t floors. 

F l o o r l o a d s : F i r s t , 5 0 0 p o u n d s ; s e c o n d , 4 0 0 ; t h i r d a n d 
f o u r t h , 3 0 0 . a n d fifth, 2 0 0 . 

H e a t i n g : D i r e c t r a d i a t i o n . 

1? J O g o 30 4<? 3Q 60 
SCALE o r FEET OmCEH 

• • • ''—I * • " OmCl # 1 - J 
TSJSCt tOOM. j 

f l A T f O J L X t : ^'^^ 

r " TUI 
•HJlCf.PTIl'jKl OBBY VESTIBIIlt 

o r n : i i o n n 

. M , 

F I R S T F L O O R P L A N 

W i n d o w s : W o o d a n d m e t a l s a s h . 

D a t e of g e n e r a l c o n t r a c t : O c t o b e r , 1 9 1 9 . 

T o t a l b u i l d i n g cos t : $ 2 4 6 , 7 3 1 . 1 8 ( e x c l u s i v e of p r o f e s ­
s i o n a l f e e s ) . 

C u b i c foot cos t : 2 0 cent s . 

U s e of b u i l d i n g : W a r e h o u s e f o r m e r c h a n d i s e j o b b e r s . 
S p e c i a l d e t a i l s i n c l u d e a c o n t i n u o u s c h u t e f r o m floor to 
floor f o r the h a n d l i n g of m e r c h a n d i s e , a n d c o l d s t o r a g e 

e q u i p m e n t w i t h n e c e s s a r y m a c h i n e r y in b a s e m e n t . 

T Y P I C A L F L O O R P L A N 

W A R E H O U S E O F T H E G E O . B O B B & S O N S C O . , C O L U M B U S , O H I O 

F R A N K L . P A C K A R D . A R C H I T E C T 
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G E N E R A L E X T E R I O R V I E W 

ma c u a c i D o a . 

HtATlAQ 

f A C T O l Y DI3PUV 

P f P l SHOP 

0 3 W 20 so *0 X 6C 
acAit Of ^ttT 

COAL 
ULTI BOlLlfi. 

T y p e of c o n s t r u c t i o n : F l a t - s l a b , r e i n ­
f o r c e d c o n c r e t e s k e l e t o n ; b r i c k w a l l s . 
F l o o r l o a d s d e s i g n e d for 2 0 0 p o u n d s 
p e r s q u a r e foot. B u i l d i n g p l a n n e d to 

c a r r y two m o r e s tor i e s . 

E x t e r i o r m a t e r i a l s : G r a n i t e a n d b r i c k . 
T e r r a c o t t a c a r t o u c b e s . 

W i n d o w s : W o o d d o u b l e - h u n g s a s h on 
f irst floor; steel s a s h e l s e w h e r e . 

H e a t i n g : V a c u u m s y s t e m . 

D a t e o f g e n e r a l c o n t r a c t : M a y . 1 9 1 9 . 

T o t a l c o s t o f b u i l d i n g : $ 3 2 0 , 0 0 0 . 

C u b i c foot cost : 23J/2 c e n t s . 

U s e of b u i l d i n g : W a r e h o u s e , p l u m b i n g 
a n d h e a t i n g s u p p l i e s . T h e d i s p l a y 
r o o m s for p l u m b i n g fixtures a n d the 
e x e c u t i v e of f ices o c c u p y the s tree t 
f r o n t a g e of the l o w e r floor; s h i p p i n g 
r o o m a n d s torage s p a c e s a r e in the 
r e a r ; o p e n s t o r a g e floors a r e a b o v e . 

F I R S T F L O O R P L A N 

W A R E H O U S E O F T H E W A L W O R T H - O H I O C O M P A N Y . C L E V E L A N D 

T H E C H R I S T I A N . S C H W A R Z E N B E R G & G A E D E C O . . E N G I N E E R S 





Heating and Ventilation of Industrial Buildings 
B j , C H A R L E S A . F U L L E R 

Consulling Engineer, Neli) Yorl( 

' I ""HERE are three general types of systems to 
I be considered in the solution of the heating 

X problem for the average industrial plant, and 
they may be broadly classified as: (1) the "direct 
steam." (2) "forced hot water," and (3) "hot blast" 
systems. There are, of course, several sub­
divisions under each of these main heads. Before 
any consideration can be given the sub-divisions, 
however, the first question to be answered is. Which 
of these particular systems is the most adaptable 
and the best suited for the particular plant in 
question ? 

Unfortunately, it is c i i l y in a very few isolated 
cases that the engineer has the advantage of being 
able to start with an entirely new proposition. I n 
such a case, his one and only problem is that of 
economy, and by economy is meant not only oper­
ating cost, but also general health, comfort and per­
sonal eHiciency of employes. Usually, however, the 
engineer is called in only after the plant has been in 
existence a number of years. Expansion has taken 
place along no definite, well organized lines, and the 
heating equipment has been installed by inexperi­
enced contractors without consideration of economy 
or future growth. I t is a proposition of this kind 
which involves the most difficult problems for solu­
tion, because the engineer is obliged to work, so 
far as possible, with (.-xisting e ( | u i | i nun i . Other­
wise he will incur for his client heavy installation 
costs. 

The writer has in mind a recent installation in 
a large industrial plant composed of several build­
ings of various types of construction. A forced 
hot water heating system would have met the re­
quirements in an ideal manner, as to both economi­
cal use of exhaust steam and distribution of heat to 
the various buildings. Unfortunately, however, of 
all the radiation installed throughout the plant, prac­
tically none would have been applicable in connec­
tion with the use of hot water as a heating medium. 
The installation cost of an entirely new hot water 
system, with all of the existing radiation discarded, 
would have been so excessive as compared to that 
of a low pressure, sieam distributing sy.stem. mak­
ing use of all of the old radiation, that the interest 
on the additional investment would have more than 
counteracted the gain in economy. 

Forced Hot Water System 

One of the principal advantages of the forced 
hot water system in an industrial plant coiriposed 
of several isolated buildings to be heated f rom a 
central plant is that the water can be circulated 
throughout the entire group f rom the central plant, 
irrespective of the relative elevations of the various 

buildings. The flow and return mains can be run 
underground or overhead as desired, and thus inter­
ference with roadways, traveling cranes, etc., can 
be avoided. Furthermore, the control of the amount 
of heat distributed to each building is entirely in 
the hands of the operating engineer. The flow and 
return temperatures can be controlled at the power 
plant in accordance with the outside wind and tem­
perature conditions. A wide variation of water 
temperature is easily obtainable, so that the maxi­
mum and minimum can readily be taken care of. 
W i t h steam distribution the temperature of the 
heating niediuni is practically constant, so that the 
control of the heat for varying weather conditions 
must be left entirely to the occupants of the build­
ing. The result is that an excessive amount of 
steam is used during mild weather. 

Another advantage of forced hot water heating 
is the economy in the use of exhaust steam from 
generating units where the power load and heating 
load are nearly equal. Where condensing water is 
available, condensing engines or turbines can be 
installed and the hot water converters, used in con­
nection with the heating system, can be substituted 
for the condensers during the heating season. The 
amount of vacuum carried on the generating units 
can then be varied to conform to the weather con­
ditions and the required water temperatures on the 
heating system thus obtained. 

Steam Heating Systems 

Low pressure steam is undoubtedly most widely 
used in industrial heating, the distribution being 
obtained by means of some form of vacuum system. 
The term "vacuum system," as generally apj)lied, is 
somewhat misleading, since it would imply that 
steam is circulated throughout the system below 
atni(i>i)hcrit- p r c r - ^ i i r i ' . T l i i - i~ nor i l i r ci ' -c. how­
ever, as a vacuum is maintained only on the return 
system—that is, between the return trap on each 
heating unit and the vacuum pump in the power 
plant. The pressure carried on the supply main and 
the healing units usually varies f rom a few ounces 
to 1 or 2 pounds. 

A vacuum system of steam distribution is well 
adapted for industrial plants, particularly where 
exhaust steam f rom generating units is to be used. 
The reason is that this exhaust steam can be cir­
culated easily throughout the long horizontal runs 
which are usually encountered, with a maximum of 
1 pound pressure on the supply main at the power 
plant. The back pressure on the generating units 
is therefore very low, and consequently their effi­
ciency is considerably increased. The circulation 
throughout the plant in the mornings, before the 
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generating units are started, is accomplished much 
more rapidly than with the gravity system, and the 
amount of live steam necessary during this period 
for actual heating is kept down to a minimum. 

F i g . 2 . D e t a i l S h o w i n g M e t h o d of D r i p p i n g the B a s e s o f 
R i s e r s a n d T a k i n g O f f R a d i a t o r C o n n e c t i o n s 
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The downfeed system, 
with the distributing mains 
located on the ceiling of the 
top floor, usually provides the 
best type of pii)ing arrange­
ment for factory construc­
tion. The mains can be left 
exposed, and the additional 
radiation thus obtained will 
usually compensate for the 
heat loss through the roof. 
Othen\'ise, the sizes of the 
radiators on the top floor 
would have to be excessively 
large. 

Fig. 1 shows the usual ar­
rangement for the downfeed 
system. This also illustrates 
a good method of installing 
expansion loops in the sup])ly 
mains. The method of mak­
ing the riser connections, to­
gether with their cut-out 
valves, is also shown in this 
illustration. 

Wal l radiators are un­
doubtedly the best type of 
heating units to use in the 

average factory construction. In the case of such 
construction large window areas are usually en­
countered, and the wall radiators can be so propor­
tioned as to fill the entire bay, thus providing even 
distribution of heat. This arrangement is clearly 
shown in Fig. 1, as well as the method of making 
the supply and return connections from the risers 
to the radiators. Fig. 2 illustrates a typical method 
of dripping the bases of these risers on the first 
floor, and of taking off the first floor radiator con­
nections above the drip points. In the plant to 
which these illustrations refer there was no base­
ment, and the return mains were run in trenches in 
the floor. The method of making the riser connec­
tions, together with their cut-out valves, is also 
shown. 

Hot Blast Heating 

There has been considerable discussion among 
engineers regarding the respective merits of hot 
blast heating and direct radiation, as applied to in­
dustrial heating. In the writer's opinion there are 
few cases in which the arguments do not strongly 
warrant the adoption of the hot blast method. 

I n order properly to analyze the comparison be­
tween the two systems, we must consider them from 
the standpoint of both installation costs and of oper­
ating costs. I t seems to be the consensus of opinion 
that the hot blast system is more expensive to in­
stall than the direct radiating system, but the writer 
has found, in the cases of two different types of 
buildings, by direct comparison of actual estimates, 
that the direct system was considerably more expen-



September, 1923 T H E A R C H I T E C T U R A L F O R U M 133 

sive in terms of first cost. I n one particular case 
the owners obtained, from various contractors, esti­
mates on a direct .system for a new machine shop. 
The lowest estimate received, for this system, was 
$33,000. The writer was called in at this point, and 
a hot blast system was immediately recommended. 
Plans and specifications were prepared, and the con­
tract awarded for approxim.ately $22,000. The type 
of building was the standard one-story machine 
shop with high ceilings and a large proportion of 
exposed glass area. In the case of the multipk--
si(iry building, with f rom 12- to 14-foot .story 
heights, the cost of the two systems would be more 
nearly equal, for reasons which will be given later. 
Fig. 3 illustrates the exterior of a machine shop at 
Cleveland. The conditions in this type of buildings 
are ideal for the hot blast system as compared to 
the direct system. When these two systems are de­
signed to meet the same conditions, the comparative 
co.sts wi l l be found to be approximately in the ratio 
as shown by the figures already given. 

Comparative Economies 

When a building of the type just mentioned is 
heated by direct radiation, it wil l be found that the 
temperatures in the upper portion are considerably 
above the temperatures near the floor line. This 
condition must be taken into account when the nec­
essary radiation is being estimated. A certain per­
centage must be added to the heat loss through the 
walls and glass to compensate for the higher tem­
peratures in the upper section of the building. The 
percentage to be added wil l depend upon the maxi­
mum ceiling height, but it should be at least 1 per 
cent for each foot over 12. Not only does the addi­
tional radiation thus required represent additional 
installation cost, but it represents also an additional 

yearly operating eost. Wi th a properly designed 
hot blast system, the temperatures throughout the 
entire building can be kept practically uniform, and 
the excess heat loss at the upper portion can be 
wholly eliminated. There is also an excessive heat 
loss through the walls directly behind the heating 
coils, owing to the high temperatures at these points. 
Practically all of the wall spaces below the windows 
will be covered with wall radiation, because this is 
not only the most desirable, but also the only avail­
able wall space for radiator location. The amount 
of wall area thus covered wil l represent a large per­
centage of the total exposed wall area. 

