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PREFACE

This manual was written for housekeepers, custodfans,
and management specialists interested in floor selection and
maintenance. In 1553, when ]l became Buflding Supervisor of
a group of Residence Halls, which were then under construction,
I knew little of floor maintenance and began searching for a
manual of this type. Although there were many publications
with sections devoted to floor maintenance, none provided
adequate information on that subject, or would serve as a
guide for selection of a floor,

The factual materfal presented in this report is based
upon fnformation from the various trade associations listed
in the appendix, articles from the trade magazines, work with
other Buflding Supervisors, classes of Hospital Housekeepers
and School Custodians.l have taught and my own experience as
a Building Supervisor for six years.

The usefulness of this manual to the reader, depends
upon his degree of interest in flooring problems. For one
sincerely concerned in learning more about floor maintenance
and selection, this manual can be of value whether he is a
novice or has had twenty years experience,

Floor maintenance materfals and methods may change in
the future. Manufacturers are constantly developing new
machines and new products. [ have tried to Iist maintenance
methods fn general terms with the thought that what {s pre=-

sented as true today will be valid in the future.

fv



INTRODUCT ION

Whenever a new buiflding is designed or an old btuflding
is rehabiliftated the selection of proper flooring for each
area is of prime importance. This is particularly true of
institutional bufldings since floors usually account for 3 to
IC percent of the initial tuflding cost and recefve at least
80 percent of the wear.

Flooring problems have no cure-all. There is seldom
one floor which will meet all service requirements in a parti-
cular institution; a flooring may perform well under certain
conditions and fail under others. Intellicent selection by
area and use is essential for maximum utflity and life.

Too often, floors are purchased on initial cost alone
and low installation expense is the sole determlning factor
in selection, A more relfable method of determining the true
cost of a floor is to consider the initial cost, the expected
Iffe of the floor, cost of maintenance and the cost of repairs,
Cloyes (12) has suggested a formula based on these factors for
comparison of floorfing costs:

F + YM + YR = Cost per square foot per year
Y

F = First cost of flooring installed
Y = Expected life of flooring in years
M = Cost of maintenance per year

R = Cost of repairs



The application of this formula frequently provides concrete
evicence that the purchase of the cheapest fioor on basis of
fnitfal cost fs false economy. The least expensive flooring
is often the most expensive to maintain,

Unfortunately, lack of money may be the executfoner
after intellicent planning has included careful consideration
of fnitial cost, utility, expected Iife, maintenance and re-
pairs. Since the architect must remain within the building
appropriation, flooring specifications usually bear the brunt
of a budget reduction. Asphalt tile may be substituted for
terrazzo or ceramic tile and grease-proof asphalt tile may
replace the fnitial specifications for quarry tile. No mater-
fal should be expected to do the job it was not designed to do
and it is seldom economical to buy the cheapest floor simply
because of low initfal cost.

The purpose of this manual is to provide information
for intelligent selection and efficient maintenance of floor-
ing materials. To select the one best material is not the in=-
tention of this report, but rather to point out the more im=-
portant advantages and disadvantages of common types of hard
and soft flooring and to discuss thefr manufacture, installa-

tion, cost and maintenance,



COMMON TYPES OF FLOORS AND FLCOR COVERINGS

The first flioors were tamped earth covered with textiles
or skins; later, different types of stone pavings were intro-
duced. DOuring the Roman Empire (205 B.C. - A.D. 180) small
pieces of marble were imbedded in cement to form terrazzo and
at the same time mosalc tile and marble floors appeared. In
the late 12th and I13th centuries tile floors became usual in
churches and other important bufldings while wood floors were
common in homes.

An early forerunner of modern floor covering was floor
oil cloth, which had its orfgin in a coarse fabric woven of
hemp or flax coated with oil or paint (23). Later, the cloth
was sfzed with lfiquid glue, rye flour, or varnish and the sur-
face was rutbed with pumice to make it smooth. A coat of color-
ed clay was next applfed to the surface which was then scraped
and evened to the desired thickness. Floor ofil cloth, however,
was not satisfactory. The patterns faded rapidly and the cloth
frequently had to be replaced., The industry, therefore, set
about designing new materials which would be more satisfactory.

The development of resflient floor coverings such as
l{noleum, asphalt, cork, rubber and vinyl has been recent com-
pared to marble, terrazzo and tile. The linoleum industry dates
back to 1860 with the invention by Frederick walton of the pro-
ceses for oxfdizing linseed ofl. Rubber and cork floorings were

first manufactured around 1900, asphalt tile was introduced in



1922 and vinyl floors made their public debut at the Chicago
wWorld Fafr in 1933. Mass production of the currently popular

asphalt tile and vinyl floorings did not begfn untfl the time

of World war 1I1I.



Resflfent Floor Coverings

There are five basic types of resilient floor coverings.
These are: asphalt tile, cork, linoleum, vinyl, rubber and
combinatfons of the basic types. The wide use of resilfent
floor coverings has been due to these product characteristics:
(1) Easy and economical finstallation.

(2) Avaflabilfty of wide variety of sizes, colors and
patterns.

(3) Maximum floor comfort.

Asphalt tile

There are probably more square feet of asphait tile in
institutional, fndustrfal and commercial buildings today than
any other kind of resflfent flooring. This is primarily due
to ease of installation and low initfal cost.

The continuous growth of the asphalt tile industry is
shown by the fncrease §in annual production from an estimated
3 million square yards in 1930 to 41 million square yards in
1947, The 1952 production of 80 millfon square yards accounted
for an estimated 10-12 percent of the resflient floor industry.

Manufacture and cost. Commercifal manufacture of asphalt

tile began In 1922 when a midwestern manufacturer of asphalt
roofing products started the production of asphalt tile. An
early process involved a heavy asphalt solution containing miner-
al fillers troweled smooth and allowed to harden by evaporation

of the solvent (23). At first, tile colors were limited to



black, red, brown and green. Production of individually molded
tiles was practiced inftfally, but this was soon superseded by
the present process of sheeting and cutting to size.

Asphalt tile is a thermoplastic materfial consisting of
asbestos fibers, mineral coloring pigments, fnert fillers, asphal-
tic and resinous binders. These constituents are mixed, calender-
ed, sheeted and cut. The binder materfials determine the physfcal
properties of the tile such as flexibflity, resistance to in=-
dentation and resistance to heat and light (23). The binders
also affect the chemical properties of the tile such as resis=
tance to alkalis, acids, greases and moisture, The fillers con-
sfst of asbestos in fibre form and mineral aggregrate (clay,
ground | fmestone, and ground sand). Different formulations
produce different qualities of the manufactured tile. The
pigments used are generally selected for light fastness, alkali
and acid resistance, as well as to produce the desired color
in the tile.

Asphalt tile is sold in a serfies of color groupings,

A, B, C or D which are described in Table I. A and B usually
contain asphalt birders while C and D have the resin binders
(9). Asphalt tile is also furnished ifn a grade designated as
Greaseproof. In the case of dark colors, the binder is Gil=-
sonite asphalt., One of the paradoxes in product naming is

found in the case of the intermediate and light colors of
asphalt tile: <color groups C and D contain Ifittle or no asphait

since resins are the binders.



TABLE |

ASPHALT TILE COLOR GROUPINGS

Group Colors Descriptfon
Color Group A Black, dark red Plain colors only
Color Group B Background colcrs black, Marbelfzed colors

dark brown and dark red only

mottled with any one or
more of the following
colors: white, red,
yellow and green.

Color Group C Dark green, light green, Plain colors
lfght gray, light red,
medfum red, tan and buff.

Seven background colors Marbel ized colors
corresponding to the plain

colors lfsted above, mottled

with any one or more colors

to make seven color patterns.

Color Group D Cream, white, blue Flain colors

Three background colors Marbelized colors
corresponding to the plain

colors |isted above mottled

with any one or more colors

to make three color patterns.

Il

Asphalt tile is regularly avafilable in sizes 9 by 9 inches,
12 by 12 inches, and I8 by 24 inches with either 1/8-inch or
3/16=inch thickness (3). The 3/16=inch thickness is often
used fn industrial establishments where floors recefve a great
deal of wear and abuse. The 9 by 9 inch tile is the most com-

monly used.



While the cost of asphalt tile has increased with ris=
ing prices generally, it §s still the least expensive of the
resilient floor coverings. The inftial cost of the asphalt
tile varfes with the colors selected.

Group A colors are usually lowest in cost.

Group B colors are usually next lowest.

Group C colors are usually next lowest.

Group D colors are the most expensive.

Of all the resilient floors, conventional asphalt tile
is the least expensive to fnstall. Installed price ranges are,
however, difffcult to quote because there are so many factors
that affect cost in addition to purchase price of floor covere
ing matertfal. Installation is often a ma jor variant in floor
covering costs (19). For example, a floor in a single color
and styling laid wall to wall is less costly than a complex,
custom desfgned floor that involves exceptional craftsmanship
and additional time to lay. Other items affecting installation

cost are subfloor conditions and local labor rates.

Installation. Asphalt tile can be installed on nearly

any kind of subflioor almost anywhere, but it is not recommended
for outdoor installations (35). The subfloor, must be solid,
level, smooth, and free of wax and ofls., If painted, the old
paint should be removed and the subfloor must be dry and not

at any time subjected to excessive moisture.



If the subfloor is concrete, and if any dusting exists,

a priming of asphalt should be applied. No under layment is
required {f the installation is to be over a wood floor (4).
The wood subfloor must be solid and smooth, free of cupped or
broken boards. Sanding is sometimes necessary. The asphalt
tile adhesfve should be applied in a thin film and spread even-
ly with a cement finisher trowel of the type suggested by the
asphalt tile manufacturer.

The Asphalt Tile Institute recommends a 70° F. room tem-
perature for a perfod of 48 hours before and during installation
followed by a 48 hour perfod at this same temperature after in-
stallation. Newly installed asphalt tile should not be scrubbed
for at least 14 days so that the cement bonds the tile tightly
to the subfloor and the tile sets solidly.

Complete Information covering the installation of asphalt
tile has been published by the Asphalt Tile Institute, 10! Park

Avenue, New York City, New York.

Utility. The chief advantages of asphalt tile, low
inftial cost and ease of fnstallation, have already been cited.
Unfversal popularity may also be attributed to:

1) wide range of avaflable colors and patterns.

2) Ample choice of tile sizes and gauges (thicknesses).

3) Fair resistance to alkali,

4) Easy replacement of damaged areas.
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Disadvantages of asphalt tile are readily apparent in
an institutfonal floor:

I) High maintenance cost.

2) Poor resfistance to grease.

3) Poor resiliency compared to rubber.

4) Susceptibility to indentatfon.

5) Susceptibility to cracking or breaking when cold
and brittie.

6) Color fading caused by highly alkaline cleansers.

7) Softening and warping of the tile and loosening
of the adhesive caused by excessive use of hot water.

Mafntenance. The basic steps in the maintenance of

asphalt tile are dry cleaning, wet cleaning, and, waxing and
polishing.

|) Sweeping, vacuuming or dust mopping are the usually
dry cleaning methods.
No floor should be scrubbed until it has been dry
cleaned by one of these three methods. Ofl and its
derfvatives can soften and disintegrate asphailt tile.
Care should be taken not to use an ofly dust mop or
sweeping compound.

2) Wet cleaning. Three operations (stripping, scrubbing,
wet mopping) comprise the wet cleaning process.

a) Stripping. The removal of all sofl and wax from
the floor with a soap or detergent
and mechanfical agftation such as a
power scrubber,

b) Scrubbing. The removal of all sofl but wax.
Many custodfans use this term synono-
mously with stripping.

c) Wet mopping. The use of a mop and water on the
floor. Soap, detergent, or wax may
be added to the water. When wax fs
added to clean mop water, this fis
sometimes referred to as track mopping.



Certain precautions should be observed in all three
phases of the wet cleaning process.

a) New floors should not be flooded with water
untfl they have set properly, which may require
from 7 to 14 days,

b) The excessive use of hot water or too much
water may cause warping or softening of the
tile. The water may also loosen the tile from
the mastic which binds it to the subfloor.

c) Highly alkaline soaps can cause bleeding or
loss of color by damaging the pigment binders.

d) Rough steel wool can scratch the tile.

3) waxing and polishing., Only good water emulsion
waxes or plastic coatings should te used on asphalt
tile., Solvent waxes will soften and deterforate
asphalt, The wax should always be applied in thin
coats and the floor should be machine buffed after

each coat is dry., If a slip hazard exists, sifip
resistant waxes are available,

Cork tile

Although cork tfle has been manufactured sfnce 1900 it
constitutes a relatively small part of total industry production
(23). This may be due to the restricted use and high price of

cork floor coverings,

Manufacture and Cost. Cork comes from the outer bark

of the cork oak tree found in Spain and Portugal and is com=
posed of numerous |4 sided cells which are empty. The bark fis
converted fnto shavings, cleaned, ground, molded in large hy=-

draulic presses and sheeted. The sheeted material is then
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baked at a high temperature to meit the natural resins which
bind the mass together., Some manufacturers add certain resinous
binders of lower melting point to reduce the baking temperature.
The surface of this sheeted material fs gfven a heavy coat of
melted wax and the sheeting fs cut in varfcus sizes and sold
as cork tile.

