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Foreword

Concrete is subject to deterioration by a variety of mech-
anisms. Properly selected and applied flooring systems
can protect from deterioration caused by impact, abrasion,
and chemical attack, as well as provide the features and
benefits described in Section 1 of this report. This tech-
nical committee report provides information on the design,
installation, and maintenance of protective polymer floor-
ing systems that are applied and directly bonded to con-
crete.

Numerous standards, conference papers, books, and
technical reports on many aspects of polymer flooring for
concrete have been published by SSPC, ICRI, and NACE,
and other organizations. This report focuses on those
aspects of design, materials, and installation procedures
that can help the user attain long-term service from a
variety of polymer flooring systems for a wide range of
applications. This report is intended for use by
manufacturers, specifiers, applicators, and facility owners

who specify protective polymer flooring systems for
concrete.

This report was prepared by the SSPC/ICRI/NACE Joint
Task Group N (NACE TG 005) on Coatings for Concrete
Floors. This task group was comprised of members from
all three organizations. At SSPC the Task Group was
administered by the C.1 Unit Committee on Coatings and
sponsored by Committee C.1.6 on Coatings for Concrete.
At NACE, the Task Group was administered by Specific
Technology Group (STG) 02 on Protective Coatings and
Linings—Atmospheric. It was also sponsored by STG 03
on Protective Coatings and Linings—Immersion/Buried,
and STG 04 on Protective Coatings and Linings—Surface
Preparation. At ICRI the Subcommittee on Polymer
Floors was administered by the Technical Activities
Committee and sponsored by the Committee on Coatings
and Waterproofing.

NACE technical committee reports are intended to convey technical information or state-of-the-art knowledge regarding
corrosion. In many cases, they discuss specific applications of corrosion mitigation technology, whether considered successful or
not. Statements used to convey this information are factual and are provided to the reader as input and guidance for
consideration when applying this technology in the future. However, these statements are not intended to be recommendations
for general application of this technology, and must not be construed as such.

Section 1: Features and Benefits

The following are some of the features and benefits pro-
vided by the application of a protective polymer flooring sys-
tem to a concrete slab:

1. Chemical protection of the substrate

Concrete is subject to deterioration by a variety of chem-
icals. Properly selected polymer flooring systems can pro-
vide protection from this deterioration.

2. Permeation resistance

The sealing of a concrete floor can often prevent permea-
tion of water or other liquid contamination. This is espe-
cially true in areas where severe environmental or service
conditions exist.

3. Enhancement and retention of appearance

The installation of a polymer flooring system can reduce
deterioration caused by weathering and traffic, as well as
make the concrete slab more aesthetically pleasing.

4. Dust control

Polymer flooring systems on concrete surfaces can help

control dust from the concrete itself and enhance the
removal of accumulated airborne particles.

5. Improvement of light reflectivity

Reflective polymer flooring systems can be used to reduce
lighting costs and to enhance worker productivity.

6. Creation of electrical continuity

Conductive and static-dissipative polymer flooring sys-
tems have been used to provide electrical continuity in
applications where a direct ground or indirect reference
ground are required to protect personnel or sensitive mat-
erials and equipment from static electricity, or stray cur-
rents. Some conductive flooring systems are also spark-
proof for safety where flammable materials are stored or
handled.

7. Surface texture

The application of a polymer flooring system can provide a
textured finish that influences the coefficient of friction.

8. Identification and delineation of information

Polymer flooring systems can be colored to identify traffic
aisles, safety zones, and other areas.

9. Facilitation of contamination clean-up

Polymer flooring systems can be designed and installed to
provide for temporary containment of chemical splash and
spills and to enhance the ease in which the contaminants
are cleaned from the surface.
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10. Adherence to regulations

Polymer floors are sometimes required to meet various reg-
ulations (see Section 3).

Section 2: Definitions

Accelerator®: A substance which, when added to hydraulic-
cement-based products such as concrete, mortar, or grout,
increases the rate of hydration of the hydraulic cement,
shortens the time of setting, or increases the rate of hard-
ening and/or strength development.

Accelerator?: Any substance, used in small proportions,
that increases the speed of a chemical reaction. In the
coatings industry, this term is usually defined as a material
that hastens the curing or cross-linking of a resin system. In
the polyester resin field, it is defined more specifically as an
additive that accelerates the action of the catalyst.

Adhesion? A state in which two surfaces are held together
by interfacial forces including valence forces, interlocking
action, or both.

Adhesive Failure: The failure of one or both adherent sur-
faces under stress to continue to be held together.

Aggregate: Granular material such as sand, gravel,
crushed stone, crushed hydraulic-cement concrete, or iron
blast-furnace slag which is used with a hydraulic cementing
medium or polymer binder to produce either portland cem-
ent concrete and mortar, or polymer concrete and mortar.