The power cost for motor operation in connec­
tion with the hot blast system must naturally be 
taken into account. In the writer's opinion, how­
ever, the fuel .saving represented by the two plants 
outlined here will be considerably in excess of the 
expense involved. 

Another point in favor of the hot blast system 
is the element represented by the time required to 
warm the building in the morning. Properly ar­
ranged recirculating dampers, which should always 
be provided, and ample heating surface in tlie in­
direct heating stacks, wi l l make it possible to raise 
the temperature of the building much more rapidly 
than would otherwise be the case. Moreover, be­
cause steam wil l have to be supplied to the building 
for a much briefer period of time, a considerable 
fuel saving will be effected. 

Fig. 4 shows the plan of the hot blast system 
installed in the same i)lant at Cleveland, the exterior 
of which was shown in Fig. 3. The interior of the 
completed installation is presented in Fig. 5. This 
.shows the method of installing the main supply 
ducts in the roof trusses, and also the branch supply 
duels extending down the sides of the columns. I n 

F i g . 3. M a c h i n e S h o p , E . W . B l i s s C o . , C l e v e l a n d 
A T y p e o f I n d u s t r i a l B u i l d i n g S p e c i a l l y A d a p t e d to H o t B l a s t S y s t e m of H e a t i n g 

Charles A . Ful ler and Griggs & Myers. Consulting Engineers 



134 T H E A R C H I T E C T U R A L F O R U M September, 1923 

this manner the entire duct system was so located 
that it neither occupied desirable working space nor 
interfered with the free passage of the traveling 
cranes. The air outlets were carried down to within 
about 10 feet f rom the floor, and each was provided 
with a damper. The angle of discharge is approxi­
mately shown in the illustration. On each side of 
the building there are two separate and distinct 
units, as shown on the plan. Such an arrangement 
is very desirable from the standpoint of breakdown 
service. Actual operation has proved, also, that it 
is necessary to operate only one equipment at a time 
during the greater portion of the heating season, i f 
this arrangement is adopted. By alternating from 
one unit to the other at infrequent intervals during 
the day, a fairly even temperature can be maintained. 

Details of Design 

The building mider discussion is devoted entirely 
to machine shop work. Consequently, the number 
of occupants is small in proportion to the volume of 
the room. The problem of design was therefore 
purely a prol)lem of heating. The question of venti­
lation was not considered, since the ordinary leakage 
through the excessively large window areas was 
more than ample to supply fresh air for the occu­
pants. The amount of air to be handled was there­
fore determined on the basis of the total heat loss 
from the building and an assumed maximum tem­
perature of the entering air. 

The building is 350 feet long and 125 feet wide 
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at the Moor lini'. There are approximately 25,000 
.square feet of glass. 1.500 square feet of 9-inch wall, 
45.000 square feet of roof, and 43,500 square feet 
of floor. The heat loss was estimated on a basis of a 
70° room temperature, with an outside temperature 
of 10° below zero. The transmission factors as­
sumed were: 

9-;nch w a l l 4 B.t .u . per h o u r 
G l a s s I.O 
R o o f 3 " " " 

The transmission through the concrete floor was 
taken at .3 B. t. u. per degree of difl'erence per hour, 
with 20 degrees maximum temperature difference. 
The total heat loss, with 10 per cent added for ex­
posure, and 20 degrees for leakage, was 4.565,000 
B. t. u. per hour. The temperature of air leaving 
the outlets was assumed at a maximum of 120°, an 
estimate which allowed for an available temperature 
drop of 50 degrees per cubic foot for heating. The 
amount of air to be handled was then obtained thus: 

4.565.000 X 55 = 5.022.000 cubic feet per h o u r , or 
50 8.3,700 cubic feet per minute 

Each fan was designed to handle 45.000 c. f. m. 
against a static pressure of 1^4. the motor being 20-
h.p. variable speed type. 

The indirect heating stacks for each of the two 
units contained 3,400 square feet of heating .surface, 
so arranged as to heat the total quantity of air f rom 
a temperature of 40° to a temperature of 130°. 
I l ; i \ ing the air leave the heater at 130° allowed a 
ii iiijierature drop of 10 degrees in the duct system. 
The entering temperature was taken at 40° to allow 
for temperature in the morning. 

Tlu' duct sy>iem of air distribution was designed 
on the basis of a friction drop of .1 inch water 
^ruige per 100 feet of straight pipe. When the duct 
sizes are designed in this manner, the velocity of 
air in the different sections decreases toward the end 
as the duct sizes decrease. A n equal flow of air is 
then obtained f rom each outlet without the use of 
deflecting dampers at the branch outlets. The veloc­
ity in the main trunk duct back of the first branch 
is approximately 1,500 feet per minute, and this 
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velocity is decreased to about 900 feet at the end. 
The velocity in the vertical drops f rom the main 
trunk duct is decreased, immediately after the branch 
is taken from the main trunk duct, to 600 feet per 
nuiuUe and the outlet velocity to 500 feet per minute. 
A discharge velocity of 500 feet per minute will give 
a uniform temperature distribution throughout the 
entire room, and wil l not produce objectionable 
drafts, provided the outlets are placed at a height 
not less than 10 feet f rom the floor line. 

Tlie angle of discharge of the outlets leading to the 
center in the case under consideration was so ar­
ranged that the two currents of air would meet ap­
proximately at the floor line, and on the center line of 
the building. The outlets discharging toward the out­
side wall were arranged in such a way that the cur­
rent would meet the floor directly at the outside wall 
line. A l l outlets were so constructed as to have the 
same area. The drops at each end of the duct sys­
tem were provided with three outlets. One of these 
discharged toward the end wall, and was designed 
to carry 50 per cent more than the others in order 
to compensate for the heat loss at the ends of the 
building. 

A n examination of the sizes given on the j)lan 
wil l show that the dimensions of the branch connec-
lii us directly at the main duct vary in size and are 
increased toward the end of each duct. The verti­
cal drops beyond the.se connections, however, are all 
of uniform size, except the ends. ; \n equal quantity 
of air is desired from each outlet, and the sizes of 

these branches are obtained on the basis of assum­
ing that the velocity of flow f rom the branch duct 
is the same as that in the main duct at the point f rom 
which the branch is taken. Since the velocities are 
lower toward the end. these connections must natur­
ally be increased in size in proportion to the decrease 
of the velocity. 

Temperature Control 

The important problem of automatic temperature 
regulation in connection with industrial heating is 
too frequently overlooked. I t has an extremely im­
portant bearing upon the subject, from two distinct 
standpoints: 
1. Economy of operation. 
2. Personal comfort and the efficiency of the em­

ploye. 
In regard to the first point, the average heating 

plant, particularly one in which steam is used, is 
operated in an extremely extravagant manner, when 
automatic regulation is not provided. Little or no 
attemjjt is made to regulate the room temperature 
by controlling the amount of steam distributed to the 
heating units in mild weather. The temperature 
control is usually accomplished merely by the open­
ing of windows, a method which will frequently re­
sult in an even higher rate of steam consumption 
than in severe weather with the windows closed. 
Moreover, the windows are often left open after 
working hours, and sometimes even during the 
night, so that there is an increased demand for steam 
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in the morning. Automatic temperature regulation, 
properly installed and maintained, will eliminate a 
large part of this steam waste. Thermostats should 
be arranged in such a way that they cannot be 
tampered with by the occupants. As to the second 
point, it has been found that proper control of the 
room temperature has a greater bearing on the phy­
sical comfort and the efficiency of the occupants 
than ade(juate ventilation. In the writer's opinion, 
therefore, the increased output on the part of the 
employe as a result of properly regulated room tem­
perature would alone prove a good financial return. 

Air Conditions 

In various kinds of manufacturing plants the 
question of air conditioning becomes one of great 
importance. In textile mills the air must be kept 
at a constant degree of humidity in order that the 
fabrics may be handled with the greatest possible 
efficiency. In plants where various kinds of con­
fectionery are manufactured the air must be main­
tained at a constant temperature as well as at a 
uniform relative humidity both summer and winter. 
Thus, in such instances, one has to consider the 
problem of mechanical refrigeration and dehumidi-
fication in the summer and the reverse of the.se proc-
(•-.-('s ill i l ir winter. .Ml of these desired conditinns 
can be readily obtained by means of the indirect sys­
tem, as outlined here, combined with the proper 
apparatus inserted in the air intake to the fan. 

I f the problem in\olves only the (juestion of 
humidity control, as in the case of textile mills and 
similar plants, it is then necessary only to install 
some form of air washer with automatic control of 
the temperature of water going to the sprays and of 
the various sections of heating stacks. I f it is de­
sired to maintain a certain specified relative humidity 
with a room temperature of 70°. it is a simple matter 
to determine, in grains per cubic foot, how much 
moisture should be contained in the air entering the 
room. I f the sprays are properly designed, the air 

leaving the .sprays, and before entering the reheating 
stacks, will be saturated, or in other words will con­
tain 100 per cent relative humidity. 

By means of p s y c h r o i 7 i e t r i c charts or tables it is 
i)ossible to determine the temperature of air at sat­
uration, or "dew point." when it contains the re-
(I'.iired amount of moisture. The air will contain 
the desired amount of moisture i f the thermostats 
are in.serted in front of the reheating coils, control­
ling the water to the sprays and steam to the temper­
ing coils. The air is then held constantly at this pre­
determined temperature As the air leaves the air 
washer it passes through reheating coils, and in 
some cases may be raised above the desired final 
room temperature as, for example, when the heat­
ing of the room is accomplished by means of the in­
direct system. Such procedure, however, does not 
aff^ect the final desired results, as the alternate heat­
ing and cooling of the air does not change the weight 
of moisture contained in the air, or in other words the 
"alisolute humidity." When the air. after entering the 
room, cools down to the desired room temperature 
of 70°. thus giving up its sensible heat to counteract 
the loss through exposed walls and glass, its "rela­
tive humidity" will be at the desired point. Proper 
allowance must be made, however, for any factors 
within the room which might affect these conditions, 
and the "dew point" or temperature of .saturation as 
just described, must be adjusted accordingly. 

When it is desired to cool the air artificially in the 
summer, and to maintain a constant temperature 
with a fixed relative humidity, the problem becomes 
somewhat more complicated. Let us consider for 
illustration a warm day when the relative humidity 
is extremely high. I t would require only a few de­
grees' lowering of the temperature before satura­
tion, or the "dew point." would be reached. In order 
to lower the tem])erature below this point, a ])ortion 
of the water vapor mu.st be conden.sed, or its "latent 
heat" removed. The amount of heat which must be 
extracted in order to condense the water vapor rep-
ri si 'Uled by a given number of degrees' drop in the 
air temperature is several times as much as the spe­
cific heat of air through this same range of tempera­
ture. Furthermore, as already pointed out. in order 
lo prddnee a specified relative luunidity at some 
L ; i \ en temperature, it is necessary to lower the tem­
perature below the given point and then to bring 
the air up to its required temperature. A study of 
the thermodynamics of this operation wil l readily 
show why .so much more power is required to lower 
the air temperature through a given range than to 
rai.se its temperature an ecpiivalent amount. 

The cost of refrigerating mounts so rapidly with 
the quantity of air to be handled that from a practi­
cal standpoint it can be considered only under condi­
tions that make refrigeration an absolute necessity. 
As to the question of physical comfort in extreme 
summer weather, it is vastly more important to 
lower the relative humidity than to lower the 
actual air temperature in the room. 



Power Provision and Steam Plant Design 
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IN treating a technical subject in a non-technical 
manner, there is grave danger of maltreatment. 