Cork tile is available In light or dark brown tones and
fn a varifation of shading which is fabricated by mixing dark
and light particles of cork in the same tile. The tile may be
purchased in squares or rectangular planks and s usually in=
stalled in alternating shades.

Of the resilient floor coverings only pure vinyl tile
fs more expensive than cork. Rubber tile §fs nearly equal to
cork in price but linoleum, asphalt tile and vinyl asbestos

tiles are cheaper.

Installation. Cork tile should be installed only on

floors which are above ground and ventilated underneath (45).
Most basement installations are not feasible since cork tile
should not be laid on subflioors in direct contact with the

ground or over concrete floors subjected to moisture. While

the cork componets of the flooring are not affected by ordi=-

nary mofsture, the resinous binders and the cement which attaches

the tfle to the subfloor are likely to deterforate from prolonged

contact with moisture.
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Cork tile is flexible and will bend several degrees be-
fore breaking. The natural tendency of the tile to promptly
resume fits orfiginal shape makes it less adaptable to uneven
surfaces than other resflient floorings. When an installation
is made over an uneven subfloor, sanding of the cork may be
required to avoid an undulating appearance and normally the
tile will loosen.

For a satisfactory finstallation certain precautions are
essential. Plywood or masonite (&-inch) should be nafled to
old subfloors with screw type nails on 6-inch centers and on
3=fnch centers along the joints. In the case of new wood Sub-
floors the boards should be well seasoned and well dressed,
not more than 3 inches wide and laid perfectly smooth with all
joints tight and well nafled. Wright (43) has recommended that
an asphalt saturated paper with butt joints be laid across the
boards and cemented down. A newly sanded wood subfloor may
be given a coat of penetrating floor sealer to insure better
adhesion of the cement which attaches the cork to the subfloor,
Cork tile should not be laid over a single-layer floor since
some single-layer flcors may flex under pressure and thereby
loosen the tiles.

Professional installation of cork tile is advisable
even though specifications and directives are avaflable from

Manufacturers.

Utility., Cork is the luxury floor of the resilient
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floor coverings. It is similar in composition to linoleum
but tt is lighter, more resilient and less durable. Because
of composition cork tile is extremely flexible, very qufet,
soft and easy underfoot and for these reasons is used where
comfort and quietness are primary factors. Cork is not recom-
mended for such areas as kftchens and dining rooms.
In the selection of an fnstitutional floor the advantages
and disadvantages of cork tile should not be overlooked.
Advantages
I) Comfortable for standing or walking,
2) Absorption of traffic noises.
3) Easy replacement of damaged tile.

4) Good coefficient of friction; normally slip
resistant.

5) Good insulator against heat and cold.

6) Resistant to mild acids.

Dlsadvantages

1) High initial cost.

2) Expensive and difficult maintenance.

3) Poor resistance to solvents and grease.

4) Easily indented.

5) Easily damaged by excessive hot water,

6) Scratching from abrasive cleaners or gritty soil.

7) Deterforation by highly alkaline cleaners.

Mafntenance. Cork tile fs not designed for rugged
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usage, but may, if properly cared for, last for thirty years

in areas such as offices or homes (45). On the other hand,
abuse, neglect or fncorrect maintenance may limit the life

to less than five years fn areas such as hallways or ballrooms.
Cork tile should not be scrubbed for 7 to 14 days after in-
stallation and then with a rather neutral soap.

Remember that:

l. Vacuuming, sweeping, or dustmopping may be used
in dry cleaning cork ttle.

2. In wet cleaning, use only enough saopy water to
loosen the soil and remove immediately with a wet
vacuum pickup.

3. Cork tile may be waxed with either solvent or
water emulsion wax, buffing after each coat.

4. Machine buffing with #00 steel wool is sometimes

employed for the cleanfing process.

Do not:

I. Use harsh alkalfne cleaners.

2. Use harsh abrasive cleaners.

3. Clean with naphtha, casoline or simflar solvents,
. Use ofly dust mops or ofily sweeping compounds.
. Coat with a varnish or lacquer.

A
5
6. Concentrate heavy loads on small areas.
7. Use excessive water.

8

. Allow grit, sand or cinders to accumulate on floor.



Linoleum

Linoleum, a term originally coined by the Englishman
Frederfck Walton for a material of his own fnvention, is now
used indiscriminately to describe almostball floor coverings
having a base of solidified ofl adhering to a jute canvas or
some other foundation (23).

The earliest patent in 1€36 for "Painting with oyle
cullers upon wollen-cloath,” was recorded in England (24).

In 1754 Nathan Smith established a factory at Knights Bridge
for the manufacture of floor cloth by applying a mixture of
rosin, pitch, Spanish Brown, beeswax and linseed oil In a
melted state to canvas and rolling it in by pressure (23).
Ninety years later Eli jah Galloway softened Indfia rubber by
heating, incorporated it with cork dust, and rolled the re=-
sulting mass into sheets which were marketed as "kamptulicon",
Owing to the high price of rubber, the floor covering proved
to be costly; and in 1860 Frederick wWalton invented a process
(Eng. Pat. 209) for oxidizing linseed ofl to produce a cheap,
rubber-|fke substitute (23). 1In principle, the methods used
today are essentially the same as those covered by his in-
ventions.

Production of linoleum was well under way in England
and Europe by the latter part of the nineteenth century. In
the uUnited States the Iinoleum industry has tripled production

during the last forty years to an estimated current productfon
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of nearly 100,000,000 square yards in 1658, It is computed
that the world's output of linoleum is more than 200,000,000

square yards per year.

Manufacture and cost. The principle ingredients for

the manufacture of the surface of Ifnoleum are oxidized drying
ofle (linseed and soya bean) incorporated with rosin or resins
and cork or wood flour (23). From the drying ofls linoleum
receives wearing qualfties while the resins act as a binding
materfial. Resfliency and heating properties are obtained from
the cork and wood flour,

The manufacturing processes for linoleums are essentially
the same as those invented by Walton and involve the following
operations:

I, The production of solidified linseed oil.

2. The manufacture of the cement.

3. The fincorporatfon of ground cork or wood flour and

pigment with the cement.

4, The application of this mixture to a backing of

burlap, cotton or asphalted felt.

5. Seasoning or curing of the sheeted materfal.

6. The pafinting of the underside to preserve the canvas.

7. The trimming of the finished cloth.

The first operation consists of a process whereby the
ofil, driers, rosin and added gums are heat-fiuxed and then
placed in a horizontal, totally enclicsed, jacketed, steel cylin-
der called a Bedford kettle. Conditioned air is introduced
through a port and high-speed agitation is provided by a hori-
Zontal shaft equipped with radial rods. The resulting mass

eémerges in a jelled form and is dumped onto a wood=flour
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covered floor in layers approximately two inches thick. After
cooling, cutting into small, rubber-like slabs, and a suftable
aging perfod, the linoleum is ready to use.

The next stage of the process involves the incorporation
of the cement with cork dust or wood flour, whiting, and pig-
ments in a steam- jacketed internal mixer. The mixture then
passes through a series of large grinders and the extruded
product is fed into the "scratcher", a machine consisting of
two rolls, one steam=heated and the other cold, to which the
materfal adheres. Adjacent to the "scratcher" is a third roll,
fitted with hundreds of sharp spikes, which revolves at a hfgh
speed scratching off small particles of the linoleum material
and converting it into granular flour. These granules or
"scratch”" provide the basis for all types of linoleum (23).

The varfous products made from "scratch" can be divided
into three broad classes: plain, inlaid and printed.

Plain Ifnoleum is all one color and has been popular
for institutional use in the "battieship" type. This was re=-
ferred to as "battieship" linoleum because it was first used
on the deck of warships. The orfgfnal "battleship" Iinoleums
were g¢-inch to 4-inch thick, today the usual thickness is
One-eighth inch.

Inlaid Iinoleum, sometimes referred to as embossed
inlaid, is often produced with imitation tile patterns. Since

the design and color go entirely through the backing, the
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pattern remains intact during the Iife of the covering. It
is often used in offices.

Printed linoleums are not practical for institutifonal
use since the design is stamped or applied with heavy lacquers
on the surface. They do not stand up in heavy traffic areas.

Linoleums are avaflable in two, three, four and six
yard wicths; thickness is usually between .0625 and .125 of an
fnch., Most linoleums are manufactured in rolls six feet wide
and ninety feet long to permit installation with as few seams
as possfible (24). Occasionally the sheets are cut in tile
form.

The installed cost of linoleum varies with the type of
subfloor and the style of Iinoleum., If the subfloor is rough
the necessary adhesive and felt liner increase the cost. In
general, lfnoleum {s the second cheapest floor covering in
terms of initfal cost. In most areas of the United States

only asphalt tile flooring can be installed at less expense.

Installation. Linoleum can be installed over almost

any kind of smooth, solid, dry subfloor except concrete which
is in direct contact with the ground. The natural aikali in
concrete when actfivated by moisture tends to emulsify the ofl
content of the Iinoleum. The resulting seepage can cause
disintegration of the backing materfal and slow disintegration
of the lfinoleum itself. Since dampness is detrimental to |ino-
leum, the subfloor should be at least 18 fnches above the

dround for necessary ventilation (24),
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A solid subfloor is essential because a foundation
which flexes under pressure may cause the |linoleum to break.
Holes, cupped boards or other imperfections in the subfloor
will soon become evident after the Iinoleum has been laid.
Such a subfloor requires sanding.

If Iinoleum is installed over single wood floors, hard=-
wood or plywood should be laid first; if over a double wood
subfioor, the top floor should be tongue-and-groove. Cracks
wider than one-efghthof an inch and holes larger than one-
fourth of an inch should be completely filled with a good
plastic wood or snugly fitting pieces of wood. Loose boards
should be nailed down and the nafl heads countersunk,

Lining felt is often used when burlap-backed linoleum
is installed over wood subfloors. Linoleum adhesive is
applied to the subfloor, spread out with a saw=toothed trowel
and the lining felt pressed down. After the floor has been
covered with the felt and the edges have been carefully butted,
a heavy roller is used to level the surface. When the lining
fs firmly set, the adhesive is spread over the surface. Li{ino-
leum should be lafd carefully in the same direction as the
Ifning felt but the Iinoleum seams should not cover the seams
of the felt. After installation the lfnoleum should be rolled
to insure thorough adhesion.

Wright (43) has recommended that linoleum be stored at
a8 temperature of 70° F. for at least 24 hours before installa-
tfon and that the room temperature during installation be at

least 70° F.
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Before installation of lIinoleum on old floors the
quarter round moldings should be removed, the floor should be
stripped of paint, varnish and floor wax, scrubbed and thorough-

ly dried.

Utility. After one hundred years of use as a floor
covering, linoleum, the original resilient flooring, ranks high
in popularity with the residential building trades and has main-
tained qualified acceptance for fnstitutional floors. Many pub-
lic buildings have not replaced the old "battleship" linoleum
floorings which were produced in %-lnch thickness years ago.

In addition to durability, resiliency and quietness
linoleum has the following advantages:

Low fnftial cost.

Easy installation.

Avaflability of many types, patterns, and gauges.
Underfoot comfort.

Resistance to indentation,
Resistance to grease and mild acids.

AN BB —-
e o o o o o

The disadvantages of linoleum are readily apparent in
certain institutional floor layouts:

l. Linoleum with burlap backing can seldom be in=-
stalled on concrete.

2. Linoleum can be rufned by strong alkalies.

3. Worn areas cannot be easfly patched.

4, Rough spots in the subfloor may damage the |inoleum,

5. Abrasive cleaners may scratch linoleum,

€. Some types break or crack rather easily at low
temperatures.

Maintenance. The same rules governing the use of clean-

ers apply to nearly all types of linoleum (37).
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Strong alkalies should not be used on linoleum. The
linseed oil component of Ifnoleum is a vegetable fat saponifi-
able by alkali; consequently, alkalies of all kinds are injuri=-
ous to Iinoleum. Even the natural alkali in concrete, when
actifvated by moisture, can disintegrate linoleum,

Too much mofsture is detrimental to linoleum. Accord=-
ing to some |Ifnoleum people more [inoleum floors are washed
out than are worn out. Newly installed linoleum should not be
scrubbed until the adhesive cement has set which may require
five or more days. In washing or scrubbing only enocugh water
should be used for effective cleaning., Water may seep under
the Ifinoleum and cause the backing to rot and the surface to
buckle and break.

Except in extreme cases abrasive cleaners are not
practicable for Ifnoleum. Mild abrasfves are sometimes used
for stain removal or to cut wax deposits.

Steel wool is occasfonally employed for stripping old
wax, but may scratch the linoleum surface.

Efther water or paste wax will provide a protective
finish for Iinoleum floors; neither type of wax should contafn
any alkalf,.