Aggressive Service: Severe physical stress or chemical
exposure.

Air Inhibition: The prevention of complete polymerization
(curing) of a reactive polymer caused by the presence of air

(oxygen).

Amine Blush: A thin film of carbamnated amine at the sur-
face of a cured epoxy system as the result of the reaction of
an amine molecule with molecules of carbon dioxide and
water, that results in a greasy-feeling film.

Bond-Breaker Tape: Used to prevent adhesion between
the substrate and the flooring system to allow some move-
ment at the joint or crack without causing immediate failure
of the flooring system.

Chemical Attack: Degradation or discoloration caused by
the action of a chemical.

Chemical Resistance: The ability of a polymer flooring sys-
tem to resist degradation and attack by a specific concen-
tration of a chemical at a specific temperature within a given
time period.

Coefficient of Friction®: The ratio of the horizontal com-
ponent of force required to overcome friction to the vertical
component of the object weight or normal force applied
through the object causing the friction.*

Coefficient of Linear Thermal Expansion (CLTE): The
change in length per unit length resulting from a one-
degree rise in temperature.

Cohesion: Molecular attraction by which the particles of a
body are united throughout the mass.

Cohesive Failure: The failure of the molecular attraction of
a polymer under stress to remain united throughout the
mass.

Concentration: Amount of a substance expressed in rela-
tionship to the whole.?

Concrete: A composite material that consists of a binding
medium, within which is embedded particles or fragments of
aggregate. The binding medium used to make portland
cement concrete is a mixture of portland cement and water.

Construction Joint: A joint placed in a concrete slab at the
end of an individual placement. These joints can be
planned and correspond with the overall slab joint layout, or
the result of an unplanned stoppage of the placement in
progress.

Contaminant, Contamination: Any extraneous material on
or in the concrete surface that can negatively affect the per-
formance of a polymer flooring system on concrete.

Contraction Joint: A formed, sawed, or tooled joint in a
concrete floor slab that creates a weakened plane. This
regulates the location of cracking resulting from dimensional
changes of the concrete slab.

Control Joint: See Contraction Joint.
Crack: See Dynamic Crack, Static Crack.

Cross-Linking: When applied to polymer molecules, refers
to the creation of chemical links between molecular chains
to form a three-dimensional or network polymer, generally
by covalent bonding. Extensive cross-linking, found in most
thermosetting resins, makes all of the linked chains into one
larger molecule. Cross-linking generally toughens and stif-
fens polymer floorings. Thermosetting materials cross-link
under the influence of heat and catalysis. Cross-linking
might also be induced by the use of catalysts, ultraviolet
light, and/or electron curing.2
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Concrete Curing Compound: A liquid that can be applied
to the surface of newly placed concrete to slow the loss of
moisture from the concrete. White pigmented curing com-
pounds can reflect heat, providing an opportunity for the
concrete to develop its physical properties at a more favor-
able temperature.

Disbondment: Loss of adhesion between a polymer floor-
ing system and a substrate.

Dynamic Coefficient of Friction: The ratio of the horizontal
component of force required to cause a body to slide at a
relatively constant velocity to the vertlcal component of the
weight of the object or force applied to it.

Dynamic Crack: A crack in a concrete surface which exhib-
its changes in width as the concrete moves.

Efflorescence™®: A deposit of white crystals or powder on
the concrete surface created by the reaction of hydrated
lime with carbon dioxide and acidic poIIutants Free cal-
cium hydroxide in concrete is soluble. As excess water is
absorbed into the concrete, the calcium hydroxide goes into
solution. As water is dried out of the concrete because of
changes in the temperature and humidity of the environ-
ment, calcium oxide (lime) is deposited on the exterior sur-
face as the solute dehydrates.

Elastomer: A natural or synthetic polymer that has the cap-
ability of recovering its original size and shape after deform-
ation. After removal of a tensile load, an elastomer returns
to approximately its original Iength.2

Expansion Joint: See Isolation Joint.

Finish: The texture or appearance of a surface, after finish-
ing operations have been performed.

Finishing: Leveling, smoothing, compacting, and otherwise
treating surfaces of a fresh or recently placed concrete,
mortar, or polymer flooring system to produce the desired
appearance and texture.

Friction: The resistance developed between the physical
contacting surfaces of two bodies when there is movement
or tendency for movement of one body relative to another
parallel to the plane of contact.”

Glass-Transition Temperature: The temperature at which
the noncrystalline portion of a polymer is transformed from a
brittle, glass-like material to a tough, rubbery material.?

Grout, Grouting: A plastic mixture of cementitious or poly-
mer materials used as a filler for cracks or other voids in a
concrete or polymer surface that is to be coated.

Hazardous Substance: A substance which, by reason of
being explosive, flammable, toxic, corrosive, or otherwise
harmful, is likely to cause death or injury if misused.