In these pages an attempt will be made to give 
a bird's-eye view of the essentials of a steam power 
plant. I t is hoped that the picture may illustrate 
some points in such a manner that their importance 
will be emphasized. 

Essentials of a Steam Plant 

The first essential is a properly designed building 
or space to house the apparatus. Thousands of 
dollars have been and are being wasted because 
apparatus has been crowded into inadequate or im­
properly arranged spaces. This can be avoided by 
the intelligent co-operation of the architect and the 
engineer. The proper arrangement is that where 
there is reasonable room to get at all parts of the 
apparatus; where the fuel is most conveniently lo­
cated, and ashes can be removed economically. 
Steam plants are located either in specially designed 
power hou.ses or in spaces provided in larger build­
ings, often office buildings. The best results are 
obtained where the building is specially designed. 

Much care and thought are spent on the r|ucstion 
of economical operation. The ideal arrangement 
for using coal is to have it dumped into a hopper. 
I t then passes down through the crusher to the 
conveyer, and is carried up and di.stributed auto­
matically into the overhead coal storage hoppers. 
From the bottom, opposite each boiler, is a gate and 
chute which feeds the coal down to each boiler. 
The coal to each boiler is weighed and recorded on 
the joumey down. The stoker hoppers receive the 
coal, and it is gradually fed into the furnace by the 
stokers. The rate of combustion is .shown by the 
recording and indicating charts and gauges. The 
man in charge does not touch the coal. He simply 
watches the indicators, and moves a lever or valve 
as may be necessary. 

The steam flow meter shows at all times whether 
a boiler is carrying its share of the load. The stoker 
receives the coal, and as it burns it is gradually 
worked a'ong to the opposite side of the furnace 
where periodical!}- tlie ashes are dumped into the 
ash hopper below the boiler. A n ash car or some 
form of conveyer is used to remove these ashes to 
an overhead ash storage hopper. This is arranged 
to store ashes for perhaps a week's run. It is ar­
ranged with a gate in the bottom, properly protected 
from freezing in winter, so that by .simply pulling 
a lever a truck is quickly loaded. While such an 
arrangement necessitates a considerable investment, 
there is a tremendous saving in labor as well as 
economy of fuel over the man-power sy.stem. 

There is a twilight zone between the large and 

the small plant. Each plant problem requires its 
own solution. I n solving it. all conditions must be 
taken into consideration. The cost of labor, fuel, 
disposal of ashes, size of load, load factors, 
space rental and other items must be considered. 

Many steam plants installed in office and similar 
buildings are handicapped by lack of space. There 
was a saving in building cost, but the owner has 
probably paid out many times the amount saved in 
additional cost for labor and fuel, due to lack of 
economy of his boilers. This situation, however, is 
easily understood. The use of steam for industrial 
and heating purposes has been developed principally 
during the last 75 or 80 years. 

In earlier days buildings were heated by stoves 
or fireplaces, and only brick flues were provided. 
As the advantages of steam heat became known, it 
came gradually into use. Architects and contractors 
worked out the recjuirements. Gradually the archi­
tect came to realize that space must be provided in 
the basement for the heating apparatus. He de­
signed the building, .set aside certain spaces, let the 
general contract, and told the heating contractor that 
was where his apparatus must go. To keep down 
the building cost this space was often too restricted, 
but the apparatus worked, and the heating contractor 
got his money. 

At the present time there is an abundance of data 
available and engineers know how to use it. Nearly 
all the leading architects today either have their own 
engineers, or an independent engineer makes the 
necessary calculation for .space, and it is carefully 
provided in the building design. For smaller plants 
where there is neither .space available nor coal 
enough burned to warrant the investment for me­
chanical stokers, coal conveyers, etc.. as outlined 
here, there are less expensive hand stokers and other 
apparatus which tend to keep down the operating 
cost. Many of these smaller plants are fairly eco­
nomical, but as a rule they are not as economical 
as the larger plants. 

I'erliaps the next most important thing is the 
chimney. Whether the draft is by gravity, forced 
or induced, or a c(»ml)ination of these, the chimney 
should always be ample. I f there is possibility of 
future growth, the chimney should be calculated for 
the maximum load. I t will cost comparatively little 
extra. We have often seen plants which have out­
grown the chimney, and remedying i t is usually a 
difficult and expensive operation. 

Boilers and Auxiliaries 
The boiler equijMnent is the heart of a power 

plant, and the selection of the apparatus and its 
arrangement should be given very careful study. 
Fuel economy is almo.st entirely dependent on the 
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success of this part of the design, and it is here that 
the largest share of the operating expense is involved. 

There are so many considerations involved in 
deciding on the number and type of boilers for a 
given installation that it is impossilile to lay down 
any rules which would be applicable in all cases. 
Each installation forms a separate problem. There 
is an endless variety of boilers and fumaces on the 
market, but in general they may be classified as 
being either of the fire-tube or the water-tube type. 
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I n the fire-tube type the products of combustion 
pass through the tubes, the water occupying the 
spaces around them. In the water-tube type the 
water passes through the tubes, and the gases sur­
round them. As far as efficiency is concerned, tests 
have shown the two types to be approximately equal. 
Fire-tube boilers are bmlt in commercial sizes of 
from 15- to 200-horse power and for pressures up 
to 150 pounds. I t is not practical, for structural 
reasons, to exceed these sizes and pressure. The 

water circulation is not so rapid 
as in the water-tube type, and 
consequently l)oilers of this kind 
do not adapt themselves so readily 
to meeting the varying demands 
of a widely fluctuating load, 
where rapid forcmg may be 
necessary at times. They do not 
require as much headroom as 
water-tube boilers for units of 
equal capacity, but they take up 
more floor space. Water-tube 
boilers can be made of larger sizes 
than are possible with the fire-
tube type. They have greater 
overload capacity, respond more 
quickly to sudden demands, and 
are safer for higher pressures 
than the other type. 

When deciding upon the type 
of boiler to use, it is necessary, 
therefore, to take into account the 
headroom and floor space avail­
able, the nature of the load to be 
carried, the size of units most de­
sirable, and the pressure at which 
the plant is to be operated. I f 
either type will meet these condi­
tions equally well, first cost should 
be considered, and it wil l usually 
be decided in favor of the fire-
tube boiler. 

I t is difficult to estimate cor­
rectly the load which a plant wi l l 
have to carry, and allowance 
should be made for the fact that 
any calculations based on such an 
estimate can be only approximate. 
Provision should be made to 
handle the maximum estimated 
load, and there should be in ad­
dition sufficient reserve capacity 
to furnish a spare unit in case of 
breakdown and to permit of any 
units being cut out for cleaning 
or repairs. 

The rating at which the boilers 
can be operated most economically 
depends primarily on the nature 
of the load. Loads may be classi­
fied into four broad groups, (1) 
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continuous constant load, (2) continuous variable 
load, (3) 10- or 12-hour constant load, and (4) 
10- or 12-hour variable load. The most economical 
rating at which the boilers will run will vary with 
these groups. Particular care should be taken to 
provide sufficient intensity of draft, especially 
where Ijoilers are to be run above normal rating, so 
that the amount of friction in uptakes and main 
flue can be reduced to a minimum. 

The setting provided for the boilers is an im­
portant part of the equipment. Ample combustion 
space should be furnished, fu l l consideration being 
given to the kind of fuel to be used, method of 
firing, length of travel of flue gases, and ease of 
cleaning and repairs. The ash pit should be large 
enough to hold from 14 to 16 hours' accunutlation 
of ashes, so that ash removal wi l l not be necessary 
during night shifts. As boiler settings are subjected 
to greatly varying temperatures, the design should 
be such as to prevent, as far as possible, any strains 
which will cause cracks and consequent infiltration 
of air, resulting in seriously impaired efficiency. 
Prevention of the radiation of heat f rom boiler set-
liii^s is well worth the extra expense involved in 
insulating the walls. When we realize that we 
have a temperature of between 2500 and 3000° 
Fahr. in the combustion chamber, it can be easily 
seen how much loss is possible. The comfort of 
the operating staff is also increased by insulating the 
boiler walls, which is especially desirable where the 
boiler room forms a part of the building which it 
serves. 

Whenever high overloads are to be carried it is 
generally necessary to install mechanical stokers. 
These provide a continuous uniform feed to the 
boilers. They also pennit the economical use of 
cheap fuels, and give practically smokeless com­
bustion when properly installed. They are fre­
quently installed for the latter reasons, regardless 

of any other considerations. In all types of mechan­
ical stokers the coal is fed to the fire automatically 
from a hopper which is usually placed in front of 
the boilers. I f the coal is fed automatically to these 
hoppers f rom storage overhead and the ashes are 
automatically removed, there is of course consid­
erable saving in labor. The success of such in­
stallations depends on uniformity of feed, proper 
proportions of air and fuels, and use of self-clean­
ing grates. 

Economizers are often used to reclaim as much 
as possible of the heat f rom the flue gases. They 
usually consist of a series of vertical tubes sur­
rounded by an iron casing. The feed water passes 
through the tubes, and the waste gases from the 
boilers pass over them. The resistance to the flow 
of gas throngh the economizer is taken care of by 
means of an induced draft fan. Often the fact 
that such a fan is installed is used as a reason for 
decreasing the height of the chimney, but this is 
not always advisable since the flue gases at times 
may have to be carried off by gravity, owing to 
the economizer or fans being out of commission. 
I f the apparatus is installed in duplicate it is a 
question whether any economy is possible, owing 
to the cost. I n considering the advisability of 
installing economizers, not only the cost of the 
apparatus should be taken into account, but also the 
extra cost of the building, due to the considerable 
extra space necessary for using this equipment. 

Practically all modern central stations and large 
isolated power plants are equipped for the use of 
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superheated steam. In determining whether super­
heaters should he installed, such items as type and 
size of prime movers, character of service, first 
cost, piping, upkeep, etc., should be considered. 
Wi th a ])roperly designed superheater, integral with 
the boiler, the overall efficiency is usually somewhat 
higher than if saturated steam alone were generated. 
The increased economy of the prime mover may 
also make possible a reduction in the .sizes of boilers, 
conden.sers and other auxiliaries. 

Boiler feed pumps should be of ample capacity 
to carry the load at all times, with a spare unit for 
use in case of breakdown or repairs. Two types 
are in use,—reciprocating and centrifugal.—the 
former being the most popular, the latter, however, 
being gradually used to a greater extent in large 
plants. I t should be remembered that the smaller 
sizes of centrifugrd pumps have a comparatively 
low efficiency and should be avoided. When cen­
trifugal pumps are used they may be driven by 
eillicr steam or electricity. The choice will be 
determined by the conditions in respect to cost of 
current, etc. at the plant under consideration. In 
case electric drive is decided upon it would be wise 
to provide a steam-driven spare unit which could 
l)f >i.-irl(d when the electric current is cut off for 
any reason. Reciprocating pumps should be large 
enough to carry the maximum load when running 
at a low speed, as ihis will tend towards prolonging 
the life of the apparatus and minimizing the cost 
of repairs. 

I t is not good practice to feed cold water to the 
boilers, and a feed water heater is usually jjrovidc'l 
to preheat the water. As there is generally a cer­
tain amount of exhaust steam available, for which 
ilurc is no other use, considerable economy is 
realized by the use of this piece of apparatus. Even 
in those plants where the exhaust steam can be 
used for heating purposes, it is available for heat­
ing feed water during the nnn-heating season. Two 
r\pcs of heater are in general use,—the open and 
closed types. In the open type, the exhaust steam 
comes into contact with the water to be heated. 
I n the closed type the steam and water are kept 
separate, the heat exchange taking place through 
the tubes of the heater. 

I t is important that return tanks for the recep­
tion of condensed steam, which is to be returned 
to the boilers, should be sufficiently large, since 
otherwise a considerable amount of hot water may 
run to waste owing to the fact that whenever the 
plant has been shut down and started up again, 
the amount of returns is for a time greatly in ex­
cess of that during normal operation. 

An accurate record of the amount of steam gen­
erated .should be kept, and for this purj)ose there 
are several makes of steam flow meters on the 
market, any of which are satisfactory. There 
should be a separate meter on each boiler. This 
device, together with an automatic coal .scale for 
each boiler, wil l furnish a record of the overall 

efficiency of each boiler. I n many cases it is good 
practice also to meter the returns. In plants where 
part of the steam is used in such a manner that the 
condensate is wasted, the combination of steam flow 
;md condensate meters is especially valuable. 