Maintenance precautions can be briefiy summarized:

I. Beware of highly alkaline cleaners.

2. Use only neutral soaps or detergents.

3. Be sure to remove all soap or cleaner after scrubbing
the floor.
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4, Do not:

a. Use harsh scouring compounds.

b. Use sweeping compounds containing ofls, sand
or abrasives.

c. Use sealing compounds except those recommended
by linoleum manufacturers for restoring the
appearance of an old linoleum.

d. Use too much water in cleaning linoleum floors.

e. Leave water or washing solutions of the floor
for any length of time.

5. Linoleum should be protected against indentation
by glides and supports.
Rubber

The English word rubber was coined by Joseph Priestley,
the discoverer of oxygen, from its use in rubbing out pencil
marks. The term Indfa rubber was given because it was first
brought to Europe from the West Indies.

A factory for the production of rubber was in operation
in France in 1803. However, the real development of rubber manu-
facturing began in England in 1820. Thomas Hancock, often referred
to as the "Father of the Rubber Industry", opened a shop in Lon-
don in 1820 and is credited with many of the early developments
in rubber manufacturing.

Rubber was first manufactured in the Unfted States fn
1832 but production was limited. In 1870, B, F. Goodrich, the
discoverer of vulcanfzation established a factory at Akron, Ohfo.
With the exception of World Wars I and 1I, rubber has been fn
cont fnuous production ever since.

Rubber flooring was first manufactured around 1900 and
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production has gradually increased from one millfon square yards
in 1939, to around fifteen million square yards in 1958, However,
rubber still constitutes a relatively small percentage of the

resilfent floor coverings.

Manufacture and cost., When the Japanese cut the crude

supply of rubber from the Far East after Pearl| Harbor, natural
rubber floors went temporarily off the market. Before World
War Il much of the crude rubber had been imported from Malaya,
Borneo, Sumatra and Java.

Germany had developed a snythetic rubber in World War
I but since it was inferior to natural rubber, fnterest waned
when the war was over. Little work was done in the United
States on synthetic rubber until 1940 when B, F. Goodrich and
Standard Oil each developed a snythetic rubber. The real im-
petus for development of snythetic rubber in the United States
dates to December 7, 1941. Numerous synthetic rubbers have
been developed since 1941; three important types are:

l. GR=2. (78 parts butadiene, 22 parts styrene)

2. Butyl. (97 parts isobutylene, 3 parts fsoprene)

3. Neoprene. (monovinylacetylene)

Some of the fngredients in synthetfc rubber might also
be found iIn plastic vinyl floor coverings. In fact, it might
be argued that synthetic rubber is a plastic, sfnce it can be
fabricated by procedures used in manufacturing plastics., How=
ever, synthetic rubber is not considered part of the plastics

industry even though the preparation of the polymeric rubber
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molecule is similar to the processes used in the development
of resinous polymers.

The manufacturing process for rubber flooring lnvolveg
the mixing of ingredients (clay, rubber, colors and accelerators)
in a Banbury mixer and/or in a differential-speed, two=roll mill,
The mass then passes through sheeter rolls. The sheeted mater-
fal is vulcanized in platen presses to obtain a high surface
gloss and is then cut to die presses. The final sanding oper-
atfon controls the gauge and roughens the back surface for adhe-
sion during installation, Variations in pattern depends upon
the method of calender feed-preparations; i.e., the system for
overjaying contrasting color stocks to a base-colored stock fn
the form of sheets (23).

Recent improvements in rubber tile production include
(1) a catalyzing agent which hastens the vulcanizing process
and consequently cuts manufacturing costs; and (2) the dis=-
covery of several ingredients which guard against oxidation and
deterforation by ultraviolet rays of the sun (I8). Some authori-
ties disagree on the effectiveness of the latter development.

The two main types of rubber flooring are rubber tile
blocks and sheet rubber which comes in rolls and is laid §in a
manner similar to Iinoleum., Rubber flooring is usually avafl-
able in thicknesses of one-eighth inch, three-sixteenth inch,
one-fourth inch and three-eighths {inch.

Rubber flooring has many of the advantages of pure
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vinyl and Is usually more economical. The initial cost of
rubber floors is generally medium to medium high compared with

the other resilient floors.

Installation. Rubber tfile can be installed satisfactor-

fly over any solid, smooth, dry, ventflated subfloor, provided
the subfloor is free of dust, oil, grease, floor wax or other
foreign matter which may prevent proper adhesfon (43), For
years, the recommendation has been made that no rubber should

be installed on subfloors in direct contact with the ground.
Concrete has always been an extremely poor base since the alkali
in the concrete may attack the adhesfve which binds the tile to
the subfloor., However, a new adhesive has recently been develop-
ed which is satisfactory for binding rubber to concrete fn base-
ments (40).

Rubber tile is usually installed in much the same manner
as asphalt tile. After the adhesive has been spread and set,
the method for laying tile is the sequence for most resilient
tile fioorings:

I. Make a chalk=line from the center of each wall to
the opposite wall. This forms a cross, the center
of which, fs the center of the room,

2. The tfles are laid along the line, beginning in the
center. Follow the Ifne to each of the two adjoin-

fng walls but do not cement the tile down,

3. After the same margin has been obtained on all
sides of the room the tile is cemented down,

4, One quarter of the floor should be completed at a
time.

5. The entire floor should be leveled with a roller.
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Additfonal information on installation is available
from the Rubber Manufacturers Assocfiation, 444 Madison Avenue,

New York 22, N.Y.

utility. Rubber has for a long time been considered
the aristocrat of floors, and this is for good reason. Rubber
tile seldom gives cause for complaints for slipperiness. Rubber
flooring is resistant to cracking or crazing and high tensile
strength prevents excessive contraction and expansfon, thus
eliminating the tendency to buckle. Rubber tile will withstand
200 pounds per square inch, whereas 25 pounds is considered the
limit for asphalt tile, 40 for cork tile, and 75 for plain lino=-
leum (43).

Vinyl plastic at the present is a real competitor of
rubber tile despite the greater resiliency and lower prfce of
rubber. To dfistinguish rubber from pure 100 percent viny! fs
difficult; smelling is one test. Rubber has a particularly
characteristic odor when even a small amount of natural rubber
fs used, while pure vinyl has practically no odor. The chief
merits of rubber are:

I. Relative quietness due to a low sound factor,

2. Resilience for underfoot comfort.

3. Good service life when properly maintained.

4, Easy installation,

5. Possible replacement of damaged tfiles.

6. Avaflabilfity of wide range of colors, sizes and
thicknesses.
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7. Good recovery from indentation.

8. Moderate resistance to acids, alkalis and staining,

Rubber tile floors also have disadvantages, The National
Bureau of Standards exposed 60 samples of rubber flooring near
a window for six months, A summary of the data gives evidence
that sunlifight can be harmful to rubber floors:

An examination at the end of this period showed

that every sample had lost fts gloss and fn most

cases the surface had chalked as is most often

observed on painted surfaces exposed to sunliight.

In addition, most of the colors had faded to a

greater or less degree and in several cases,

there was surface checking., . . .

Two other disadvantages of rubber for institutional
floors should be mentioned:

l. Poor resfstance to grease and solvents,

2. Cracking due to prolonged afr exposure.

Majntenance. Rubber floors, when correctly maintained,

will give years of satisfactory service from the standpoint of

appearance, durabflity and economy. Correct maintenance is a

vital requirement for full enjoyment of this type of floor.
Present day synthetic rubber tile is more resistant

to abuse than the pre-war natural rubber product, but is sus-

ceptible to injury from improper care. Maintenance rules for

the old type floors are applicable to the new synthetic floorings.

lBrenn, Earl. Floor maintenance manual. Huntington,
Indiana, The Huntington Co. p. X=-I.
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Rubber floors should not be scrubbed until they have
been laid for several days. While the adhesive Is setting the
flooring should be protected against traffic. Heavy paper over-
lays can help prevent scratching or the tracking in of dirt,
grime and plaster. After the rubber tile Is thoroughly set
the surface should be cleaned with a detergent approved by the
Rubber Manufacturers Association., Certain types of cleaners
and waxes have proved their suitability for use on rubber floors
and appear in List No. |5 from this Association (36).

Clear water mopping is a common method of dafly main-
tenance for rubber tile since the plate finish offers little
refuge for dirt, However, when detergents are necessary they
could be selected from the approved List No. |5 prepared by
the Rubber Manufacturers Agsociatfion in the publicat;on, Approved

Maintenance Methods for Rubber Floors. )

Practically all manufacturers of rubber floors recommend
waxlng'wlth a water emulsfon wax; paste or solvent waxes are not
practical. A good water emulsfon wax will brighten the colors
of the tile, add to the gloss and make the floor easier to clean,
and keep clean., The main purpose of wax is the protection qf
the floor from wear sfince wax is easier to replace than the
flooring. A good wax coating will also safe-guard rubber against
twc  enemies, sunlfight and air. The daily buffing of a waxed
floor with a polishing machine remers much of the soil and re-
vives the appearance. Ordinary traffic dirt and stains do not

readily penetrate a good film of wax.
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Because of the sensitiveness of rubber to oils and
greases, oil=-treated dust mops or sweeping compounds should
never be used.

Any type of varnish or lacquer will cause hardening or
breaking of rubber and should not be applied.

Although rubber floors do not indent as readily as
some resflient floors, casters and glides should be used on
furniture.

Further information on the maintenance of rubber floors
fs available from the Rubber Manufacturers Associatfion, 444

Madison Avenue, New York, N. Y,
Viny!

Hundreds of pliastic materials have been developed since
John W, Hyatt discovered a synthetic plastic, celluloid, in
1868 (23). Although the first vinyl plastic floor was installed
fn 1933, this type of flooring has been popular only since World
war 1I1.

The initial development of plastic=type floors was slow
due to the high cost of synthetic resins but the increased utili=-
zation of resins in floor coverings and other products has helped
reduce prices. In 1941 23 million pounds of vinyl resin were
produced at a price of 77 cents per pound. It has been estimated
that over 500 million pounds were produced in 1958 and the price
has decreased to less than 40 cents per pound. The floor cover=-
iIng f{ndustry currently uses about |5 to 20 percent of vinyl resin

Production.
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No officfal figures are available for total production
of plastic floor coverings. Some manufacturers have utilized
vinyl resins in improving conventional products, thus disqguis=-
ing the total impact of the new materfals. Some estimates have
been that total production of all vinyl-type floor coverings
currently amount to more than half the yearly production of

asphalt tile.

Manufacture and cost. The term vinyl covers a wide

varfety of floor types. Vinyl plastic, or resin, is a definite
material made from acetyline and hydrochloric acid which fs
frequently used in combination with other raw materfals. These
may include asbestos, asphalt, certain mineral fillers and even
ground cork (43). -

The physical and chemical properties of vinyl resins
are very adaptable to floor coverings., These resins are pro-
duced in powdered form capable of blending with plasticizers,
coloring pigments, stabilizers, and similar substances in a
Banbury mixer. This differential-speed, two-roll mixer is the
same type as that used in the rubber industry. After calender-
ing, the product is pressed on a base; neither heat curing nor
vulcanfzation is necessary. Plastic coverings are made both
in the fntegral and membrane forms. The membrane base consists
of asphalt-saturated felt, fabric, cork, or sponge rubber.

Pure, 100 percent vinyl floors have many desirable

qualftfes and are the most expensive of the resilient floors.
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Consequently, some of the less essential virtues of pure vinyl

may be relinquished to produce other types of vinyl floors at

competitive prices.

Vinyl plastic floor coverings manufactured at present

include (22):

Rotogravure printed yard goods is made by print=-
ing a photographed design with vinyl ink on a
heavy paper which is in turn water-proofed, lami=
nated to an asphalt saturated base, and finally
covered with a transparent layer of vinyl plastic.

A commercial product sold under the brand name
of Sandran is representative of rotogravure
printed yard goods.

Calendered vinyl flooring is the counterpart of
conventional inlaid linoleum. In this type of
plastic flooring the oxidized drying oils or
linoxyn are replaced by vinyl resin and plasti=-
cizer. Calendered vinyl flooring is produced in
both tile and yard goods form,

Gold Seal Vinyl=Floor is one brand available.

Semi-regid vinyl base tile is comparable to
asphalt tile except that vinyl type resins
replace the asphalt, coumarone-indene or

other cheaper resins. Semi-rigioc vinyl tile

is generally a little more flexible and resili-
ent than asphalt tile.

Two examples are Terraflex and Koroseal,

Flexitle vinyl tile, sometimes referred to as
pure or ICO percent vinyl is similar to rubber
tile in its flexible properties and is diffi=
cult to distinguish from rubber in appearance.
This type usually contains a minimum of asbes-
tos fiber, if any, and a lower loading of inert
pigment and extended filler. Some manufacturers
are laminating flexible vinyl type material to

a backing material.

Wingfoot and Lifetime Vinyl are two brands of
this type of flooring.
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5. Vinyl print yard goods is similar to conventional
felt base linoleum except that the enamel for
printing the surface is made of vinyl resin,

Vinoflor, one brand, is avafilable only in yard goods.