Hazardous Waste: A waste defined in the Resource Con-
servation and Recovery Act (RCRA)6 as being subject to
U.S. Federal hazardous waste regulations, or a waste that
exhibits the characteristics that define a hazardous waste.

Holiday: A discontinuity in a protective coating that exposes
unprotected surface to the environment.

Holiday Detector: An electrical device that locates discon-
tinuities (holidays) in a protective polymer flooring system.

Hydrostatic Pressure: The pressure exerted by a liquid on
an immersed body.

Hydraulic Pressure: A force created by the application of
pressure to a saturated system.

Hydrolysis: A disruptive reaction of a compound with water
which causes the compound to split into two parts, one of
which combines with the hydrogen ion (H ) of water and the
other with the hydroxyl ion (OH") of water.?

Hydrophilic: Describes a substance that absorbs or exhib-
its affinity for water (wettable)

Hydrophobic: Describes a substance that does not absorb
or exhibit affinity for water (nonwettable)

Initiator: A material that initiates a polymerization reaction.

Isolation Joint: A joint used in concrete slab construction
wherever complete freedom of vertical and horizontal move-
ment is required between the floor and adjoining building
elements. Often referred to as an expansion joint.

Joint: See Contraction Joint, Construction Joint, or
Isolation Joint.

Laitance: A thin, weak, brittle layer of cement and aggre-
gate on a concrete surface. The amount of laitance is
increased by the degree of finishing or the amount of water
used in the preparation of the concrete.’

Moisture Vapor Emission Rate (MVER): Amount of water
vapor in pounds emitted from a 1,000 ft’ area of concrete
roorlng durlng a 24-h period (multiply by 56.51 to convert to
gm/m?)."8

Monolithic: Describes a seamless polymer flooring system.

Osmosis: Movement of a solvent through a semiperme-
able membrane into a solution of higher-solute concen-
tration that tends to equalize the concentrations of solute
on the two sides of the membrane.

Osmotic Pressure: Pressure exerted on the concrete/poly-
mer flooring interface through the capillaries in the concrete
as a result of differences in solute concentration across the
interface.
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Permeability: The rate of water vapor transmission through
unit area of flat material induced by a vapor-pressure-per-
unit difference between two specific surfaces at a design-
nated temperature and humidity.g

Pinhole: A very small discontinuity of the polymer flooring
system caused by the formation of a void in the system film
thickness as the liquid resin is absorbed into the substrate,
extending from the exterior of the film in a conical concave
shape to the substrate.

Plastic Cracking, Plastic-Shrinkage Cracking: Cracking
that occurs in the surface of fresh concrete soon after it is
placed and while it is still plastic.

Polymer Cure (Convertible Coatings): A change in the
properties of a polymeric system into a final, more stable,
usable condition by the use of heat, radiation, or reaction
with chemical additives.

Polymer Flooring: A liquid or a liquid with fillers and/or rein-
forcement that is applied to a substrate and cures by heat
or by catalyzing to form a thermo-set polymer that bonds to
and protects the substrate and provides a barrier for the
containment of chemicals.

Polymer Flooring System: Any combination of liquid-poly-
mer products used as sealers, coatings, or mortars for
installation to concrete to provide for repair, protection, or
enhancement.

Porosity, Surface Porosity: The ratio, usually expressed
as a percentage, of the volume of voids in a material to the
total volume of the material, including the voids.

Profile, Surface Profile: Surface contour as viewed from
the edge of the surface.

Protective-Barrier Polymer Flooring System: See Poly-
mer Flooring.

Reflective Cracking: Cracking that develops in a polymer
flooring system directly over a dynamic crack in the con-
crete.

Reinforcement: Fabrics and functional fillers that improve
the physical properties of the polymer flooring system. Ara-
mid, polyester, fiberglass, and carbon fabrics are commonly
used reinforcements. Micaceous silicate, micaceous iron
oxide, glass flake, and graphite flake offer increased phys-
ical properties and reduced permeability.

Sealant, Joint Sealant: A compressible material used to
exclude water and solid foreign materials from joints.

Segregation: A differential in the concentrations of the
components of mixed concrete that results in nonuniform
proportions in the mass.

Slip Resistance: A descriptive term, encompassing all the
critical material and human elements that may lead to a slip,
and as such should not be used interchangeably with coef-
ficient of friction. It is not a constant or an intrinsic property
of a given surface composition, but, instead, varies with
texture, wear, and contamination. It is also a function of the
activities such as walking slow, fast, or running on a sloped
incline or flat surface, pulling or pushing a load, and the
physical condition of the individual, their behavior, and their
perception.?

Stress Concentration: Localized areas of applied load as
compared to uniform loading.