As all natural waters contain some impurities, it 
is usually advisable to provide .some means of treat­
ing the feed water to prevent or reduce the forma­
tion of scale. The method to be used depends on 
the impurities present, and can only be decided after 
chemical analysis of the water. 

Intelligent operation of the boiler plant is 
necessary to obtain the best results, no matter how 
well designed and e(|ui|)])ed it may be. But how-
ex er .skillful the operating staff, it is at a great 
disadvantage i f means are not provided for indi­
cating just what is happening. Wherever prac­
ticable, instruments showing a continuous record 
should be installed. Among the most important 
items in this connection are those recording steam 
pressure, draft, flue gas temperature and compo­
sition, weight of coal fed to grates, weight of steam 
generated, temperature of feed water and tempera­
ture of returns. Sometimes an owner may de­
cide to omit such recording devices on account of 
their cost. This is a mistake, for they well repay 
the outlay involved. Not only do they furnish him 
with information by which he can see for himself 
the manner in which the plant is working, but the 
psychological effect on the working force is a valu­
able asset. 

Much of the apparatus which was formerly con­
trolled hy hand is now controlled automatically. A t 
some point, however, the operator's attention should 
be focussed, and the extent to which use of auto­
matic control is to be carried should be given very 
careful consideration in designing the details of 
the plant. 

Piping 

The mechanical equipment of the plant having 
been determined, consideration should be given to 
the piping system, and this should be done before 
the final dimensions of the space required for gen­
eration of power are fixed. Otherwise conditions 
may later arise requiring considerable modification 
of the original arrangement. Wi th the increased 
cost of construction there is a tendency to eliminate 
the apparently unnecessary spaces for pipes. Xo 
greater mistake can be made than lo cramp all .sorts 
(il ])ii)ing into inadetjuate spaces where they cannot 
be reached for repairs. 

I t is. of course, understood that i)iping is neces­
sary to make connections between the various pieces 
of plant ap])aratus and to the heating, domestic and 
process systems of the buildings served by the j)lant. 
These include high and low pressure steam, hot. 
cold and distilled water, compressed air, vacuum, 
vacuum cleaner, oil piping, refrigeration lines and 
possibly others i f required for process of manu­
facture. 
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This being a condensed description, it is impos­
sible to deal with elaborate specifications of pipe and 
fittings to be used in the various lines. In most 
of the lines there are well defined standards for 
pipe, fittings and valves. Special attention should 
be given to hot and cold water piping and to piping 
used for returning condensate to boilers, as the 
materials used are detennined largely by the 
geographical location of the plant. For instance, 
water in certain localities requires the use of genu­
ine wrought iron pipe for heating returns, whereas 
the steel pipe would be most economical. Another 
important item to be considered in the design of the 
piping systems is expansion and contraction in long 
runs. Failure to consider this may result in injury 
to the plant or continual expense to the owner on 
account of leaking joints and strained valves which 
cannot be shut tight. State and mimicipal boards 
and fire underwriters have numerous rules regard­
ing oil, air and gas piping, and these should be con­
sulted before installations are made, as they may 
even require some special construction in the build­
ing itself. 

Valves and Valve Control 
The demand for more elaborate systems of piping, 

largely for economic reasons, leads up to the ques­
tion of valves and valve control. The number of 
valves required for a given system will vary with 
different designers. I n general, valves are installed 
so as to shut off one piece of apparatus or section 
of piping so that all other parts of the plant can 
continue in operation. A l l branch lines on water, 
gas and air systems should have valves for the same 
reason. The desire to eliminate waste and prevent 
accidents has resulted in the design of many auto­
matic valves, and the tendency to eliminate unneces­
sary manual labor has resulted in the extensive use 
of remote controlled motor-operated valves. 

Piping System Codes 

Marking of piping and valves has been the sub­
ject of considerable thought of late years, especially 
in industrial plants where a variety of lines are in­
stalled. Pipe lines are usually identified by giving 
easily distinguished colors to the difi'erent lines and 
by painting all of each line its given color, or else 
by painting piping a standard color with a narrow 
band of the distinctive color at say 5-foot inter­
vals. Another scheme adopted is to have the piping, 
whether it is covered or not, a standard color, and 
the fittings and valves painted the key color. Most 
large industrial plants and power plants have 
worked out color schemes for their own use. The 
number of schemes is varied, and for new work 
can be rearranged to suit the wishes of architects, 
engineers or owners. This identification scheme 
has not been used to any great extent in office and 
public building work, because the number of lines 
is comparatively small, and they can usually be 
identified by connections to apparatus or by valve 

markings, a system which is comparatively simple. 
Tlie marking of valves is also an important fac­

tor in the completion of a plant. I f complete and 
accurate, markings are a great help to employes; 
i f inadequate, they are apt to cause trouble. The 
old scheme for marking valves was to attach to the 
wheel a brass or paper tag .stating what piece of 
e([uipmenl: or portion of building was controlled. 
Due to the more complex design of buildings and 
piping, the scheme of numbering all valves with 
brass tags and posting a valve diagram in a prom­
inent place is more .satisfactory. The diagram 
shows the location of each numbered valve, and a 
table with the diagram describes as accurately as 
possible the function of each valve. 

Conduits and Tunnels 
Where the power plant is installed as part of the 

main building, the question of piping connections is 
a comparatively sirnple matter. Where the power 
plant is a separate building, piping connections to 
the main buildings require careful study. Steam 
lines in ])articular cannot be buried in the ground 
without some sort of protection. This protection 
may take the form of wood stave covering, terra 
cotta tile, or concrete walking tunnels. When the 
la.st scheme is used, it is customary to install other 
equipment piping in the same tunnel. The wood 
conduit has been used extensively in certain local­
ities, but should be considered very carefully where 
there is a possibility that ground water may be 
encountered. Terra cotta conduit is proving satis­
factory in a great many installations. Care must 
be taken to provide proper under-drainage. other­
wise ground water may work into the conduit and 
in lime ruin the insulation and pipe. Neither con­
duit will give the protection and chance for inspec­
tion and changes that a concrete tunnel provides. 
To be of use timnels should be at least 7 feet high 
inside ; for lines on one side only not less than 4 
feet wide, and for lines on both .sides a tunnel 8 
feet wide is none too large. Supports for tunnel 
and conduit piping, care fo r expansion and weights 
of materials are important, especially in long, 
straight runs. 

Covering 

I t is common practice in most plants to cover all 
steam and water piping. This covering is primarily 
to eliminate heat loss (on cold water to prevent 
sweating) through radiation, although it is now 
quite common to cover exposed piping in office and 
public buildings so as to give a more complete con­
trol over room temperatures. Carbonate of mag­
nesia and asbestos air cell coverings are most com­
monly used for steam piping and wool felt for hot 
and cold water lines. For general use, standard 
thick covering inch thick for small sized pipes 
to 1 ^ inches thick for large lines) is satisfactory. 
On boiler and engine room piping and tunnel piping 
double covering can be used to advantage in order 
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to keep down the temperature of the .surrounding 
air. A t pre-war prices there was considerable 
saving i f air cell covering was used instead of 
magnesia. A t present prices, however, the costs of 
the two coverings applied are very nearly the same. 
Large cylindrical or large flat surfaces are usually 
covered, first with air cell or magnesia blocks wired 
on, and then with magnesia or asbestos plaster with 
smooth finish. 

Fuels and Fuel Handling 
The coal saving made by the use of pipe cover­

ing is an important factor in these days of high 
fuel costs. Take as an example a steam pipe sur­
rounded by 70° air and carrying steam at 5 pounds 
pressure. I f this pipe is not covered there wi l l 
be radiation loss of about 480 heat units per square 
foot per hour. I f the same pipe is covered with 
standard thickness magnesia covering, 85 per cent 
of the heat wi l l be retained in the pipe. By the use 
of special covering, it is possible to arrange for 
90 to 95 per cent of this heat to be retained. 

i 

B o i l e r - R o o m , C e n t r a l P o w e r P l a n t , Y a l e U n i v e r s i t y , N e w H a v e n 
N o t e m e c h a n i c a l s t o k e r s fed f r o m c o a l b u n k e r s a b o v e 

M o l l i s F r e n c h fie A l l e n H u b b a r d , E n g i n e e r s 

The great majority of steam power plants use 
either soft coal or oil for fuel. Most of the coal-
burning plants receive their coal either directly from 
cars run to the plant siding or f rom coal trucks, 
while the comparatively few plants located on tide­
water receive their coal f rom barges towed along­
side. 

The coal used is generally that obtained f rom the 
nearest reasonably good coal field, and the fuel 
handling and steam generating apparatus is that 
arranged to handle and consume most economically 
that particular grade of fuel. Adequate storage 
space, either in coal bunkers or in storage yards for 
the large plants, should be provided, unless a more 
or less continuous small lot delivery by truck can 
be depended upon at all times. The method of 
handling coal in hand-fired plants is so well known 
that only plants where economic operation demands 
automatic machinery will be considered here. 

Soft coal as received f rom the mine contains 
lumps of varying sizes, some of which are too large 
to be readily handled or economically burned. To 

obtain the proper sizing of 
the fuel, all coal, before being 
placed in the overhead 
bunkers, is passed from the 
storage bunker or directly 
from the car or truck, through 
a ''crusher," a machine con­
sisting of revolving drums 
with teeth, between which 
the coal is automatically fed, 
thus reducing the large 
lumps to the proper .sizes. 

The elevating, or elevating 
and distributing conveyer, 
consists of an endless chain 
on which are mounted buckets 
which are filled as they pass 
under the chute f rom the 
crusher and arranged to ele­
vate and dump automatically 
the coal on the distributing 
conveyer or in the overhead 
bunkers, as the case may be. 
The distributing conveyer is 
a similar device of bucket or 
belt type, except that it is ar­
ranged to receive the coal 
from the elevating conveyer 
and lo carry it to and auto­
matically dump it in the 
several overhead bunkers. 
The general arrangement of 
the plant determines whether 
or not it is necessary to use 
a distributing conveyer, and 
it is usually better to arrange 
the apparatus so that this de­
vice is not required. The 
overhead bunkers should be 
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placed high enough so that coal can be fed by 
gravity through a chute, either directly to the stoker 
hoppers or through an automatic coal weighing 
machine and thence to the stoker hoppers. To ob­
tain the highest efficiency, the coal being fed to 
each boiler should be weighed, and the best of the 
larger plants are therefore equipped with auto­
matic coal weighers installed for this purpose. 

Steam plants located at tidewater or where coal 
deliveries are irregular should have large storage 
bunkers or storage yards. Where such storage is 
required, a traveling crane is often used so that the 
coal may be piled over a consideral)le area and still 
be readily conditioned, weighed and fed to the 
>i(ikcrs. When required in the plant, the coal f rom 
the storage bunkers or yard is carried by the crane, 
or trucked, to a hopper which empties into the 
crusher, and the fuel then passes to the boilers as 
already outlined. 

In order to reduce the fuel cost, many plants are 
designed to burn a mixture of high grade soft coal 
and coal of a lower quality, or screenings. Where 
storage must be provided for plants using mixtures, 
provision should be made fo r storing the different 
quality coals separately. The mixing is then done 
as the coal is used, and the proportions can be 
changed to meet variations in the calorific value or 
burning qualities of the coals. 

Pulverized coal is one of the later developments 
for coal-burning plants, and with this system the 
coal is ground to a powder, then thoroughly mixed 
with the proper amount of air furnished by blast 
fans, and the mixture fed to the boilers in the form 
of a coal and air blast. The apparatus is designed 
to obtain as nearly perfect combustion as possilile. 
and produces a ver>' hot fire. 

Mechanical stokers automatically dimip the ashes 
either continuously or periodically into the ash pits. 
The ashes are removed from the ash pit mechan­
ically or by hand. In either case the a.sh pits are 
in the form of hoppers with chutes f rom the bot­
tom. These chutes discharge the ashes to either a 
car or a conveyer, either of which is arranged to 
carry the ashes to an elevating conveyer of the 
bucket type, arranged to automatically dump into 
an ash storage space. This ash storage is arranged 
at the proper elevation and position so that the ashes 
can be drawn therefrom through a chute and 
dumped into railway cars or trucks. 