The tile sizes normally available are 9 by 9 inches, 12
by 12 inches and I8 by 24 inches. The calendered vinyl and roto-
gravure can be obtafned in 6 foot rolls, The available gauges
of vinyl tile are one=eighth inch, three-sixteenth inch and one=-
fourth inch.

Custom vinyl cork tile and 100 percent vinyl tile are
the most expensive in initial cost of the resilfent filoors. The
price of vinyl flooring varies with the gauge of the tile, the
percentage of vinyl and the other substance with which the vinyl
is combined. Vinyl cork and flexible vinyl rate high in inftfal
cost; vinyl asbestos is in the medium price range. In the opin-
lonAof many operators the superlatfve qualities of vinyl floor=-

ing justify the higher price.

Installation. Due to similarity of composition, in-

stallation of vinyl tile is practically identical to rubber.
The subfloor must be smooth, solid and dry since semi=flexible
tiles may break if placed over a rough or uneven floor. Even
though a good adhesive might hold flexible tfle, the frregular=-
fties in the subfloors should be sanded until smooth., For cer-
tain types of uneven subfloor a troweled underiayment such as

Oxychloride may be applied.
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Single plywood subfloor construction may flex under
pressure and cause the tfles to loosen or crack. A layer of
strong plywood nailed to the subfloor should prevent flexing.

until recently, vinyl flooring could not be lafd suc-
cessfully on concrete fn contact with the ground. Several manu-
facturers of vinyl floors have now produced adhesfives which
are immune to the alkali and moisture in concrete (43).

The procedure for laying vinyl and rubber tiles is
similar, A limited section of the subfloor should be coated
with adhesive at one time. An underlayment of asphalt-saturated
paper or felt requires roller leveling and a second coat of ad-
hesfve before the tiles are attached. The adhesive is applied
to the subfloor with a notched trowel which has a saw=-toothed
edge. The trowel, scraped edgewise, applies the adhesive In
small paralled ridges.

The preceding method can be used for either vinyl tile
or vinyl sheeting but is not used for one type of vinyl floor-
ing. This type of flexible vinyl tile is relatively thick,
grilled on the underside to resemble a waffle and can be laid
without adhesive. The many small suction cups formed by the
grill hold the tile to the subfloor. This type of flooring

may be removed and installed elsewhere (43).

Utility. The top quality of the vinyl plastics, flexi=
ble vinyl tile, resembles rubber in appearance and is almost as

flexible and resilient (40). Flexible vinyl tile has excellent
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wearability and is resistant to indentation, oils, grease, sol=-
vents, alkalis and many acids. Compared to other resilient
floors, maintenance is economical and easy but the initial cost
is high and flooding with water may loosen the adhesfve cement,
The popularity of vinyl-asbestos tile is increasing.
Al though vinyl-asbestos resembles asphalt tile, {t possesses
several advantages over asphalt tile. These advantages are
greater resistance to solvents, oils, greases.and alkalis.
However, vinyl-asbestos {s more expensive than asphalt tile.
The general advantages of vinyl plastic tile floor

coverings are:

. Easy and economical maintenance.

. Avaflability of wide range of colors, sizes,
thicknesses and designs,

. Excellent service life.

. Glossy appearance.

. High resistance to grease, alkali, solvents and
most acids.

. Resiliency.

. Good resistance to indentation,

. Excellent color stability.

9. Easy repafir of damaged areas.

10. Installation is not difficult,

|

2
3
4
5
6
7
8

The disadvantages of vinyl plastic floor coverings
are limited:

l. Hfgh initfal price.

2. Subject to scratching from harsh abrasfves.

3. Resistance to conformity to uneven subfloors.

4, Loosening of adhesive from constant flooding
with water,

Maintenance. The maintenance of vinyl tile is a con-

troversial subject. Some manufacturers of vinyl tile cliam



that only sweeping and clear water mopping are necessary; none
warn against use of mild detergents or floor wax (43). Those
who do not recommend detergents or waxing report that such
maintenance items are unnecessary expense since wax will not
adhere readily to the flooring. The implicatfon is made that
vinyl floors are much more economical to maintain than the
other resilient floors. This is usually true; however, from
certain studfes the consensus of opinfon is that detergents
and waxing are necessary for proper maintenance of vinyl floor
coverings.

In 1953 the Chemical Specialties Manufacturing Associa-
tion employed a research laboratory to study the problem of
waxing vinyl floors (22). The technicians conducted numerous
tests, analyzed the data and presented an opinion which follows:

To summarize, our study of the effects produced by

the use of three types of floor wax on five brands

of vinyl tile disclosed the following:

l. The appearance of the tile, as judged by gloss
measurement, {s greatly improved by waxing.

2. The use of wax does not significantly change
the coefficient of friction or slip proper=-
ties of the tile.

3. The solling tendency of vinyl tfle may be
substantifally decreased by waxing,

4, Soil removal by scrubbing is greatly facili=
tated where vinyl tile has been previously

waxed.

5. Pronounced protection against marring of
the surface results from waxing.
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6. Some difficulty may be encountered in waxing
new tile with emulsion type waxes because of
poor wetting and spreading. However, experi=-
ence indicates that after a perfod of use
this condition disappears.2

In these respects vinyl floorings do not differ from
other types of flooring for which decades of usage have amply
proved the need for and desirability of waxing.

In 1955, Sanitary Maintenance Magazine contacted several
vinyl flooring manufacturers for recommendations on cleaning with
steel wool and waxing. The replies of thirteen manufacturing
companfes showed that nine recommended waxing while four replied
that waxing was not necessary. Eight companies recommended
occasfonal dry buffing with steel wool.

Obviously, vinyl tile floors should be maintained in a
manner similar to asphalt tile., The small expense of mafintenance
materfals may add years of life to a floor.

Nothing exists which will not in time, succumb to the
wear and tear of friction. The constant beating and scraping
of feet will eventually take toll on the vinyl surface (43).
Waxing provides a protective coating, adds to the appearance
of the floor and helps nullify the abrasfve action of frictfon.
Wax also retains surface soil and absorbs scuffs and mars which
can often be buffed out,.

Though solvent type waxes may be safely used on most

types of vinyl tile, the water emulsion waxes seem most suiftable

2kimball, C. S. Waxing vinyl floors. Reprinted from
Soap and Sanitary Chemicals. June, 1953,



(43). water emulsion waxes do not spread easily on a new vinyl
floor but after the floor has been {n use the application of

wax becomes less of a problem.

Information on vinyl floor maintenance is furnished in

a report Waxing Vinyl Floors, which may be secured from Chemical

Specfalties Manufacturers Association, Inc., 50 East 4lst Street,

New York 17, New York,
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Non-resilient Floors

Marble, tile, terrazzo and wood comprised the floors
of the Egyptian, Greek and Roman Empires and also the Middle
Ages; cement, as used today, and oxychloride for floors have
recefved universal acceptance more recently. These floors
all have two properties in common but in varying degrees:
all are wear resistant and lack resilfency. Their popular-
ity is due to qualities of permanence and resistance to wear

and abuse.
Concrete

Concrete construction was known to the Romans; cement
at that time was a materfal known as "puzzolan" cement. The
term concrete comes from the Latin word concretus, that
which is grown together,

Only since the invention of Portland Cement, first
patented in 1824 by Joseph Aspdin of Leeds, England, did
concrete as a basfc materfal of construction gain importance.
The name Portland Cement fndicated the similarity of hardened
cement and stone found on the Isle of Portland. Natural elements
were first combined for use in England about 1756, but large

scale manufacture did not tegin until invention of the rotary

kiln fn 1892 (14),

Manufacture and cost. Concrete is a compound of gravel,

broken rock or other aggregates, bound together ty means of

hydraulfc cement, coal tar, asphaltum or cther cementing
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materfalis. The aggregates are separated into coarse, dia=-
meter of particles more than i-inch, and fine, diameter of
particles less than &-tnch, aggregates. If only fine aggre-
gates are used the materfal is termed mortar.

When water is added to the cement and aggregates a
paste is formed due to the chemical reaction between the
cement and the water. Even the smoothest appearing concrete
floors have rough surfaces when examined microscopfcally and
all finished concrete floors contain a small amount of mater-
fal which can be dissolved in water.

There are two types of concrete floors, monolithic
and granolithic., The monolfthic types makes good structural
concrete, but the surface does not stand up well under severe
wear, The granolfthic type is differentiated from monolithic
by the following characteristics:

(1) The water-cement ratio in the mix.

(2) The method of removing the excess water once the
aggregate has been poured.

(3) Type of aggregate.
(4) The troweling operation.

(5) The curing process.

Although the initial cost may be as much as 30 percent
higher than monolithic, granolithic concrete produces a sur=-
face with greater densfty, strength, toughness and wear re-
sistance (31).

Concrete is the least expensive floor which can be

installed; asphalt tfle is the only floor covering which is
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comparable in terms of low inftial cost. The type of con-
Crete, reinforcement, depth of wearing finish and addition
of coloring pigments determine the cost of a concrete floor.
The pigments should be resistant to alkalis and should cone
form to the specifications of the Amerfcan Society for Test-
ing Materials or the Federal Government Specificatfons. A
wide range of color is obtainable through mineral coloring
pigments mixed with the concrete finish. From five to nine
pounds of pigment per sack of cement are required depending

upon the shade desired.

Installation. The Portland Cement Assocfation has

Iisted the following requirements for installation of a con=-

crete floor:

(1) Use only suitable materials.

(2) Use not more than 3} to 4 gallons of mixing
water per sack of cement when machine floating
is used and 4} to 5 gallons of water when float-
ing is done by hand. These amounts include water
used as surface moisture on the aggregates.

(3) Use mixtures and construction methods which
will not permit segregation resulting in free
water and fine materfal on the top surface.

(4) Prevent early evaporation of water by keeping
the concrete wet as long as practicable.

The wearing finish of concrete floors should never be
less than l=fnch thick, whether it is placed at the same
time as the structural slab or after the concrete in the
structural slab has hardened.

The chemical reactions which cause the cement to
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harden contfnue indefinitely if moisture Is present and tempera-
ture is favorable (33). Through this curing process the in=-
ternal structure of the concrete is built up to provide
strength, resistance to wear and water-tightness. Floor
finishes present such a large surface area that loss of mois=-
ture through evaporation takes place rapidly unless preventa-
tive measures are taken. Rapfid drying not only stops the '
chemical reactions, but may cause dust{ng and cracking of the
surface due to shrinkage taking place at a time when the con-
crete has Ilittle strength.

To prevent drying out, water fof curing should be
applied to the new concrete as soon as possible without marring
the surface. The concrete should remain wet or the moisture
retained by covering the floor with waterproof paper or a mem=
brane curfing compound. The longer the curing period can be
e xtended, the stronger, harder and more impervious will be
t he concrete. The curing period should be at least a week
for normal cement and 3 days for high early strength cement.
Special attention should be given areas near radiators or

other sources of heat to prevent evaporation during the cur-

ing period.

Utility. Few floors or floor coverings can withstand
the abuse and heavy punishment to which concrete is often
sub jected., The Eastman Kodak Company in Rochester, New York,
reported concrete floors in trucking rooms in excellent

condftfon after 25 years of wear; concrete floors of the



43

platforms in Grand ¥eomk Central Terminal in New York City
are still in use after 25 years (33).

Some of the advantages of concrete floors are:

(1) The fnftial cost is low.

(2) Concrete will withstand heavy usage,

(3) when properly sealed and waxed concrete is rela-
tively easy and economical to maintain.

(4) Hot water used in cleaning has little effect on
concrete.

(5) Resistance to indentation is good.

The following disadvantages should be considered:
(1) Concrete has minimal resiliency.
(2) Damaged areas cannot be easily replaced.

(3) Concrete will absorb some ofls and solvents even
after sealing.

(4) Highly alkaline salts used in cleaning may dam-
age the surface.

(5) Acids exert a solvent action.

Mainfenance. That concrete floors are indestructible

and immune to wear and abuse in a common fallacy. The dura-
bilfty of concrete floors depends upon the observance of
fundamental rules in making, placing, curing, finishing, and
maifntaining the concrete. ODusting, efflorescence, or bloom-
ifng may occur if these rules are violated.

Dusting occurs when a thin layer of soft, chalk mater=
fal appears on the surface. The abrasfon encountered in
ordinary wear may file away the high spots on the concrete

floor. These filings form a fine dust which rises from the
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floor and settles on everything in the room. This dusting
can usually be prevented by sealing. Dusting, crazing and
cracking may be caused by inadequate curing, over=troweling
the finish, by dusting on sand or cement, or by using cement
and sand mortar for the top coat without coarse aggregate
(6).

Efflorescence is a dried deposit of water soluble
salts. All concrete contains a small amount of water soluble
salts which are mainly sodfium sulphate, magnesium sulphate and
calcium sulphate. When the floor has contact with a source
outside the masonry material such as damp masonry walls this
mofsture may dissolve the soluble salts. These salts are slowly
carried to the surface and when drfed by the afr the deposit
{s called efflorescence or alkali fce. This deposit must be
removed with acid before sealing the floor since it makes
an unstable base for any sealer. If there is not too much
water pressure, the sealer may prevent evaporation and mois-
ture to the surface.

Blooming is a type of stain which appears on concrete
floors and may occur when there are too many impure salts
in the water or simply too much magnesium chloride in the
maynesite (6).‘ Sealing will help to prevent blooming.

After a concrete floor has cured and thoroughly drfed
the surface may be improved by applying some material to
assist in hardening and binding (33). Magnesium fluosilicate,
zinc fluosfilicate, sodium silicate, aluminum sulphate, zinc

sulphate, chinawood and lfinseed ofl and varfous gums, resins,
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and paraffins are used for this purpose, but will not correct
poor materfals or careless workmanship. Many manufacturers

of maintenance materials produce a special application for
sealing concrete floors; some maintenance men recommend paint-
fng.

The sodium silicate treatment for concrete floors has
proved satisfactory in residence halls at Michigan State Uni-
versity. Commercial sodium silicate in a 40 percent solution
known as water glass is viscous and requires thinning before
it will penetrate concrete. A good mixture combines 3 gallons
of water with | gallon of sodium silfcate. Two or three coats
are recommended and each coat should be thoroughly dry before
another is applied. Scrubbing machines will assist the penetra-
tion (33). The amount of solutfon required to treat a floor
will vary with the porosity of the concrete. Generally, |
gallon will provide one coat for 150 to 200 square feet of
floor surface.

Concrete floors may be painted in areas not sub ject
to heavy trucking or dragging. Ofl paints, rubber-base paints
and synthetic resin paints a}e avaflable. Three coats of
paint are advisable. The first coat should be very thin,
about equal parts of thinner and paint. Some thinner may be
used in the second coat and the third coat should be applied
as {t comes from the can,

Concrete should be thoroughly cleaned and dried before
it ts painted. The Portland Cement Association has recommended

that one of the two following procedures be used (33).
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(1) After the concrete has cured for several months,
neutralfze the surface with a solution of 2 to
3 pounds of zinc sulphate per gallon of water.
Allow 48 hours for this solutfon to react with
the concrete and to dry. Clean the surface with
water and let dry thoroughly before applying the
paint, '

(2) Recent laboratory tests indicated that a good

procedure was to apply a solution of 3 ounces

of zinc chloride and 5 ounces of ortho-phos~
phoric acid (85 per cent phosphoric acid) per
gallon of water to a cured floor. After this
solution has dried for 24 to 48 hours any dust

on the surface should be brushed off but the
surface should not be rewetted before applying
the paint., While laboratory tests gave excellent
results with this treatment, actual field appli-
cations at present have been limited.

After a concrete floor has been properly sealed or
sealed and painted the regular cleaning should be considered.
Since concrete is alkaline, harsh alkalis and soaps with a
high pH should not be used. Highly alkaline salts such as
trisodium phosphate or soda ash may precipfitate to form
érystals which may eventually crack the concrete (21). Syn-
thetic detergents may be preferred to soaps since they are
generally more free rinsing and some soaps may start a chem-
fcal reaction with the Iime in the concrete.

Maintenance people disagree on the advisability of
waxing concrete. The main complaint is slfipperiness which
can be overcome with a slip-resistant wax or synthetic.
Waxing improves the appearance of concrete and makes clean-
ing faster and easier by helping to hold the soil on the
surface.

The Joint Committee on Standard Specifications for



Concrete and Reinforced Concrete has prepared a table on the

resistance of concrete to chemfcal

attack, See Table 2.

EFFECT OF CERTAIN CHEMICALS ON CONCRETE

Substance

Effect on Concrete

Petroleum Ofls

Coal tar distillates

Inorganic acids

Organfic materfals:
Acetic acid

Oxalfc and dry carbonic acids

Carbonfc acid in water

Lactic and tannic acids

Vegetable ofls

Inorganic salts:
Sulphates of calcium,

magnesfum, potassium, aluminum,
fron, Chloride of sodium,
potassfum, calcium Chioride of

magnesf{um

Miscel laneous:
Mi Ik
Sflage juices
Sugar solution

None
None or very slightly
Disintegration

Slow distntegration
None

Slow attack

Slow attack

Slight attack

Active attack
None
Slight attack

Slow attack
Slow attack
Actfive attack

p—
D Sae—

e ——————

—————————————————————

Source of data: Encyclopedia Amerfcana, 7:473. 1957.

Concrete is impervious to certain organic salts and

fnorganic materfals, slowly attacked by other substances in

these classifications and disintegrated by fnorganic acids.

Hard Tile

Hard tile fncludes a group of clay tfles baked to a
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stone hardness., Tile floors first became popular in European
churches during the I2th century. 1In the I18th century the use
of plain, undecorated, square, red tiles, known as quarry tiles,
became common in Western Europe and later in America. By 1929
modern potteries all over the western world were producing

many varfeties of elaborate, decorative, floor tiles for homes

and public buildings.

Manufacture and cost, Tile is manufactured from a

mixture of clays, shales, feldspar, and flint which may be
obtained locally or from various areas of the worid. New
Jersey, Pennsylvanifa, Ohfo and Calffornfa produce much of
the vitrified floor tile in the United States (I16). Differ-
ing compositions of the ingredients, methods of mixing and
ways of firing account for the various types, colors and
surfaces of tile. In 1927 the Department of Commerce in
Washington fn conjunction with manufacturers, architects

and dealers established definite standards which cover the
manufacture, sfzes and grades of white glazed tile and unglazed
ceramic mosfac,

Tile is made in many different colors with both glazed
and unglazed surfaces. The decorative possibilities of color
effects and compositions are almost uniimited. In manufacture,
the Ingredients pass through grinding, mixing and refining
processes and are then formed into the desired shapes by
efther the plastic or the dust pressed method. In the plas-

tic method wet materfals are shaped on the moulds by hand.
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For the dust pressed method excess water is removed and the
materfals fn an ailmost dry state are pressed by machinery to

a solid mass.

Unglazed tfle, efther vitreous or semi-vitreous, is
produced fn one firing. The color depends upon the kind of
clay or the addition of oxides. Unglazed tile {s manufactured

in the following shapes and sizes:

Square I 1/16 tnches to 9 inches

Oblong I 1/16 by 7/32 inches to 9 by 4 1/2
inches

Octagonal 3 by 3 inches to 6 by 5 3/8 fnches

Hexagonal 4 1/2 by 2 1/8 tnches to 6 by 5 3/8
fnches

Triangular I 5/32 inches to 3 inches

Glazed tile is made of the same materfals and by the
same methods as unglazed tile but in two firings. The body,
called the bisque, is first formed and burned, then the
glaze is applied and the tile e fired a second time. The
glaze is a paste composed of feldspar, silfca, and color=-
fng metallic oxides which {8 spread upon the somewhat porous
bfsque. The second firing at a higher temperature meilts the
feldspar which fills the pores of the bisque and a continuous,
semi-transparent glaze results, By trade custom the term
glazed tile often refers to white tile and the term enamels
to the tile with a colored glaze, Glazed tile and enamels

are produced in the following shapes and sizes:

Square I/2 inch to € inches

Oblong 2 1/8 by | 1/16 inches to 9 by 6
fnches

Hexagonal 2 5/16 by 2 21/32 inches to 3 by 2

15/32 inches
Octagonal 3 inches



50

The most prominent floor tile is ceramic mosaic (6).
This is the familiar small tile, an inch or two on the side,
fully vitrified and usually unglazed. Ceramic is derived
from the Greek word keramas, meaning a vessel of baked clay,
and the term mosafc refers to the design in the tile. Quarry
tile {s made from natural clay, is usually unglazed and is
frequently sized In 4 or 6 fnch squares., Quarry tile is
commonly seen in shades of red in vestfbuies, hallways and
institutfonal kfitchens where the traffic is heavy, Pavers
are unglazed tile resembling ceramic mosaic but larger in
size. Faence tiles have highly colored glazes, a rugged
artistic appearance and are often used to emphasfize special
decor in a buflding.

Although the effort may be to produce tile of only
the best quality certain uncontrolliable variations may occur.
White glazed tile is graded as to degree of perfection into
Selected, Standard, and Commercial grades. Other tile is
divided into two grades, Selected and Commercial., The Stand-
ard grade is used for general classes of work, the Selected
grade for the finest class and the Commerical grade where
sanitatfion and service are more important than appearance
(17).

The inftfal cost of hard tile depends upon several
factors:

(1) Grade, color, and size of tile.

(2) Decorative effect and the amount of labor re-
quired for installation,

(3) Local labor rates.
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In most areas of this country, hard tile floors are high {n
fnitial cost. Marble is the most expensive non-resilient
floor; tile and terrazzo of the various grades and designs

frequently overlap in a cost comparison,

Instal lation, Regardless of the subfloor upon which

hard tfles are to be installed, a concrete fill is necessary.
This fill may also serve as the grout between tiles and become
an fntegral part of the fioor. The grout, which consists of
Portland Cement, hydrated |ime and sand, serves both a utili-
tarian and artistic purpose. It holds the tile in place,
prevents the penetratfion of dirt and moisture between the
tiles and helps control expansion and contraction (43). From
an artistic standpoint the grout emphasizes the beauty of the
tile, breaking the monotony of a one color expanse and dfs-
tinguishing the separation of different colors.

After installation the tile is cleaned with a diluted

acid to remove grouting from the surface,

Utility. Hard tile Is particularly adapted to the
exacting demands of an fnstfitutional floor:
(1) Economical to maintain,

(2) Attractfve and long wearing when properly main-
tained.

(3) Avaflabiifty of large variety of colors, shapes,
sizes and decorative effects.

(4) Easy replacement of damaged areas,
(5) Not eastly damaged by acids, alkalis or hot water.
(6) Not susceptible to indentation.
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Certain disadvantages may preclude the use of tile:
(1) High initial cost.

(2) Susceptibility of grout to acid and alkaline
damage,

(3) Glazed tile in kitchen areas may become greasy
and very slippery.

(4) Tile tn dishwashing rooms may crack and break
from dropped silverware and dishes,

(5) Tile floors have Ifttle resiiiency and may be
nofisy from traffic,

Majntenance, Little informatfon is avafliable on the

maintenance of hard tile floors. Tile and grouting require
proper care to look attractive and provide long service lfife.
There is a slight difference in the maintenance of

glazed and unglazed tile.

(1) Unglazed tile., Some authorities (43) recommend
sealing and waxing unglazed tile, Any soap,
detergent or powder used in cleanfng must be
one which will not disintegrate the grouting. .
In general, anything which {8 not recommended :
for concrete, should not be used on hard tile.
Although many acids and alkalis will not harm
the tile they may deterforate the grout.

(2) Glazed tile. Synthetic detergents may prove
superlor to soaps since they tend to rinse
better and leave less residue (44), Glazed
tile does not take a seal or wax readily.
Authorities differ on whether or not to wax
or seal glazed tile; many recommend waxing
but not sealing., Coarse steel wool and harsh
abragsive cleaners should never be used on
glazed tile since they may scratch the sur=
face finish, :

Marble

Ancient peoples made their finest bufldings of either
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granite or marble; the Egyptians used granite while the
Greeks and Romans found marble more suited to their needs.
The temples and arcades at Athens and Corinth and the Forum
Romanum stand as monuments to marble and to the genfus of the
Greek and Roman Empires.

Marble i1s any |imestone hard enough to take polish and
is principally calcium carbonate in crystalline form, Most
marble contains crystalis of calcite or dolomite which are
white when pure; the finest white stone is called statuary
marble.

Black, gray, pink, red, green and many kinds of mottied
and banded marbles are avaflable. The beautiful colors are
due to impurities or stafning matter mixed with the calcite
or dolomfte crystals; serpentine marbles are green and yellow=
fsh=green silfcates; fossiliferous are |imestones full of
fossi| shells and on polished surfaces of such marblies the

cross sections of the shells may be seen through the rock.

Manufacture and Cost. The fabricator of marble fs
mother nature, who has changed or metamorphosed | imestone
through the actfon of heat and pressure far below the earth's
surface over a perfod of centuries.

Shells or frregular grains of calcium carbonate in
crystalliine form constitute ordinary |imestone, In marble
the crystals have been ground firmly together and metamorphosis
has made the gtone more uniform in hardness and grain, freed

ft from small cavities and pores and produced a texture
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sufficiently close to permit polishing, Marble may vary
fn porosity from % to over |3 percent and some types are
ten times stronger than others (6).

The most famous quarries are in the Apuan Alps, an
off shoot of the Apennines, and the stone is largely worked
fn the neighborhood of Carrara. Stone from these quarries
was employed in Rome for architectural purposes in the time
of Ausustine (63 B.C, = A.D. 14), The finest varieties,
adapted to the needs of the sculptor, were discovered later
and made famous by Michelangelo and Leonardo da Vinci in the
fifteenth century.