A properly designed coal-burning plant is very 
efficient. The coal consumed is controlled auto­
matically to meet the varying load conditions, and 
fuel is handled with a minimum of labor. 

Oil-Burning Plants 

Oil-burning plants are of two general types.— 
steam atomizing and meclumical atomizing.—the 
difference being in the method of atomizing the oil 
and the introduction of air for its combustion. 
The selection of the type depends upon the design 
of the plant and the character of the load. Both 

types require oil storage tanks, pumping equipment, 
oil heaters, oil burners, and regulating devices for 
controlling the flow of oil and the air admitted for 
combustion and draft. Both can be used on natural, 
or induced draft, and the mechanical type can also 
be equipped with forced drafts. 

Oil storage tanks should be of sufficient sizes to 
insure an adequate supply of oil at the plant, and 
are preferably located outside the plant and below 
the groimd. I n commercial buildings this is often 
impossible, and in this case the storage tank may 
be within the building, cither below or above the 
boiler room floor, the former being far preferable. 

Fuel oil when cool will not flow readily, and it 
is therefore necessary to provide steam heaters at 
the suction to heat the oil to al)out 90°. The 
warmed oil is then drawn by ]nim])s from the stor­
age tank and forced through a .second heater, which 
is controlled by a thermostat, and delivered to the 
burners under comparatively low pressure for the 
steam atomizing, and under high pressure for the 
mechanical atomizing type. The atomized oil is 
forced into the combustion chamber where it mixes 
with the air, vaporizes, and is consumed. The 
various devices for burning fuel oil are very com­
plete, can be controlled to maintain a uniform steam 
pressure imder varying loads, and can be made 
entirely automatic. Oil-burning plants are clean, 
can be operated with a minimum of labor, and on 
account of the uniform flow of oil to the burners 
the air admitted can be regulated very closely, re­
sulting in a high boiler efficiency. 

Coal vs. Oil 
Coal and oil are now competing fuels, and the 

question of fuel selection arises for each plant. 
This question involves two considerations,—first, 
the economic aspect over a period of years f rom 
the point of view of the country at large, and, sec­
ond, the mechanical efficiency and money saving to 
the owner in operating costs. Our reliable informa­
tion indicates that the natural coal resources of this 
country are, for all practical purposes, unlimited, 
but that the natural oil resources are very much 
smaller and that they may be exhausted in a com­
paratively few years under our present rate of 
consumption. I f this be true, we would then be 
dependent upon oil shale and upon foreign fields 
for our oil supply. This situation would be serious 
and might prove disastrous in the event of this 
country's being at war. An adequate oil sup­
ply is now absolutely necessary to carry any 
such operation to a successful conclusion, and the 
amount of oil needed would be enormous. Govern­
ment regulation of the use of crude oil for fuel in 
stationary steam plants is the most reasonable way 
of fairly conserving our natural oil supply, and this 
possibility is a factor to be considered in the selec­
tion of the fuel. The considerations determining 
fuel selection are cost, including maintenance, con­
tinuity of supply, labor and fixed charges. 



Artificial Illumination of Industrial Plants 
By A . L . P O W E L L . Illuminating Engineer 

AC O M P R E H E N S I V E di.scussion of this sub­
ject would require volumes rather than the 

^ few pages at our disposal. Years of study 
have been sjoent on this question, and much valu­
able data have appeared in the technical press. In 
spite of this handicap, it is our aim to outline a few 
of the fundamental principles which must be f o l ­
lowed, and the relation of artificial lighting to 
overall efficiency. 

Since all our industrial activity cannot be con­
fined to daylight hours, it is obvious that some 
means of providing a substitute for natural light 
must be considered. A l l ton frequently does a 
manufacturer provide the mininunn .'imount. think­
ing of artificial lighting as an unavoidable expense 
when, as a matter of fact, proper lighting is one of 
his lii"^r aids in cBicifnt plant oj^eration. 

A few years ago the practice in lighting a factory 
was to hang a lamp over each workplace, with pos­
sibly a few additional units in clusters for general 
illumination. This condition was necessary, due to 
the low efficiency and small sizes of the available 
light sources. Such a system has many disadvan­
tages. Now, with efficient lamps, available in a 
wide range of sizes, the practice is to hang lamps 
well above the work, out of reach and above the 
ordinary angle of view. I n this manner approxi­
mately uniform illumination is .secured, often much 
better than the distribution of daylight. 

Everyone realizes that a lamp in itself is not a 
complete or satisfactory lighting unit. I t requires 
something, first, to shield the eye from the bright 
light source, and second, to direct the light where 
most needed. To accomplish these results we use 
suitable reflectors or diffusing devices. There are 
many excellent types of indusirial reflectors on the 

market, some best suited for one set of conditions, 
and some for another. Industrial lighting involves 
the selection of the right kind of reflector and the 
use of the proper size and type of lamp correctly 
spaced and hung at such a height as to give the 
desired distribution of illumination. Obviously, 
different proces.ses require varied amounts of light, 
depending on the character of work, finish, color, 
degree of accuracy necessary, etc. This is specified 
in fool candles, the unit of intensity. 

We may well consider three main sections of the 
plant, (1) shipping platforms and courts, (2) 
manufacturing area, and (3) storage spaces, and 
on this ba.sis analyze the treatment desirable. 

On the shipping platform, suitable light will in­
sure greater actual speed of trucking, make mark­
ings more easy to read, result in fewer mis-sent 
shipments, reduce spoilage and theft, and in the 
case of common carriers, will improve relations with 
the public. The demands for vision are not exact­
ing, although tags, waybills, markings, etc., must be 
easily read. The quality of light, as regards dif ­
fusion in this part of the plant, is not as important 
a> in the manufacturing areas. A unit giving rea­
sonably good diffusion, emitting its light in an effi­
cient manner, and distributing it over a wide angle, 
is desirable here. The standard dome reflector 
(Fig. 1), equipped with a bowl enameled lamp, 
meets the requirements to a remarkable degree. For 
a narrow platform, a single row of such units, 
spaced .symmetrically, hung well above the center 
line of the platform, i f not too wide, generally 
solves the problem. From 3- to 6-foot candles 
should be effective on the floor. This intensity will 
result with the type of unit recommended, i f ap­
proximately Yz-wdXt per square foot of area is 

F i g . 2 

F i g . I 

F i g . \ . R L M s t a n d a r d d o m e r e f l e c t o r a n d 
b o w l e n a m e l e d l a m p 

F i g . 2 . T y p i c a l p r i s m a t i c g la s s d i r e c t l i ght ­
i n g r e f l e c t o r of h i g h e f f i c i e n c y 

F i g . 3 . L a r g e w h i t e e n a m e l e d s tee l r e f l e c t o r 
a n d a n a u x i l i a r y of o p a l e s c e n t g lass to dif ­
fuse the l ight 

144 
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provided. Knowing the spacing and width of the 
platform, it is a simple matter to calculate the size 
of lamp which should be installed. I f the platform 
is unusually wide, two or more rows of units, sym­
metrically placed, may be necessary in order to 
.secure a uniform distribiuion of light. I f the ship­
ping platform is directly visible f rom the street and 
it is desirable lo introduce a certain amount of 
decoration for its advertising value, then diffusing, 
enclosing units of an ornamental type might well 
be used. As this equipment is less efficient than the 
type previously recommended, slightly higher watt­
age should be installed. 

I n manufacturing areas, the system known as 
general lighting is now almost universally employed 
in the modern plant. A n approximately uniform 
distribution throughout the area is secured, over­
coming many of the difficulties encountered with 
the old-fashioned local lighting, where small lamps 
are placed close to the working point. This uniform 

F i g . 4. N i g h t v i e w of g e n e r a l m a n u f a c t u r i n g a r e a , 2 0 0 -
w a t t b o w l e n a m e l e d l a m p s in s t a n d a r d r e f l e c t o r s . F o u r 
out l e t s i n 2 0 - f o o t b a y . I n t e n s i t y of i l l u m i n a t i o n o v e r 

12- foot c a n d l e s 

F i g . 5. N i g h t v i e w of a f o u n d r y l i g h t e d b y 3 0 0 - w a t t c l e a r 
l a m p s in s t a n d a r d d o m e r e f l e c t o r s . 35 feet a b o v e floor; 
10-foot c e n t e r s in 40 - foo t b a y s . R e s u l t a n t i n t e n s i t y is 

5-foot c a n d l e s 

distribution is secured through the choice of the 
proper reflectors or globes, spacing these according 
to predetermined values, and hanging them at the 
correct heights. The size of wattage of lamp used 
governs the resultant foot candles or intensity of 
illumination. On a given spacing, larger lamps will 
produce more foot candles. Local or individual 
lamps have a certain field in industrial lighting, but 
this is not by any means as large as the uninformed 
imagine. There are some classes of work, such as 
the assembling of watch parts, which require such 
a high intensity, in order that the minute details be 
clearly visible, that it would be uneconomical to 
provide this with the overhead system. Such cases, 
however, are the exception rather than the rule. 
Again, where extremely large overhanging parts 
prevent the penetration of light, small auxiliary 
units are essential. Finally, certain classes of work 
in a vertical plane, such as horizontal boring and the 
moulding of deep forms, frequently require hand 
or drop lamps. The sum total of all of these in­
stances, however, is remarkably low when we con­
sider the plant as a whole. 

I t is usually desirable to space outlets for gen­
eral illumination symmetrically with regard to the 
bays or columns. As a general rule the maximum 
spacing should not exceed the ceiling height for 
work with exacting requirements. Thus, in a room 
with a 12-foot ceiling, we would have four outlets 
on 10-foot centers in each 20-foot bay. In a room 
with a 20-foot ceiling, outlets might be on 20-foot 
centers. The exact spacing of outlets will be a mat­
ter of plain common sense. I f i t is apparent that 
certain outlets wi l l be above a piece of equipment 
which would cast a shadow, then one's judgtnent 
indicates they would not be useful there. A .sym­
metrical arrangement may still be followed, for it 
does not require much ingenuity to shift rows of 
units a few feet to avoid ob.stacles and to insure 
correct direction of light on the work. 

Various industries have lighting requirements 
peculiar to themselves in the manufacturing areas. 
There are, however, four general grades of work 
requiring intensities of these orders: 

Processes where slight discrimination of detail is 
essential, such as rough machining, rough as­
sembling, rough bench work, rough forging, 
grain milling, etc., 2- to 5-foot candles. 

Work where discrimination of detail is essential, 
such as machining, assembly work, fine core 
making in foundries, cigarette rolling, etc., 4-
to 7-foot candles. 

Work where close discrimination of detail is es­
sential, such as fine lathe work, pattern and tool 
making, weaving light colored textiles, etc., 6-
to 10-foot candles. 

Work where discrimination of minute detail is 
essential, such as watchmaking, engraving, 
sewing on dark goods, inspection, etc., 10- to 
20-foot candles, and even more. 

As already said, many types of equipment are 
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F i g . 6. N i g h t v i e w of w i n d e r s in a s i lk n u l l l i ghted b y 
2 0 0 - w a t t l a m p s i n m i r r o r e d g la s s i n d i r e c t fixtures, t w o 

i n e a c h b a y 

available for industrial lighting. The standard 
dome reflector and bowl enameled lamp, shown in 
Fig. 1, satisfactorily meet the requirements of 
nearly 80 per cent of the industrial processes. 
Another very efficient unit is the prismatic glass, 
deep bowl reflector, shown in Fig. 2. This is usually 
equipped with a clear lamp, and hence leaves some­
thing to be desired regarding diffusion. Where 
light must be produced f rom the sides of an area, 
or where maximum illumination of vertical surfaces 
is essential, the angle type, porcelain enamel steel 
reflectors are used. 

For high-grade industrial lighting, a new unit, 
shown in Fig. 3, is appropriate. This consists of a 
large dome steel reflector and an auxiliary diffusing 
globe, fitted around the lamp. Small openings in the 
top of the reflector permit some of the light to go 
upward, rendering the ceiling luminous, making the 
room more cheerful and promoting safety while 
working around shafting and belting. A t first 
thought it might seem that such a unit was not effi­
cient, but tests indicate a high output, accompanied 
by excellent diffusion, which always results in soft 
illumination. 

Whatever type of lighting unit is installed, the 
side walls and ceilings in the plant should be painted 
a light color, preferably white. A darker dado, ap­
proximately feet high, is desirable for a neat 
appearance. The ceiling and side walls are of con­
siderable importance in reflecting and diffusing the 
light. The reflected light penetrates beneath over­
hanging parts, and inaterially softens or avoids 
shadows at operating points. 

I n storage areas, the light should be quite evenly 
distributed, since labels and markings must often be 
read, yet the demands in this respect are by no 
means as exacting as where close visual work must 
be carried on. The intensity should be highest 
nearest the doorways and down the main aisles, for 
here is found the densest traffic. A n average in­
tensity of at least 1-foot candle is desirable, this 
being obtained by using approximately per 

s({uare foot of floor area where modern efficient 
lamps and standard dome reflectors are in service. 
These rules on maximum desirable spacing apply: 

Ceiling 10 feet or less 16 feet 
Ceiling 10 to 15 feet 20 feet 
Ceiling above 15 feet 30 feet 
W i t h ceilings averaging 15 feet, one outlet in the 

center of each 20-foot standard bay is good practice. 
Regardless of the type of lighting installed, i f it 

is to remain satisfactory and adequate, a regular 
system of maintenance must be in force. A slight 
layer of dust on lamps and reflecting surfaces ma­
terially reduces the light output. Lamps which 
have become blackened in service should be re­
placed. The voltage of the lamps should correspond 
with that in the socket i f satisfactory output and 
performance are desired. Too much stress cannot 
be laid on these factors. 

Numerous tests have shown that a high propor­
tion of the total light generated throughout the 
country is being wasted through lack of systematic 
maintenance. A typical case on record might be of 
interest. In this particular installation, the intensity 
as found was slightly over 23^-foot candles. Lamps 
and reflectors were washed, new lamps of the 
proper voltage were installed, and finally the walls 
and ceilings were refini.shed with paint of reflecting 
power. Wi th no increase in wattage or power con­
sumed, the resultant illumination was over 7-foot 
candles. I t is apparent that this is a matter deserv­
ing serious consideration in caring for equipment. 

F i g . 7. N i g h t v i e w of a l o a d i n g p l a t f o r m l i g h t e d b y 
l O O - w a t t e n a m e l e d l a m p s in s t a n d a r d d o m e r e f l e c t o r s , 

2 0 feet a b o v e floor 
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P R I N C I P A L S T R E E T F R O N T A G E 
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F I R S T F L O O R P L A N 

T y p e of c o n s t r u c t i o n : R e i n f o r c e d c o n c r e t e , flat-slab. B u i l d ­
i n g i s p l a n n e d for l ive l o a d s of 120 p o u n d s p e r s q u a r e foot . 
A l l the s e r v i c e r e q u i r e m e n t s , s u c h as e l e v a t o r s , s t a i r s a n d 
toi lets , a r e bu i l t a s t o w e r s out s ide the m a i n s t r u c t u r e to r e ­

d u c e c o r r i d o r s p a c e to a m i n i m u m . 

E x t e r i o r m a t e r i a l s : C o n c r e t e , w a s h e d w i t h " M i l l W h i t e . " 

I n t e r i o r m a t e r i a l s : W a l l s p l a s t e r e d ; c e m e n t floors. 

H e a t i n g a n d v e n t i l a t i n g : T w o - p i p e d i r e c t g r a v i t y s t e a m w i t h 
p u m p a n d r e c e i v e r . C a r r i e r a i r c o n d i t i o n i n g s y s t e m to p r o ­
v ide c o n s t a n t t e m p e r a t u r e a n d n e c e s s a r y h u m i d i t y f o r a 

s i l k - t h r o w i n g m i l l . 

W i n d o w s : S t e e l s a s h , p ivo ted . 

C R O S S S E C T I O N 

M I L L B U I L D I N G O F K A H N & F E L D M A N , B R O O K L Y N 

B U C H M A N & K A H N . A R C H I T E C T S 
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G I L B E R T B U I L D I N G . 2 0 5 W E S T 3 9 T H 

S T R E E T . N E W Y O R K 

I l l u s t r a t i o n s on P l a t e 53 

Type of construction: Skeleton steel 
frame; curtain walls of brick lined 
with terra cotta blocks; reinforced 
concrete floor arches. Floor loads 
designed for 120 pounds per square 
foot. 

Exterior materials: Lower stories of 
artificial stone; upper stories of face 
brick and terra cotta; side walls 
paneled with face brick in colors. 

Interior materials: Cement floors; 
metal partitions in toilets; metal 
covered doors in steel frames. 

Windows: Solid metal sash with wire 
glass. 

Heating: Steam vacuum sj'stem. 
Cubic foot cost: 42 cents. Building 

completed. 1923. 
Use of building: Light manufacturing 

and loft purposes. 

USE 

• • 

J L. 

T E N T H F L O O R P L A N F O U R T E E N T H F L O O R P L A N 

0 

B A S E M E N T F L O O R P L A N 

•O 6 » SO SO *0 

F I R S T F L O O R P L A N 
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F L E T C H E R B U I L D I N G . V A R I C K S T R E E T . 

N E W Y O R K 

I l l u s t r a t i o n s on P l a t e 54 

Type of construction: Reinforced 
concrete; floor loads of 300 pounds 
per square foot. 

Exterior materials: Concrete, with 
trimmings also of concrete, cast in 
place. 

Floors: Concrete. 
Windows: Hollow metal frames and 

sash. 
Lighting: Semi-indirect. 
Use of building: Warehouse and man­

ufacturing. 

T Y P I C A L F L O O R P L A N 

S C A U t or T E C T 

F I R S T F L O O R P L A N 
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T y p e of C o n s t r u c t i o n : R e i n f o r c e d c o n c r e t e , flat-slab. 
F l o o r l o a d s f r o m 125 to 1 ,000 p o u n d s p e r s q u a r e foot. 
B u i l d i n g i n c l u d e s w a r e h o u s e , f a c t o r y , g a r a g e a n d off ices . 

E x t e r i o r m a t e r i a l s : V e n e e r of b r i c k a n d s tone . 

I n t e r i o r m a t e r i a l s : U n f i n i s h e d e x c e p t of f ice p o r t i o n . 
C e m e n t floors, w i t h m a r b l e o r tile in c o r r i d o r s a n d toi lets . 

W i n d o w s : S t e e l , f a c t o r y t y p e s a s h ; d o u b l e h u n g s a s h f o r 
of f ice p o r t i o n . 

H e a t i n g : V a c u u m s y s t e m . 

D a t e of g e n e r a l c o n t r a c t : M a y , 1 9 2 0 . 

C u b i c foot cos t : 4 4 cent s . 

U s e of B u i l d i n g : W a r e h o u s e a n d a s s e m b l i n g p u r p o s e s . 

SHIPPlnC Pl.MfOKX 
m , m • • • • 

. t i . 
j.Mip.-H t anirniiQ 
sMct • • • • sr.'.ci 

• g ' • * 

• • • 

1-
• I I I • • • • i t 
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F I R S T F L O O R P L A N S E C O N D F L O O R P L A N 

W A R E H O U S E . W E S T E R N E L E C T R I C C O . . 3 9 5 H U D S O N S T R E E T . N E W Y O R K 

M c K E N Z l E . V O O R H E E S & C M E L I N , A R C H I T E C T S 



W A R E H O U S E . W E S T E R N E L E C T R I C C O . . 

3 9 5 H U D S O N S T R E E T . N E W Y O R K 

I l l u s t r a t i o n s o n P l a t e 5 5 

- O f f l C t S -in 
'•' • 
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1 •" H. 
> 
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COUS.T 

N I N T H F L O O R P L A N T E N T H F L O O R A N D R O O F P L A N S 
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i 

G E N E R A L E X T E R I O R V I E W 

II 

I! 

D E T A I L O F E N D S A T R A I L R O A D S I D I N G 

Type of construction: Structural steel and concrete; 
metal sash; I -inch laminated maple floors; partitions: 
brick or plaster and metal lath; roof: 3-inch plank cov­

ered with tar and gravel. Floor loads 125 pounds 

SPINNING MILL. G O O D A L L WORSTED COMPANY. SANFORD. MAINE 
L O C K W O O D . G R E E N E & C O . . E N G I N E E R S 

Heating: Low pressure steam, with coils and radiators. 
Ventilating equipment used only over sorting benches. 
Use: Combined sorting, storage, combing and spinning 

mill for wool 





Electrical Power in Industrial Buildings 
By J A M E S A . M c H O L L A N 

Vice-president, The R. P. Bolton Company, Engineers 

f I SHE use of electricity for industrial power 
purposes is now so general that it is difficult 

JL to list the numerous services in which it is 
successfully used. Practically the only services in 
the modem building or factory for which electricity 
is not found to be economical are the heating of 
buildings, drying of materials and warming of water 
in large quantities. For all other services, such as 
the operation of elevators, pumps, compressors, 
shafting and factory machines of all kinds, elec­
tricity is the most economical power to use. I t is a 
serious mistake to use steam engines to operate such 
machinery, and the use of steam power for such 
pur])Oses always results in waste of fuel, requires 
more labor in maintenance, and is less cleanly, con­
venient and dependable in operation. 

In selecting electric machinery it is customary to 
decide on a voltage and current suitable for opera­
tion on the system of the local electric company. 
This is advisable even i f a private plant be installed, 
as the growth of electrical distribution f rom central 
stations is extending so rapidly that i t is only a mat­
ter of a few years before not only wi l l the private 
plants in this country be abandoned, but also many 
of our central stations, except those of the largest 
size and those in the most suitable locations, will be 
shut down and their function of power production 
concentrated in a lesser number of still larger sta­
tions, and finally these in turn wi l l become the huge 
superpower stations which wil l , in the not distant 
future, serve the entire country with cheap electric 
power. 

I n view of such developments, the engineer who 
advises his client to engage in the production of 
electric power should be certain that when a private 
plant is installed the savings over the cost of pur­
chased power should pay for the cost of the plant 
in a very few years, and before such a decision is 
finally reached the whole question should be 
threshed out between the property owner, his engi­
neer and the local public utility's representative. I n 
former years it was a waste of time to discuss such 
questions with representa­
tives from the utilities, as it 
was a common practice fo r 
them to submit unreliable 
statements and estimates of 
costs which were prepared 
with the sole purpose of se­
curing contracts for the sale 
of electricity. I t is a pleas­
ure, however, to record the 
fact that a much broader type 
of public utility executive is 
now to be dealt with. The 

aim is now to present facts and figures in an honest, 
impartial way, to foster good will and gain the 
confidence of the public rather than to mislead 
prospective customers with low estimates of power 
usage. In past years, the small private plant has 
served a useful purpose by forcing down the selling 
price charged by central stations for electric power, 
and this fact, plus an awakened conscience on the 
part of the electric companies in dealings with fac­
tory owners, makes it generally desirable to con­
sider central station service in preference to a p r i ­
vate plant. 

These summarized notes of a general nature may 
be of aid to architects or engineers in selecting 
electric-driven machinery. 

For all electric elevators of up to 400 feet per 
minute the single-wrap or V-groove drive is the 
most efficient. Such machines are now manufac­
tured by leading elevator companies. This form of 
drive requires only one turn of the cables in grooves 
over the top of the hoisting sheaves. Wear and 
tear on the cables are reduced, less power is used, and 
more positive operation and control are secured. 

Higher speeds of travel than necessary are often 
specified for elevator equipment. Where cars stop 
at every floor or at alternate floors, a speed of more 
than 250 feet per minute is of doubtful value, as 
the benefits of f u l l .speed of the elevator cannot be 
obtained in the short distance between stopping and 
starting points. Higher speeds require larger 
motors. To keep the speed of the elevator within 
reasonable limits means lower first cost and greater 
operating efficiency. Even for pas.senger elevators, 
it is a mistake to select cars of over 350 feet per 
minute unless express service is desired over at least 
half the traveling distance. 