Marble is generally the most expensive floor which
can be installed. Certain grades and varfeties of mosaic
tile and terrazzo may be more expensive than some of the
cheaper grades of marble. Marble 18 often installed when the
initial cost 18 not the determining factor in the selection
of a floor, but rather long Iife and beauty. Fancy, imported
marbles are the most expensive. Other factors which deter-
mine the cost are color, sfize, grade, and depth of the tile

or slab,

Installation. Unlike some other floors, marble re-
quires specfal processes fn installation, The cement bed
which receives the marble should consist of one part Port-
land Cement to not more than three to five parts of sand, mixed
quite dry for tamping and should be spread over the rough ffll

(27). Grout, commonly used to separate other hard tiles,
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providing for expansion and contraction as well as decorative
effect, is not normally used in laying marble floors since
marble has less tendency to expand or contract from changing
temperatures., The tiles are set closely together and the
edges between the tiles may be coated with a |Iftharge and
glycerine mixture.

Marble s not adaptable for installation over wood
floors but only over a concrete or cinder fill. The Marble
Institute (27) has recommended that marble steps be laid on
metal frames imbedded in cement mortar. Plaster of Paris,
Portiand Cement and non=staining white Portiand Cement are
standard setting materfals for all marbie floors.

Marble is adapted to a high polish which is called a
"honed" finish, This highly polished finish is not siip
resistant and 18 also subject to abrasion. The coarser finished
marbles are known as "sand and grit" finish and "saddles". To
decrease the slip hazard, non-slip inserts and nosings are
somet imes used on stair treads and ramps.

Marble tiles are about 7/8 fnch and are supplfed in
standard sizes of 8 by 16 inches, |2 by 12 inches, and 10 by

20 inches, Larger sfzes are considered slabs rather than tiles.

Utility. The long wearing qualities and attractiveness
of marble can be substantiated by many of the buildings of the
Roman Empire fn existence today. The utilization of marble in
a building ranges from the exterfor facade to the interfor walis,

columns, staircases and floors. Floors present the greatest
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maintenance problem, For the institutfonal floor marble
has many distinct advantages:
(1) Avaflability fn many attractive colors and designs.

(2) Easy to keep clean and attractive when properly
sealed.

(3) Low maintenance cost.

(4) Excellent wear resfistant qualities.
(5) Good resistance to indentation,

(6) Seldom damaged by hot water.

(7) High load Iimit per square inch,

Marble floors have certain disadvantages:
(1) High initial cost,
(2) Solvent action exerted by acids,

(3) Difficult removal of ofl, fron and acid stains
if they have penetrated the marble.

(4) Difficult replacement of damaged areas,

Maintenance, Marble has too often been consfdered in-

destructible and the maintenance has consequently been neg-
lected. The closely integrated surface offer littlie refuge
for dirt and sofl and {f the design is varfegated it also
serves to camouflage small litter and minor stains. How~
ever, negligence will eventually become obvious in stains,
abrasion marks and even cracks,
To keep marble in good condition a regular maintenance

procedure is necessary. Strong alkaline solutions have a

tendency to penetrate the marble and, upon drying, expand
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and break the minute cell walls, causing a surface disinte=-
gration, Daily maintenance with a good neutral soap or de=-
tergent s usually suffficlent, To prevent stains, acids,
rust and ofls from penetrating marble s much easfer than to
remove them, If a floor has been neglected, it may have to
be scrubbed with a mild abrasive powder. While the Marble
Institute does not recommend or cautfon agafinst seals and
waxes, many mafintenance people are using them successfully.
The maintenance man who seals and waxes a marble floor should
check that the floor does not become too slippery; seals and
waxes are avallable which have anti-glip properities. A
well sealed, properily waied floor is easfier to clean because
the sofl is kept on the surface.

The Marble Institute (27) has published a pamphlet,

How to Keep Your Martle Lovely which contains a Iist of clean=

ing materfals recommended. Brenn (6) has suggested that any-
one who has marble to maintain should become familiar with

A Study of Problems Relating to the Mafintenance of Interior

Marble by D, W. Kessler, Technologfc Papers of the Bureau of

Standards, No. 350.
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Oxychloride

Oxychloride, one of the least publficized types of
flooring, §Is also known as magnesite, but that term is seldom
used by industry today. About 50 million square feet of
oxychloride flooring are installed each year; a high per=-
centage of the total production is purchased by the Federal

Government,

Manufacture and cost., Oxychlorice flooring is composed

principally of magnesium chlorice and magnesium oxfide which
react chemically to form a product having unusual cementing
properties.

The materials for an oxychloride floor are supplied on
the job in two parts. One part consists of flake magnesium
chloride; the other part is a dry mix of magnesia and the re-
quired fillers, aggregates, plasticizers and color pigments,.
All of these ingredients are properly proportioned and thoroughly
machine mixed by the manufacturer. The installer dissolves the
magnesfum chloride in the required volume of water to yleld a
solution of the proper density. The dry mix fs placed in the
mortar box or machine mixer and gauged with sufficfent volume
of the chloride solution to yield a workable plastic mix, Al-
most any color may be obtafined sfince the color pigments are
simply combined with the mix,

Oxychloride flooring is avafilable in a varfety of
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mixtures from a dense, strong, hard floor of mineral aggre-
gates to a more resilient type through the incorporatfon of
such fibrous aggregates as wood flour and sawdust. Terrazzo-
like floors can be produced by the addfition of marble chips
to the oxychloride cement which replaces the Fortland Cement
matrix used in the constructfon of conventional terrazzo
floors. The surface of these floors must be ground down,

A finfshed oxychloride floor resembtles very smooth
concrete, though the color pigments may give it the appearance
of battleship Ifinoleum; or it may have the appearance of
terrazzo if marble chips have teen fncorporated in the matrix.

The cost of fnstalled oxychlorfde will depend upon the
aggregates used in the mix., In general, oxychloride floors
are more expensive than concrete but less expensive than
terrazzo. They may be cheaper or more expensive than some
hardwood floors depending upon the aggregate used in the

oxychloride and the wood floor with which they are compared.

Installation., uUntil the Oxychloride Cement Associa-

tion was organized in 1943, no generally accepted set of
specifications was available for the laying of these floors
(8). A wide varfety in qualfty of oxychloride floors re-
sulted from poorly standardized methods of installation.
Today, reputable flooring contractors follow the specifica-
tions approved by the Assocfation,

The subfloor should be smooth and level to prevent
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humps and frregularities on the finished floor, since rough
or uneven places are susceptible to damage through wear.

The coatings of oxychloride floors run from |/2=inch to 5/8-
fnch fn thickness.

The subfloor base for the plastic oxychlorfide mix may
be any type: concrete, stone, brick, ceramic tile, steel
and even wood. If oxychloride is applfed over a wood sub=-
floor, best results are obtained by first covering the wood
with asphalt saturated felt. A metal anchoring medium should
be nafled over the felt at 6-inch intervals (8). This metal
anchor may be a heavy wire mesh over which the plastic mix is
poured and thoroughly worked into all openings and recesses.
when the installation mix is brought to the proper level it
fs then soft-troweled and from four to six hours later gfiven
a final hard trowelling to produce a hard, dense, smooth and
polished surface.

If the oxychloride coat is applied over an old concrete
floor, the entire surface of the floor must be roughened by
sandblasting, tooth-chiseling or picking. The roughening
will provide the necessary mechanical and chemfcal bond bg-
tween the concrete subfloor and the oxychloride coating.

When the oxychloride floor is installed over a new
concrete floor the surface of the new concrete should not
be troweled in finishing. Just before the final set the

concrete should be "broomed" in one direction to produce a
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finish resembling tapestry brick. The new concrete subfloor
should be allowed to age for about 30 days before the oxy-
chloride mix is applied.

Hard subfloors such as stone or ceramic tile require
sandblasting or tooth-chiseling to roughen the surface. Since
satisfactory roughness for good bondage may be difficult to
secure, a latex or plastic base bonding medfum is sometimes

used for this purpose.

Utilfty. Oxychloride floors are frequentiy finstalled
in hallways and lobbfes. The advantages follow:

(1) Lighter and more resilient than concrete floors.

(2) Highestrength to low-weight ratio.

(3) Wwearing hardness comparable to granite,

(4) Monolithic form of installation (one complete
slab) possible.

(5) Medium to low initial cost,

Oxychloride floors have certain disadvantages:
(1) Sealing is necessary.

(2) Mafntenance s difficult.

(3) water, alkalis and acids may cause damage,

(4) Damaged areas are not easy to repair.

Maintenance. A newly installed oxychloride floor

should be thoroughly cleaned after the final set but should
not be scrubbed or flooded with water for two weeks after

completion (8).
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A good penetrating sealer should be applied after the
floor is thoroughly dry. Since an oxychloride floor is fairly
absorbent, the sealing is essential and enough sealer must
be applied to adequately fill the floor without leaving an
excess on the surface.

In cleaning an oxychloride floor a good neutral soap
or synthetfc detergent fs advisable; strong alkaline and acid
cleaners must be avoided. The Oxychloride Cement Assocfation
recommends that water be left on the floor only long enough
to loosen the sofl and should not be allowed to dry on the
floor. Oxychloride floors may be scrubbed with a scrubbing
machine.

The waxing of oxychloride floors is recommended by
the Assocfatfon, Efther solvent or water emulsion waxes may
be applied depending upon the aggregate used in the cement.
An ofl=-type dressing of equal parts of turpentine and china-
wood (tung) oil is sometimes used in place of wax.

In summary, these precautfons should be observed in
the maintenance of oxychloride floors:

(1) Avoid acids and alkalis. Lye, sal soda, tri-
sodium phosphate or soda ash may damage the
floor.

In most cases the filler of these floors is
readily attacked by strong acids and alkalis.
The floor must be cleaned with a soap or de-
tergent which will not harm any vulnerable

filler such as cork or wood.

(2) Seal to prevent blooming. Oxychloride may
bloom ff fncorrectly formulated or finstalled.



63

(3) Use water with care. Oxychlorlide floors are
undesirable for high moisture installations,
If water i{s permitted to remain on the sur-
face the filler may rot. Moisture also attacks
and deterforates magnesium oxychloride binder.

Terrazzo

The origin of terrazzo dates to the enterprising
Venetfans of the sixteenth century who mixed odd chunks of
marble in cement to floor their terraces; hence the name
"terrazzo" (30).

After much experimenting the [talians discovered that
if they crushed marble, mixed the small chips and poured tne
marble-cement mixture into place, the surface was more uniform.
Eventually they learned that if this mixture was rubbed down
with a wet cement grout to ease the friction, the color iIn
the marble chips could be intensified. After pushing a rubbing
stone, known as a "gallera”, back and forth across the floor
for a good many hours a beautf{fully colored surface was pro-
duced.

Many improvements were made fn the finish of terrazzo
subsequent to its introduction in America. One of the first
was the use of metal divider strips which allowed such intri-
cate work as monograms, pictures and maps to be fncorporated
fnto the floor. These brass and zinc alloy strips contri-
buted to strength and endurance by taking care of expansion

and contraction and by helping to prevent cracks. Rubber
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and plastic materfals have also provided effective divider
strips for terrazzo installatfons. A second development,
the electric grinding machine, made it easier to polish the
terrazzo finish, shortened the time of installation and en-
hanced color qualfties. Treatment of the top surface of
terrazzo with white cement and the advent of mineral color
pigments introduced an almost Iimitiess color selection and
provided a further refinement for terrazzo floors,

These technical improvements in the installation of
terrazzo have been finstrumental in the development of one of

the truly beautiful floors of the twentieth century.

Manufacture and Cost., Terrazzo floors consist of a

mixture of 70 per cent marble chip aggregate imbedded in 30
per cent Portland cement.

The coarse aggregate is waste marble or granite chips
which have been run through a crusher and over screens for a
minimum 2-inch sizeé grading. Although ornate patterns may
be worked into the terrazzo, many floors carry no definfte
desfign but display an expanse of frregular, varf-colored
marble chips In close proximity to each other in the cement.

The cost of terrazzo flooring is cdnsldered med f um-
high and may vary considerably in cost per square foot in-
stalled according to the grade and amount of the marble,
coloring pigments added, intricacy of design and amount of

finishing,
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Installation. Terrazzo floors may be installed over

concrete construction by one of two methods: bond the terrazzo
to the structural slab or separate the two components,

For the first method a concrete fill of cement, sand
and crushed stone or gravel in the proportion of 1:2:4 pro=-
vide the underbed which should be at least | 3/4 inches below
the finished floor. Before the terrazzo is installed the
surface of the concréte should be thoroughly cleaned of all
debris and slushed with neat cement grout to ensure a good
bond.

The second procedure is advisable In‘bulldlngs where
cracking is anticipated efither from settlement, expansion
and contractfon, or vibration, and this method requires a
total thickness of at least 3 inches above the structural
slab. The concrete slabs are covered with a thin bed of dry
sand over which a sheet of Kraft or tar paper is lafd before
the underbed fs fnstalled. Consequentliy, the cracks origi=
nating in the structural slab terminate at the sand bed and
are less likely to appear on the finished surface.

The installation of terrazzo over wood floors requires
the following procedure:

(1) Cover the wood floor with tar paper.

(2) Place a reinforcing wire fabric lapped four
fnches over this paper,

(3) Lay the concrete underbed as in method two.

(4) Pour the terrazzo topping to a minimum 2-inch
thickness.
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The Natfonal Terrazzo and Mgsatc Assocfation (30) has
compiled detafled specifications and has stated certain pre-
cautfons for the installation of terrazzo:

(1) The terrazzo topping must be at least 5/8=inch
thick.

(2) Composition for the terrazzo should be two parts
of marble granite to one part of Gray or White
torttand cement, mixed dry.

(3) The finished surface should show a minimum of
70 per cent marble granite.

(4) The metal dividing strips should be at least
| 1/4-inch deep and be anchored.

(5) The floor should be kept moist for at least
six days by sand, paper, or curing mats.

(6) when the floors have set sufficiently they
should be machine rubbed with a #24 abrasive
followed by a #80 abrasive.
(7) After 72 hours the grouting should be ground
off with a #80 grit. Subsequently, the terrazzo
must be cleaned, thoroughly treated and sealed,
Utility. Terrazzo has the strength and economy of
concrete and the durability of marble. For areas which re=-
cefve heavy traffic such as corridors, terrazzo is one of
the best floors which can be installed. Consfiderfng service
life and maintenance, the cost is low. Terrazzo is not recom-
mended for floors under soup kettles In kitchens or for areas
which are sub jected to acids or strong alkaline concentrations.

Terrazzo floors have a number of advantages:

(1) Innumerable colors and designs,
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Long Iife Iin any area not sub jected to strong
alkalfne or acid.

Economfcal in terms of maintenance cost and
service life.

Smooth, easily cleaned surface.
Fairly non-absorbent to soi! when properly sealed.
Resistant to indentation.

disadvantages are:

Medfum high to high infitial cost.

Sealfng is necessary.

Damaged areas cannot be easily replaced.
Strong acfds or alkalis may damage terrazzo.

Of! and grease spots are difffcult to remove.

Mafntenance. For the maintenance of terrazzo, the

National Terrazzo and Mosaic Association (30) has made a

serles of recommendations:

(1)

(2)

(3)

The physical characteristics of the floor must
be kept in mind in selecting the methods and
materfals to maintafn ft. Since terrazzo is
usually 70 per cent or more marble and 30

per cent or less neat Portiand Cement, the
materfals and methods must be suited to mar=-
ble and concrete.

Suftable materfals for treating and cleaning
terrazzo floors will fill the original pores

or have fittlie effect on them, Harmful materfals
(such as trisodium phosphate or soda ash) will
increase the number and enlarge the sfize of the
pores.

Terrazzo is benefited by a penetrating sealer
which prolongs hydration of the cement to pro-
vide color density and longer |fife on new
terrazzo. On old terrazzo ft will reduce the
penetratfon of water, stains and grime.
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(4) New terrazzo, when not given a specfal treatment,
often has a dull, gray appearance. This is
caused by a deposit of efflorescent mineral salts
which are a by=-product of the setting and curing
of the Portland Cement., This chemical action
continues at a decelerating rate over a period
of months, unless the terrazzo floors are sealed.

(5) The cleansing agents used on terrazzo should not
contain strong alkalis, acids or metallic salts,
The floor must be rinsed thoroughly after each
scrubbing to remove any harmful residue.

(6) Natural terrazzo has frictional resistance in
excess of the slip resistance minimum coefficient
of .50 established by the Underwriters Labora=-
tories. Slipperiness of terrazzo fs due to wax,
soap.and ofl., A resfdual of cleaning materfals
is also a common cause of slipperiness.

(7) Low cost maintenance fs an outstanding feature
of terrazzo. The Assocfation warns against using
cheap, unsuitable cleaning materfals and especially
against soaps and scrubbing powders which contain
water soluble fnorganic salts or crystallfzing

salts. These salts can crystallize out and cause
cracking and pitting of the terrazzo.

Wood

Wood floor finstallations in commercfal establishments
and fnstfitutions are primarfly hardwood. The common hard
wood floorings are oak, maple, beech, birch and pecan. Oak,
the most plentiful, constitutes the highest percentage of
wood flcoring in the United States.

Oak. Twenty varieties of oak are processed into

flooring. Except for grouping nine of them as white

oak and eleven as red oak, no attempt has been made

to classify them fn commercfal practice (29). In
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quality and utility trere fs lfttle difference between
the two groups. To the untrained eye the difference
between white and red oak lumber is not readily
apparent. The experienced lumber man will note,
however, that although both groups are lfght in color,
white oak has a brownish tinge. Red oak fs character-
fzed by a pink cast which usually turns reddish brown
after application of finish,

The beauty of oak is due to two important
characteristics of its cellular construction., First,
it is one of the few heavy hardwoods that are ring-
porous. The springwood of crowth each year is com-
prised of larger and more prominent pores than the
summerwood and this contrast produces the attractive
figure conspicuous in plain-sawed ocak. Secondly,
oak fs marked by strips of cells extending radfally
in the tree. Known as wood rays, these cells appear
as flaky figures when the wood is quarter-sawed.
Singular fn its possession of these more or less promi=-
nent wood rays, oak s the only popular flooring hard-
wood that is quarter-sawed.

Maple. Next in order of popularity among the flooring
hardwoods s hard maple (29). The two species in

this classification, sugar maple and black maple, are
exceptionally hard and strong and have great resis=-

tance to abrasion. Although lacking the striking
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beauty of oak, maple takes an excellent finish and is
used rather extensively where extremely heavy wear f{s
encountered.

Since it has no prominent springwood pores,
maple is designated as a diffuse-porous wood. The
pores are very small and evenly distributed; the wood
is close-grained, the heartwood fs lIfight reddish brown;
and sapwood is white with a slight brownish tinge,.
However, the contrast in color between the hardwood
and sapwood is not as pronounced as fs oak. Varying
natural colors of the wood are permitted even in the
higher grades although a special grade provides for
clean white stock.,
Beech. Only one species of beech is produced in this
country (29). In texture, strength, hardness, abrasive
resistance and color beech closely resemblies birch,
The prominent wood rays are not suffifcfently attractive
in figure to warrant production of quarter-sawed stock.
Birch., Of the dozen or more species of birch grown
in the United States two are utilized for flooring
(29). These are yellow birch which {8 abundant and
widely used and sweet birch. Like maple and beech,
birch is a diffuse-porous wood of fine, uniform tex-
ture. Hard, heavy and strong, birch possesses con=-

siderable abrasfve resistance., The two species vary
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only slightly; both have heartwood of reddish brown
and sapwood of much lighter color. Certafn color
variations occur frequently, but these are not con-
sidered in grading. Special grades, however, are
manufactured from all red-faced stock.

Pecan. The hardest of all hardwoods is pecan, which
belongs to the hickory family. It is close=grained,
extremely durable, and has fine or invisible wood
rays. The heartwood is darker than that of most
woods ordinarfly used for flooring (29).

Other Species. Because of scarcity and consequent

high cost, the other species occasfonally used for
flooring, walnut, cherry, ash, hickory, and East
Indian teak, are relatively unimportant. Extremely
hard and durable, most of these specfies have grain
patterns which result in strikingly beautiful floors

and they are usually processed into parquetry.

Manufacture and Cost. Lumber processing areas in the

United States are located near the source of the raw materifal.
The Pacific Northwest is a leading lumber producing area;
Tennessee s another large producer of hardwood (13).

All large mills are integrated in that they perform
both the sawing and planing operations. The sawmills are
usually built near a river or some other body of water so
that adequate storage space s available for large log

fnventories.
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The logs are hauled from storage to the sawing floor
by means of specfalized handling equipment, sawed to proper
length, thrown onto the log deck, and from there to an ad-
justable log carriage. The sawing process is a progressive
operation and the orfginal log may go through as many as a
dozen sawing, cutting, and trimming operations, before {t
finally emerges in specififed size and shape. After sawing,
the lumber is conveyed to the sorting and grading table and
from there transported to drying piles or the kiiln,

Regardless of the processes used in cutting and finfshe
ing, the timber must have proper seasoning and drying. This
fmportant procedure tends to decrease shrinkage after in-
stallation, increase resistance to decay, reduce weight and
improve strength and mechanical properties (18). The two
common methods of wood drying are air and kiln, Afr drying
fs cheaper but takes a great deal of time and storage space
and may result in a loss due to checking and warping of the
woods. Kiln drying, a controlled procedure which assumes
more unfform results, may employ warm moist air or super-
heated steam, The length of time varies from a few days to
several months; the longer drying period produces better
wood for floors.

Certain classes of building lumbér go to lumber pro-
ducts manufacturers for further conversion to flooring.

Most hardwood flooring in the Unfted States {s manufactured
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by specialized mills which are equipped to produce flooring
of different styles or types, with the result that a type of
hardwood flooring can be obtained to harmonize with any style
of architecture or furnishings. B8roadly, these types are
classified as strip, plank, and pattern or parquet flooring.
A fourth type known as block flooring is sometimes given a
separate classification, although strictly speaking it is a
form of parquetry.

Strip flooring. As the name implies, this type con-

sists of flooring pleces cut in narrow strips of vary=-
ing thlckhesses. Most floors of this type are composed
of strips of uniform widths. Interesting patterns are
formed from stock selected for varfations in color

or other natural irregularfties; attractive desfgns
also may be achfeved by using strips of random widths.
Most hardwood strip flooring is tongued and grooved

at the factory, so that each piece joins its neighbor
snugly when laid; square-edge strips are also avall-
able,

Strip flooring of ocak, maple, beech, birch and
pecan is manufactured in a variety of sizes, ranging
in width from | inch to 3} fnches and in thickness
from 5/16 fnch to 3 3/32 inches. Length of strips
in a bundle of flooring varies, but average lengths
are speciffed in each grade. Some strips may be as

long as 16 feet.
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Ptank flooring. One of the oldest types of hardwood

floors, plank flooring dates to the handcraft era

and was widely used in medieval Europe. This floor-

fng was also popular fn American colonfal homes and
recently the demand for it nas been increasing for
homes, clubs and other buiidings where an atmosphere

of rugged informalfity is desired. Colonial plank
flooring derfved much of its charm from rough effects
and fnteresting irregularities which were unintentional,
This charm s retained in modern plank flooring even
though the product is now precision made.

Plank floors are random width pieces tongued and
grooved, with square or matched ends. Frequently, the
edges of planks are beveled to reproduce the effect
of the large cracks which characterized early hand-
hewn plank floors., The wood pegs ty which the old
plank floors were fastened are simulated by means of
wood plugs glued to holes on top of the countersunk
screws which actually fasten the planks to the sub-
floor.

Solid planks generally are processed in 25/32-
inch thickness for tongue and groove flooring and
5/16=inch thickness for square edge flooring. Widths
range from 3 to 9 inches in multiples of I. Minimum
length for certain types is 2 feet, for others 3

feet.
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Pattern or Parquet Flooring. Pattern floors, known

as parquet and desfign floors, appeared as early as

the l4th century in Europe and represent the most
elaborate and expensive type of hardwood flooring.
Early pattern floors presented bizarre effects which
would be incompatible with present architectural styles.
Today parquetry assumes geometric patterns such as
squares, rectangles and herringbone in almost infinfte
variety. Literally hundreds of designs are avaflable
which may feature variations of species or of shades
of the same specfes. Most parquet flooring is oak,
although ft also is produced in maple, beech, walnut
mahogany, East Indfan teak and ebonized wood. The
latter consists of dyed white maple or holly.

Parquetry is manufactured in short lengths of
individual pieces. Each pfece must be cut to exact
dimensfons to match perfectly the dimensions of an-
other piece, or muitiples thereof. Customarily
tongued and grooved and end-matched, the pieces are
lajd separately, efther by naflfng or setting in
mastic,

Parquetry is manufactured principally in 25/32-
inch thickness. Most common face width for each pfece
is 2 1/4 inches, but widths of I |I/2, 2 and 3 inches
can be obtained by special order. Standard lengths

are fn multiples of face width.
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Block flooring. Block flooring, a form of parquetry,

differs from conventional parquetry fn that the pfeces

are assembled into square or rectangular blocks at the

factory. They are held together by varfous means on

the back, sides or ends. These prefabricated blocks

are lald as units, efther in mastic or by nafling.
Prefabricated blocks are made in thicknesses of

I/2 inch, 25/32 inch and 33/32 inches. Customary

strip widths are | 1/2, 2,2 I/4, 3 1/4 and 4 inches.

All thicknesses are not produced in every width,

Dimensfons for the completed blocks, of course, are

fn multiples of the strip widths.

Many complex and inter-related factors affect the in-

stalled cost of a wood floor.
(1) Tnhe grade, pattern, size, and type of wood.

(2) The area of the country in which the floor is
instal led.

(3) Local labor rates.

(4) Subfloor on which the wood is laid.

In general, hardwood floors rank relatively low in
fnitial cost of non-resilient floors. Oak is the cheapest
followed by birch, beech, and maple. There is, however,
overlapping In price between varfous grades of the different

varieties of wood.