Electric power used by modern electric elevators 
is not large in terms of kilowatt hours per car mile, 
as may be seen f rom the test figures of elevators in 
a large New York building which are given below. 

Where alternating current is used to operate 
motors of elevators traveling at high speed, that is. 

K i l o w a t t Hour s per Car M i l e as Determined by Tests o f Four Gearless Trac t ion 
Elevators 

Elevator No. 1 Elev.itor No. 2 
Car Kw. K w . Car K w . K w . 

miles hrs. hrs. miles hrs. hrs. 
per per 

Week mile mile 

Elevator No. 3 
Car Kw. K w . 
miles hrs. hrs. 

per 
car 

mile 
Firs t . 
Second 
T h i r d , 
Four th 
F i f t h . 
S ix th , 

Tota l . 

Ele\'ator No. 4 
Car K w . K w . 

miles hrs. hrs. 
I)er 
car 

mile 
101.0 
85.4 
82.7 
93.5 
95.3 
90.0 

450 
370 
360 
410 
420 
410 

4.46 
4.33 
4.35 
4.39 
4.39 
4.55 

117.9 
86.7 

114.0 
97.0 
67.9 
81.2 

390 
300 
370 
400 
400 
390 

3.31 
3.46 
224 
4.12 
5.89 
4.80 

132.8 
110.5 
128.0 
128.1 
127.5 
131.7 

530 
448 
542 
519 
539 
522 

3.99 
4.06 
4.24 
4.05 
4.23 
3.96 

153.8 
135.0 
153.0 
158.4 
161.6 
158.7 

488 
445 
484 
502 
507 
494 

3.17 
3.29 
3.17 
3.17 
3.14 
3.11 

547.9 2420 564.7 2250 758.6 3100 920.5 2920 

.A.vcrage 4.42 
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3.98 4.09 3.17 
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400 feet per minute and upwards, objection has fre­
quently been raised to noises from vibration, hum 
and operation of magnets. This has retarded the 
use of a.c. motors for high-s])eed elevators, but re­
cently several elevator com])anies have made im­
provements in this direction which permit the use 
of high-speed cars on a.c. systems without undue 
noise or other objectionable features. 

The trend today in electrical systems is definitely 
toward alternating current. Thtrcfore, select alter­
nating current machinery fo r all new properties, 
unless these are to be located in large cities where 
direct current is in general use. The general advan­
tages of alternating current .systems are: 

A.c. motors are cheaper than direct-current 
motors per horsepower. 

Comnuitator troubles, which exist with direct-
current motors, are eliminated with a.c. units. 

Higher voltages may be used with a.c. system. 
440 volts .is becoming standard in the larger 
industrial plants, whereas with direct current 220 
volts is the usual limit. 

Less copper is used in a.c. feeders with the 
higher voltage. The cost of copper is therefore 
less; it also requires less labor for installation. 

The chief disadvantage of a.c. systems is loss 
of power, due to low power factor. There is, 
however, equijiment in the market which can be 
used to correct this condition. 

With a.c. motors the flexibility of speed control 
is not so great as with direct-current motors. 
This need only be considered in a few special 

industrial processes, such as color printing, etc.. 
where the speed control is required to be very 
delicate. 
Centrifugal pumps are to be preferred to plunger 

pumps. Specify casings of centrifugal pimips to 
be horizontally split, as this type of casing enables 
the opening up for inspection and repair of the 
j)ump without disturbing the piping connections. 
Except for pumps which are in continuous service, 
the use of automatic controls for stopping and start­
ing motors is always advisable. Where two or more 
pumps operate at one time, the automatic control 
board should be equipped with a transfer switch so 
that any one of the pumps can become the leading 
unit, and thus evenly distribute the wear and tear 
over all the units in service. Use noiseless check 
valves on all centrifugal pumps. Several satisfac­
tory tv-pcs are now on the market. 

In operating factory machinerv'. the individual 
motor at each machine is to be preferred, although 
the cost to install is higher than with the group-
drive .system, which involves fewer motors of a 
larger size, less wir ing and fewer switches. Wi th 
the individual drive, however, the shut down of one 
motor means the shut down only of the machine it 
drives. A failure of a motor on group drive may 
shut down a number of machines or even an entire 
department. In overtime work, in many instances, 
the individual motor is the more effident. 

One disadvantage of the individual motor drive 
in a.c. systems is a low power factor, but this can 
be corrected by care in selecting the motors so that 
they operate at rated load or as near that point as 
practical. The elimination of overhead shafting, 
pulleys, belts, bearings, etc., which is effected w ith 
the individual drive system, greatly improves the 
working conditions in factories. 

The enclosed type electric-driven compression 
machine is preferable to the absorption type of ice 
machine which is often used where a cheap and 
abundant supply of water is available. The com­
pression plants, however, are more sim])le in opera 
tion. have fewer parts, take up less space, and are 
more generally used. The use of cooling towers, 
by means of which the condenser water can be 
cooled by contact with the air and re-used, reduces 
the cost of water, and wherever water has to be 
purchased the investment is always justifiable. 

Compressors driven by electric motors by means 
of belt or chain drive are in general use. With 
small compressor units a gear drive is satisfactory. 
Automatic controls to stop and start the motors to 
maintain the desired air pressure should always be 
u-c'l. Where several units operate together to sup­
ply one service, a transfer switch on the controls 
should be provided. 

Whether electricity is purchased or produced, the 
importance of measuring the electricity used by de­
partments, groups of machines, or individual ma­
chines cannot be overestimated. Electric meters 
check accurately the amount of electric power used 
and its distribution throughout a plant. I t is an aid 
to intelligent costkeeping and important, therefore, 
in every installation. The upkeep and maintenance 
of the meters are low; testing and calibrating are 
required about once per year. 

When i)rivate ])ower plants are installed to pro­
duce electric power, condensing turbines are the 
most efficient units to use. I f any of the exhaust 
sti'.'nn is to be used, the conditions as to back pres­
sure, amount to be used, etc., should be carefully 
explained to the turbine manufacturers before 
machinery is selected and ordered. 

In reciprocating engines there are types now 
mainifactured which show a remarkably low steam 
consumption per horsepower. These engines also 
show a high efficiency under light or variable loads, 
a conilition quite common in power-plant operation. 

A l l auxiliary machinery in and around the engine 
room and boiler room of the power plant should be 
electrically operated. Reciprocating steam pumps 
or small steam turbine pumjjs. in the writer's opin­
ion, should not be considered in a modern installa­
tion. The only exception should be a power plant 
where operation is intennittent. 

The manufacture of electric machinery is becom­
ing highly specialized, and manufacturers are con­
centrating more and more on producing fewer lines 
nf e(|uipment. and in gathering and distributing the 
most detailed information regarding their products. 



Data on Fire and Accident Prevention Requirements 
By C. STANLEY TAYLOR 

r I ^ 1 IE purpose of this article is to provide com­
plete reference data covering all important 

1 sources of dependable information regarding; 
safeguarding against fire through the proper con­
struction and equipment of industrial buildings, .iml 
(hose phases of accident prevention which should be 
had in mind in preparing the i)lans for such build­
ings. There will be found here a brief description 
of each source of such information, together with a 
reference to publications and data available. There 
is also presented a list of reference books which 
completely cover this subject. 

When plans and specifications for an industrial 
building are being developed it is quite imjiortant 
that fu l l information be obtained as to standards 
and recjuirements of insurance companies. I f plans 
are developed in accordance with these requin-incnts 
the result will mean not only a low rating and its 
accompanying low insurance costs, but will also in­
troduce a high degree of safety, which protects the 
owner against the great indirect loss which he nuist 
sufl^er i f an industrial building is burned and pro­
duction cripjiled or stopj^ed entiix-ly. 

Through the efforts of the fire insurance fratern­
ity, a numl)er of advisory organizations have been 
developed, each of which is briefly described in these 
paragraphs. 

National Board of Fire Uiidcncritcrs. This is an 
organization maintained by about 140 of the leading 
fire insurance companies for the pur])ose of research 
as to the causes of fire and for i)rovision of stand­
ards and advisory service to aid in reducing fire 
losses by encouraging proj)er construction and 
e(|uii)ment of buildings of every type. The head-
(juarters of this association is 76 William street. 
New York, and architects may obtain any type of 
information on the subject of insurance engineering 
through this source. In co-operation with the Na­
tional Fire Protection Association, the National 
Board of Fire Underwriters has developed in 
printed f o m i a large number of standards and ref­
erence data co\ering practically all phases of fire 
prevention and |)rotection. A number of these wil l 
be found listed under ])ublications available through 
the National Fire IVotection Association. 

National. Fire Protection Association. An organ­
ization maintained by a large number of insurance 
companies, by national institutes, societies and asso­
ciations interested in the protection of l ife and 
property against loss by fire, and by individuals and 
corporations similarly interested. The purpose of 
the association is twofold : First, to formulate stand­
ards under which fire waste may be checked; the 
other, to educate the public in observing these stand­
ards and to point out the economic losses due to fire 
wa.ste. This is a valuable source of information for 

t he a r c h i t e c t , a n d he re w i l l be f o u n d a p a r t i a l l i s t o f 

r e f e r e n c e p u b l i c a t i o n s w h i c h a r e a v a i l a b l e t h r o u g h 

t h i s o r g a n i z a t i o n . 

•'Recommended B u i l d i n g Code" (Nati»)nal Board o f F i r e 
U n d e r w r i t e r s ) . 

Th i s extensive pnblication presents practical reqnire-
ments covering m i l l construction and other types of 
industr ial buildings. 

"Blower Systems." 
F o r heating and ventilating, stock and refuse conveying. 

" D i p Tanks." 
Hardening antl Ieni i)cr i i ig tanks, flow coat work , spray 
booths. japannitiK and enameling, i nc l i i d i j i g ovens, 
foam extinguisher systems. 

"Electr ic W i r i n g and .Apparatus" (Na t iona l Electr ical 
Code) . 

"Electr ical F i t t ings ." 
Lis t of approved. 

"F i re Pumps." 
Steam. 

"F i re Pumps." 
Rotary and cen t r i fuga l , and electrical and gasolene 
engine d r i v i n g of fire pumps. 

" O i l - B u r n i n g E(|uipment." 
"Ho.se Houses." 

For m i l l yards, construction and ecjuipment. 
" L i g h t n i n g . " 

Suggestions f o r protection against l ightning. 
" I ' ro t co l ion of Openings." 

I n walls and parti t ions. 
" R o o f Openings." 

Cornices and gutters. 
"Spr inkler Equipment ." 

Automat ic and open systems. 
"Steam Pump Governors and A u x i l i a r y Pumps." 
"Tanks." 

Gravi ty and pressure, concrete reservoirs and valve pits, 
"Vau l t s . " 
"Standpipe and Ho.se Systems." 
" M i l l . " 

S low-burning bui ld ing construciion, including scuppers. 
"Valves." 

Cont ro l l ing water supplies f o r fire protection. 
"Fi rs t .\\<\ F i re Ai)i»liances." 

Installation, maintenance and use of . 

O t h e r p u b l i c a t i o n s i s sued b y t h i s o r g a n i z a t i o n a n d 

o f i n t e r e s t i n c o n n e c t i o n w i t h the p l a n n i n g o f f a c ­

t o r y b u i l d i n g s i n c l u d e : 

"Field Pract ice—An In.spection Manual ." 

A practical handbook, representing the latest thought 
of the leading American fire prevention engineers. 

"Safeguarding Factory Worke r s f r o m Fire ." 
Rules f o r measuring exi t capacities and determining 
permissible numlx-rs o f occupants. 

"F i re Exi ts , Outside .'^tairs f o r . " 
Recommendations f o r their construction and ins i . i l -
lat ion. 

" E x i t D r i l l s f o r Factories, Schools, Department Stores 
and Theaters." 

Suggestions for their organization and execution. 
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"Roof Coverings and T h e i r Fire-Resist ing Properties." 
"Wate r Dis t r ibu t ion Systems and Protect ion." 

B y George W . Booth . 
" F l o w Capacity o f Wate r Pipes." 

By C. F. Wagner. 
"F i r e Pumps." 

Notes and suggestions. Associated Factory M u t u a l 
F i re Insurance Companies. Booklet. 53 pages. 