Instaliation. Building experts are unanimous in
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agreeing that in conventional joist construction sound sub-
flooring beneath the finish flooring is essentfal. Ordinarily
nafled directly to floor joists, subfloors are so necessary

to good construction that most modern building codes specify
them, Their ommission usually i8 poor economy, even though
the finish floor §s of strong, durable wood.

Subflooring serves several important purposes. It
lends bracing strength to the bullding and provides a solid
base for the finish floor, practically eliminating the possi-
bility of floor sag and squeaks. By acting as a barrfer to
cold and dampness, subflooring helps keep the buflding warmer
and drier in winter and provides a safe surface during
erection of the buflding.

If strip flooring fs to be used, flooring should con-
sist of good qualfty wood boards about | inch thick and not
more than 6 inches wide. Wider boards are sub ject to ex-
cessive expansion and contractfon. The boards should be
spaced about one-fourth inch apart, and face-nafled solfdly
at every bearing point with two I0-penny nafls. Inadequate
nafling may result in squeaky floors. In order to provide
maximum support, all butt joints of the boards should rest
on joists.

Square edge boards are preferred to tongued and grooved
boards because the snug joining effected by the latter is un-
desirable in subflooring. Boards should be kiln dried or
thoroughly air dried. The use of green subfloor boards fre-

quently causes squeaks.
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The subflooring should be laid diagonally. This
arrangement not only adds bracing strength to the building,
but permits the finish strip flooring to be laid in any
direction. Should the building be of two or more stories,
the subfloor boards should run in opposite diagonal direc=-
tions on alternate floors.

Before installatfon of the finish flooring is to be=-
gin, the subfloors should be examined carefully and any de=-
fects corrected. Raised nails, for instance, should be
driven down and loose or warped boards replaced. The sub-
floors should be swept thoroughly or scraped if necessary
to remove all plaster, mortar, or other foreign materials.
These precautions must be observed if the finish flooring is
to be laid properly.

The last operation tefore actual installation of the
wood finish flooring should be the applicatfon of a good
quality asphalt coated building paper over the subflooring.
This will protect the finish floor and the interfor of the
building from dust, cold and moisture which might seep through
the floor seams. Strip flooring presents the most attractfve
appearance when laid lengthwise of the longest dimension.

Adequate nafling §is absolutely essentfal in the finish
floor as well as the subfloor. The baseboard is installed
with the lower edge slightly above the finish floor. Shoe
moulding should be nailed to the baseboard after the entire

floor has been laid.
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The Natfonal Oak Flooring Manufacturers' Associatfon

(29) and the Maple Flooring Manufacturers' Association (26)

list directives for the installation of a wood floor.

(1)

(2)

(3)

(&)

(5)

More

The building in which wood flooring is to be
laid should be heated for 10 days to at least
700F., The flooring should be loosely piled

in the buflding for several days to acclimate
ft to the moisture conditions in the building.

Provision for an expansion joint (the width
depending on size of floor area) is a safe-
guard acafnst buckling. Ory flooring laid

in a damp building will swell and may cause
cupping or btuckling.

Do not lay flooring until plastering and ce-
ment work are thoroughly dried and woodwork
and trim are installed. All plumbing, eles-
tric¢al wiring, plastering and painting should
be completed before the finish floor {s begun.
The laying and finishing of hardwood floors
should be the last operatfon in building
construction,

Do not close the windows; opening a window
at the top aids in driving out moisture
through afr circulation,

Do not under any circumstances lay the flooring
tight against studding or walls,

detailed iInformation on the fnstallation of wood

floors can be obtained from these Assocfatfions.

Utilfty. A properly installed and maintained hard-

wood floor has well known advantages:

(1)

(2)

Structural strength, Certain species have been

known to support weights of 5,000 pounds per
square fnch,

Durability. Properly installed and maintained

hardwood should last many years in certain
areas of a buifldinc.



(3)

(4)

(5)

(6)

EC

Comfort. All of the hardwoods possess consider-

able insulating value. They are easfer to walk

or work -on than other non-resilient floors.

Attractiveness. The natural varifations in the

wood form an attractive flooring design.

Capacity for being restored. Good hardwood

floors can usually be sanded and refinished to
obtafin a new surface.

Avaflability., Most of the hardwoods are avaflable

in a varfety of sizes and sahpes. Oak grows iIn
greater abundance than any other hardwood, con=-
sequently, it is produced in greatest volume,
and normally is readily available.

Certain disadvantages of wood for institutional floors

are also known:

(1)
(2)
(3)
(4)

(6)

(7)

Installation requires an expert.
Wood floors require sanding and sealing.
Highly alkaline cleaners can damage the wood.

Excessive use of water on wood floors can cause
swelling, warping and bucklinc,.

Open grain woods such as oak require a filler

‘in addition to sanding, sealing and waxing.

The maintenance of wood floors in areas such
as dining rooms and kfitchens may be expensive.

Well sealed wood floors are not entirely resistant
to solvents, greases and acids.

Maintenance. The ideal hardwood floor finish should

be attractive, durable, easy to maintain and should have the

capacity for being retouched without revealing a patched

appearance.

The finish applfied to the flooring should be

transparent to accentuate the natural beauty of the wood.
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The three principal types of finfshes are: floor seal,
varnish and shellac. Lacquer is applied occasionally but the
most popular finfsh for institutions is the floor seal. Two
types of floor sealers are adaptable for hardwood floors:
the penetrating and the surface coatings.

Requirements of a good floor finish:

(I') The finfsh must have penetrating qualfities that

become an integral part of the wood itself, so
that after application it will only wear away

as the wood wears away.

(2) The finish must seal the pores in order to keep
out dirt and resist soil stains.

(3) The finish with its penetrating qualities must
not darken the wood, but must give the floor an
attractive, satin-like sheen, showing the vary=-
ing natural color of the wood.

(4) The finish must reflect light to improve illumina-
tion.

(5) The finish should be non=slippery.

(6) The finish must not mar, scratch or flake.

(7) The finish must be of such quality that even
retouching of worn spots can be accomplished
without complete refinishing, and, with the
resulting treatment, show a uniform appearance.

(8) The finish (sealer) after application, must
fnsure economy in maintenance in order to
eliminate constant resanding and complete re-
finishing.

Directions for applying floor seal, vary with specific
recommendations of manufacturers. In general, the seal is
first applfed across the grain, then smoothed in the direc-
tion of the grain by a wide brush, squeegee or wool appli=-

cator. After a period of |5 minutes to 2 hours, depending
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on the directive of the manufacturer, the excess seal should
be wiped off with clean cloths or a rubber squeegee. Ffor
best results the floor is then buffed with #2 steel wool.
Two coats of seal are recommended with buffing after each
coat.

Both the Maple and Oak Manufacturers Agsociations
recommend waxing after the sealer has dried thoroughly with
efther paste or Ifiquid wax.

Any good soap which is not too highly alkaline can
be used to clean wood floors. However, continuous scrubbing
or even wet mopping may cause the boards to warp or cup.

In general, highly alkaline cleaners and excess amounts of
water should be avoided in the maintenance of wood floors.
Vacuuming, dust mopping and sweeping will help to prolopg

floor Iife.
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Comparisoh of Resiiient Floor Coverings
and Non-Resilient Floors

The preceding discussion has pointed out the important
characteristics of the varfous floors and floor coverings.
Tables 3, 4, 5, 6, 7 and 8 summarize certain advantages and
disadvantages of particular significance to management.

Tables 3 and 4 {llustrate the point that each floor
has both favorable and unfavorable service qualities. As
an example, resilient floor coverings which are low In cost
are generally most difficulit to maintain., The high cost
non=-resflfent floors such as marble and hard tile rate ex-

cellent for wearabilfty and ease of maintenance.

TABLE 3
COMPARISON OF RESILIENT FLOOR COVERINGS

]
Floor Initial wWear- Resistance to Color Ease of Comfort
Covering Cost ability Indentation Stability Maintenance

Asphalt Low Poor Poor Fair Poor Fair
tile
Cork High Fair Poor Fair Poor Excel lent
Linoleum Medium Good Fair to Good Fatr to Good
good good

Rubber High Good Good Good Good Excel lent
Vinyl High to Excellent Excel lent Excellent Excellent Good to

very high . excellent
Vinyl Medium Falr Falr Fair Fair Fair

Asbestos
3

Source of data: Compiled by the author,
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TABLE 4
COMPARISON OF NON-RESILIENT FLOORS

?lodr -7Nihtuil weér;ri R?sistahﬁe fo Color Ease of Comfort
Covering Cost ability Indentation Stabflity Maintenance

Concrete Low Good Excellent Fair Good Poor

Oxychior= Medium Fair Excel lent Good Fair Poor

fde

Marble Very Excellent Excellent Excellent Excellent Poor
high

Terrazzo High Excellent Excellent Excellent Excellent Poor

Hard Tile High to Excellent Excellent Exce lilent Excellent Poor
very hih

Wood Low to Falir to Good Good Fair to Fair
Medium good Poor

b
Source of data: Compiled by the author.
Table 5 indicates the maximum safe load limit for the
resilfent floor coverings, Asphalt tile, which is low In price,
also has a low load Iimit, Rubber and vinyl which are high in

cost have a high load Iimit,.

TABLE 5
MAXIMUM SAFE LIMIT FOR RESILIENT FLOOR COVERINGS

Floor Covering Load Limit In Pounds Per Square Inch
Asphalt tile 25
Vinyl-agbestos 25
Cork tile 40
Linoleum 75
Rubber 200
Vinyl 200

Ny

Source of data: Earl Brenn's Floor Maintenance Manual,
page XV=2,
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Table 6 shows the resistance to indentation of various
floors and floor coverings. The hard floors such as hard tile
or marble are virtually immune to Indentation. Softer floors,

cork or asphalt tile, are more susceptible to damage.

TABLE 6

RESISTANCE TO INDENTATION OF SELECTED RESILIENT FLOOR
COVERINGS AND NON-RESILIENT FLOORS

Materifal Indentation
Vitredus tile 0.0
Neat Portland Cement 0.0
Marble 0.0
Maple wood 0.0
Oxychloride 0.0
Rubber 4.0
Linoleum 13.6
Cork tile 26.7
.Asphalt title 61.9

Source of data: Earl Brenn's Floor Maintenance Manual,
Tables 7 and 8 show the relative costs of floor cover=-
ifngs and floors in the Lansing, Mfchigan area as of March,
1959, Actual dollar cost may fluctuate but the relative

ratings remain fairly constant,.
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TABLE 7

COMPARATIVE COSTS OF RESILIENT FLOOR COVERINGS

Floor Covering

Relative Cost

Asphalt tile
Vinyl=agbestos
Linoleum
Rubber

Cork

Vinyl

1.5 =
1.5 -
3.0 =
3.1 = 6

2.5 - 10

& NN

TABLE 8

COMPARATIVE COSTS OF NON=-RESILIENT FLOORS

Floor Covering

Relative Cost

Concrete
Wood
Oxychloride
Terrazzo
Hard tile

Marble

.l - 1.5
1.2 - 4,5
3 =10
5 =15
15 =25

e et e e et e et et et GG~ et et e e e e et et e e e ]
B e EE————— e e e

Source of data:

Compiled by the author.
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This manual has attempted to show that there I8 no
simple answer to the overall flooring problem. The discussion
and tables in this report should be helpful in the selection
of flooring for an {nstitution,

It has been pointed out that the purchase of a floor
or floor covering on initial price only is not economically
sound, Floors that are low in cost may be uncomfortable to
work on or may require expensive maintenance to prolong their
life. Even the high priced floors such as marble or quarry
tile have their disadvantages. All of the pros and cons of
each type of floor and floor covering should be considered

before the final selection is made.
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APPEND I X



TRADE ASSOCIATIONS FOR THE FLOORING INDUSTRY

American Concrete Institute
18263 W, McNichols Road
Detroft 19, Michigan

Asphalt Tile Institute
10l Park Avenue
New York |7, New York

Assoc., of American Soap and
Glycerine Producers

295 Madison Avenue

New York |7, New York

Chemical Specifalties
Mfgrs. Assocfation

50 East 41st Street

New York 17, New York

Maple Flooring Manufacturing
Assocfation

35 East Wacker Drive

Chicago I, Illinois

National Assoc., of Marble
Dealers

219 E. lsland Avenue

Minneapolis, Minnesota

National Oak Flooring Assoc.
814 Sterick Bldg.
Memphis 3, Tennessee

National Terrazzo and Mosaic Assoc.
711=14th Street, N. W,
washington, D. C.

Oxychloride Cement Associatfon, Inc.
1832 "M" Street, N. W.
washington, D. C.

Portland Cement Association
33 wWest Grand Avenue
Chicago 10, Illinois

The Marble Institute of America
32 South 5th Avenue
Mt. Vernon, New York

The Rubber Manufacturers
Assocfation

444 Madison Avenue

New York, New York

Tile Council of America
10 E. 40th Street
New York 16, New York

Tile Manufacturers Association
50 East 42nd Street
New York |7, New York