"Elevated Tanks." 
B y W . O. Teaguc. 23 pages. 
The i r improved design and construction. 

"Factories and Thei r F i re Protection." 
B y F r a n k l i n H . W e n t w o r t h . 

" M i l l Construction Bui ldings ." 
B y C. E . Paul 

"Color. Paint and Varn i sh Factories." 
By F. E. Roberts. 31 pages. 
Processes and hazards. 

"Shoe Factories." 
Suggestions f o r their improvement as fire risks. C o m ­
mittee report. 

"Cold Storage Warehouses." 
Suggestions f o r their improvement as fire risks. Com­
mittee report. 

"R-efrigerating Machinery Explosions and Fires." 

I n addition to the publications indicated, a large 
volume of information has been developed by the 
association and is recorded in its Proceedings. 
Architects interested in any phase of fire prevention 
or protection are advised to write the National Fire 
Protection Association to obtain all available in­
formation on the particular subjects of interest. 

Underwriters' Laboratories. An experimental 
station supported primarily by the National Board 
of Fire Underwriters for the purpose of reporting 
on the fire retardant and fire resistive qualities of all 
types of building materials, and the merits of ap­
pliances, devices and machines bearing on fire and 
accident dangers. A system of labeling has been 
developed by this organization by which materials 
and equipment which have been inspected by the 
underwriters may be inunediately recognized and 
classified. Through this organization architects may 
obtain lists of inspected materials and devices which 
meet with the approval of insurance companies in 
accordance with the recommendations of the Under­
writers' Laboratories. The purpose and accom­
plishments of this organization have been admirably 
set for th in a recent book entitled " A Symbol of 
Safety," by Harry Chase Brearley. This volume 
contains not only a complete description of the work 
of the laboratories but also some very valuable in­
formation on increasing the factor of safety in 
building construction. 

Associated Factory Mutual Fire Insurance Com­
panies. A large proportion of industrial fire insur­
ance is covered directly through the Mutual Fire 
Insurance Company, which, through an extended 
study of the fire hazard in industrial buildings, has 
been able to reduce greatly the fire losses in this 
type of construction. An organization known as the 
Associated Factory Mutual Fire Insurance Com­

panies is located in Boston, where an extensive 
laboratory has been maintained for a number of 
years for the puqjose of studying fire protection 
devices and fire insurance engineering. A number 
of charts and publications have been issued by this 
organization, and the architect will find these of 
particular value in the designing of factory build­
ings. He will find here also a source of information 
covering any individual problem which may develop 
in his plans. 

Another source of information of similar char­
acter is the Factory Insurance Association of Hart­
ford, engineering service by insurance brokers. I t 
is important for the architect to know that a number 
of the larger insurance brokers and companies main­
tain special engineering departments which have had 
])articular experience in the checking of plans and 
recommended equipping of buildings to develop a 
lii.^li degree of safety against fire, and a resultant 
low insurance rate. This service is available to 
building owners usually without charge, provided 
the insurance policy is handled through the com­
pany or organization which provides this service. 
A n architect may arrange with his client to submit 
plans to .such an organization, and this advisory co­
operation will be found invaluable before and after 
construction and in the process of establishing in­
surance rates. I t wil l also be found that similar 
co-operation can be obtained through local insur­
ance inspection bureaus and local agents of large 
fire insurance companies. 

Important Reference Books 
"Handbook of F i re Protect ion" (Crosby-F iskc-Fors tc r ) . 

This is a complete handbook of valuable reference data 
covering every phase o f fire protection engineering. 
. ' I I I ' ! p rovid ing all necessary technical i n fo rma t ion which 
the architect may need f o r incorporat ion in his plans. 

"F i re Prevention and Fire Protection (Joseph Kendall 
F re i t ag ) . 

A most complete handlx)ok o f theory and practice on 
fire prevention and protection as applied to bui ld ing 
construction o f every type. The handbook contains 
over 1,000 pages, and covers in detail a l l elements o f 
insurance engineering, including planning, equipment 
and maintenance o f buildings f r o m the viewpoint o f 
fire prevention. 

••Automatic Sprinkler Protection" (Gorham D ; m a ) . 
A complete treatise on the subject o f automatic 
sprinkler equipment, g iv ing f u l l details as to all types 
of equipment together w i t h proper methods o f installa­
t ion and maintenance. I t is interesting to note in this 
connection that any in fo rma t ion required in regard to 
the use o f automatic sprinklers may be obtained 
th rough the service o f the Na t iona l Automat ic 
Spr inkler Association, 80 Maiden lane, N e w Y o r k . 

In another article in this issue of T H E F O R I ' M the 
importance of careful consideration by the architect 
of this question of fire prevention and protection is 
presented in greater detail, and through the sources 
outlined in preceding paragraphs the architect is 
offered f u l l co-operation and provision of complete 
information on any phase of this subject. 
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Checking Plans and Specifications for Safety 

How to check plans and specifications for safety 
is told in a pamphlet just issued by the National 
Safety Council, 168 North Michigan avenue, Chi­
cago, containing a check list of several hundred 
items which mtist be considered i f serious hazards 
are to be avoided. The pamphlet, which has been 
prepared under the supervision of the council's 
Safe Practices Committee of 75 safety engineers, 
points out that i f proper precautions are taken when 
drawing plans and specifications for new buildings 
or equipment, many accident hazards can be fore­
stalled—an important matter to the plant engineer 
in the.se days of increasing pressure from govern­
ment and insurance inspectors, compensation la\v<, 
and plant safety departments. Such engineering 
revision—or pre-vision—it is said, removes at little 
or no cost hazards which later could be corrected 
only at heavy expense i f at all, and insures compli­
ance with both government and insurance demands, 
the latter resulting in premium reduction. Under 
''General Plant Layout" are mentioned such items 
as the use of natural topography to eliminate dan­
gerous grade crossings and unnecessary elevating of 
material with the attending hazards; proper drain­
age ; proper location of drinking-water wells; 
smokestacks; buildings with serious fire or explo­
sion hazards, etc. Attention is called to the neces­
sity of considering the entire design in the light of 
future extension of the plant, increase in height of 
buildings, or changes in their industrial uses. 

Other sections list the items requiring attention 
in connection with railroads, roadways for vehicles, 
and footways. Fences, intended for plant protec­
tion, may introduce accident and fire hazards i f not 
properly designed, and these are next considered, 
followed by a section on pipe lines for water, steam, 
oil, gas, chemicals, etc. Some 30 items in connec­
tion with the general design of buildings are listed, 
and a number dealing with heating and ventilation, 
lighting, and toilets, washrooms, etc. The remain­
ing sections are devoted to power supply, both steam 
and electric; elevators; cranes, derricks and hoists; 
ciMueyers; mechanical power transmissions; ex-
hau.st systems; abrasive wheels, and shop layout 
and machinery such as are found in a typical manu­
facturing shop. The list concludes with a section 
covering the special hazards of a chemical plant or 
department, this being presented as typical of the 
special check list which each engineer should de­
velop for his own special industry. 

For detailed information on each of the points 
covered, the engineer or architect is referred to 
various standards and handbooks, including the 
! j iL;ineering Standards Committee publications, the 
"Safe Practices" pamphlets, and other ptiblications 
of the National Safetv Council. 

I'rices and information concerning any of the 
publications mentioned here may be obtained throtigh 
T H E A R C H I T E C T U R A L F O R U M Book Department. 

Detail of Corner Pylon, Siege Building, U. S. Arsenal, Rock Island, 111. Reinforced concrete construction with 
architectural features of concrete cast in place. The main facade is 600 feet long 

Bigelow & Wadsworth. Consult ing Architects; Stone & Webster, Inc. , Engineers 



EDITORIAL COMMENT 
A R C H I T E C T U R E A N D I N D U S T R Y 

A RT finds its inspiration everywhere. The rec-
/ \ ord of artistic progress and development 

\ ^ constitutes a graphic outline of the history 
of mankind. Christianily and idolatry, imperialism 
and patriotism, luxurious indulgence and frugal in­
dustry—every j)assion or prejudice of each gener­
ation since the dawn of history has contributed its 
impulse and left its imprint of artistic expression. 

Industry has at all times l)een a prolific source of 
artistic inspiration. Like war and religion, it has 
found primary expression in a pictured history of 
all peoples and races. Artist-historians of the Nile 
valley, in ideal graphic presentation, recorded the 
industries of ancient Egypt. The publicists of the 
Chang period, through pictographic inspiration, en­
couraged and i)romulgated agriculture and kindred 
industries through a vast empire, and at the same 
time formulated the basis of the magnificent, patient 
art of China. So from the records of aboriginal 
peoples to the complex methods of artistic expres­
sion of the present day we find a close kindred 
relationship between art and industry. A t times 
industry is the inspiration of art, and again art in ­
spires industry. 

As we consider the development of architecture 
in the United States, one interesting pha.se is the 
possibility of developing originality in design and 
expression. We are inclined to believe that there 
can be no really original architecture until we coii-
.sider the somewhat jiaradoxical {possibility of an 
important contribution to the development of 
American architecture through the medium of de­
signing indu.strial buildings. 

Should we examine those historical periods f rom 
which mo.st of our precedent in architectural design 
is drawn today, we would find that |)crhaps factories 
are the only general class of buildings which were 
not in use during those centuries long passed. Unt i l 
the development of our modern methods of trans­
portation and communication, indu.stry found its 
])lace in the homes of the j)eople, and it has been 
only in comparatively recent years that the idea of 
industrial production at centralized points and in 
special types of buildings has been developed. The 
first actual factory building (probably developed in 
England) consisted merely of open sheds to afford 
covering against sunlight and rain, and in which the 
people of the village would gather to weave, sjiin. 
carve and perform the various offices of craftsman­
ship which flourished during that period. .Xfter the 
introduction of complicated machinery it became 
necessary to give more thought to the buildings in 
which this machinery and the necessary operatives 
were installed. Gradually the factory developed. 

usually in close jjroximity to congested residential 
districts, and ultimately it formed the nucleus of 
the manufacturing city or town. 

During the early period of development of fac­
tory buildings very little attention was paid to any 
but the most practical consideration of ])roviding a 
building within which the machinery and workers 
nii^ht be ])rotected from the elements. Af te r a 
brief period, however, the unhealthful conditions of 
factory workers caused an alarming and vital de­
terioration among the working classes due to long 
hours spent in ]X)orly lighted and unsanitary build­
ings. I t was realized also that the elficiency of pro­
duction was greatly hampered, and as a result the 
design of factory buildings became of a more 
studied nature, in which, however, the ajsthetic 
factor received no consideration. Wi th in recent 
years a new element has been introduced in the de­
sign of industrial buildings, calling for a degree of 
artistic ex])ression. Several conditions have con­
tributed to this increasing demand for good archi­
tecture in the housing of industry. One of these 
has been in.stitutional pride, which recognized the 
advertising value of a well designed manufacturing 
plant. Another has been the practical recognition 
of increa.sed efficiency on the part of employes 
where sanitary and attractive working conditions 
prevail. 

The spirit of community betterment is more and 
more aggressively ])rotesting against the unsightli-
ness of industrial plants. This growing considera­
tion of atmosphere as a factor in the development 
of industrial projects presents an unusual opportu­
nity fo r the architect to display originality in the 
j)Iaiuiing and treatment of such buildings. 

In an interesting article in this issue Cass Gilbert 
makes several constructive observations which bear 
out this contention. He believes logically that there 
is no reason why our industrial buildings should be 
ugl\ in order to be useful. He suggests that the 
materials commonly u.sed for factory buildings, 
such as concrete and brick, offer interesting possi­
bilities, many as yet untried, and that modern 
methods of factory construction present many op­
portunities of building carefully disposed mas.ses of 
studied outline, striving for the benefits of sim­
plicity, of surface colorings and textures at once 
satisfying and economical. 

The great outstanding promise that industrial 
building holds for the profession is the opportunity 
of creating a style of architecture that wi l l truly in­
terpret modern conditions. Without precedent to 
fetter the hand of the designer, the simple require­
ments of industrial buildings should suggest appro­
priate forms that may eventually lead the way to 
the long sought .American style. 
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