Static Coefficient of Friction: The ratio of the horizontal
component of forces applied to a body that just overcomes
the friction or resistance to slipping to the vertical compon-
ent of the weight of the object of force applied to it.3

Static Crack: A nonmoving concrete-surface crack with a
constant width.

Surface Preparation: The method or combination of meth-
ods used to clean and remove loose or weak materials and
contaminants, and to repair and roughen a concrete surface
to promote adhesion of a protective polymer flooring sys-
tem.

Thermal Expansion: See Coefficient of Linear Thermal
Expansion.

Thermal Shock: A rapid force exerted on polymer flooring
as a result of a sudden change in temperature.

Thermoset, Thermoset Polymer: A material that under-
goes a chemical reaction by the action of heat, catalysts,
ultraviolet light, etc., causing the material to form a relatively
infusible state.”

Vapor Barrier: True vapor barriers are products, such as
rugged multi-reinforced membranes, that have water trans-
mission ratings of 0.00 metric perms (0.00 U.S.perms) as
determined by ASTM® E 96.°*°

Vapor Retarder: A material that effectively minimizes the
transmission of water vapor from the soil support system
through the slab, but is not 100% effective in preventing its
passage. It is generally recognized that a vapor retarder
has a permeance of less than 0.2 metric perms (0.3 U.S.
perms) as determined by ASTM E 96.°°

Water of Convenience: The amount of water, over that
which is required for complete hydration of the hydraulic
cement, that is added to a concrete mixture for the sole pur-
pose of increasing the workability of the mix.

Workability: A subjective measure of the ease of instal-
lation of applied products such as polymer flooring systems.

I ASTM International, 100 Barr Harbor Drive, West Conshohocken, PA 19428.
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Section 3: Regulations

When specifying a polymer flooring system, applicable
legislative regulations are often considerations. Unfortun-
ately, no uniform standard covers the polymer flooring
industry and the standards within each agency are fairly
vague. However, knowledge of potential conflicts and
research into the applicable standards can help to avoid
noncompliant work practices.

The agencies and regulations that that are applicable to
polymer flooring projects in the United States include but
are not limited to the following:

1. Environmental Protection Agency (EPA)(Z)

Title 40 of the Code of Federal Regulations™* © (40CFR)
contains the EPA regulations dealing with paint and coat-
ing issues. These issues range from lead-based paint
activities (possibly important when removing old flooring
systems), volatile organic compound (VOC) emissions,
and protection of drinking water and the environment
through secondary containment requirements. These
requirements can be applicable to some flooring projects.
The regulations describe the results to be achieved, but
do not specify how to achieve those results, e.g., thick-
ness of flooring material, permeation rates, etc.

2. Occupational Safety and Health Administration
(OSHA)?

Title 29 of the Code of Federal Regulations (29CFR)"
refers to OSHA regulations pertaining to many issues
important to the polymer flooring industry. Among these
issues are those concerning confined spaces, permissible
exposure limits (PEL) for air contaminants, respiratory
protection, exposure to crystalline silica, and other safety-
related issues.

3. U.S. Food and Drug Administration (FDA)(S)

The FDA is currently in the process of adopting a self-
administered quality control program for the food and drug
industry called Hazards Analysis Critical Control Points
(HACCP). If adopted, this program will require food and
drug producers to develop a written manual and to main-
tain records following that manual, which would be open
for review by the FDA. This program is similar to the 1ISO®
9000 system for the food and drug industry. A significant
part of this control program would be the avoidance of
bacterial growth. Polymer flooring is an integral ingredient
in such avoidance.

4. U.S. Department of Agriculture (USDA)m

The USDA no longer approves polymer flooring products
for use in food processing facilities. Instead, the USDA is
working with the FDA on the HACCP policy. It is at the
discretion of the processor to manage bacterial growth
and meet the required quality and sanitary standards.

5. Americans With Disabilities Act (ADA)"?

It is the responsibility of polymer flooring specifiers to con-
sider the requirements of this Act to ensure that access to
facilities is provided to persons with disabilities. In addi-
tion to the accessibility guidelines for buildings and facili-
ties, the ADA recommends providing slip resistant sur-
faces.® See Section 7, Paragraph 1(e).

6. NFPA® 99': National Fire Protection Association
Standard for Healthcare Facilities

NFPA 99 is specific to the healthcare industry and speci-
fies conductive flooring to “reduce the possibility of elec-
trostatic spark discharges, with consequent ignition of
flammable gases.” Polymer floor systems can be formu-
lated with conductive filler materials to provide electrical
continuity.

Section 4: Service Conditions

This section discusses the classification of service condi-
tions to which polymer flooring systems are often exposed.
A flooring system is designed to withstand the anticipated
impact, abrasion, and splash and spill of chemical exposure
for the design life of the polymer flooring system, provided
the floor system is maintained in accordance with the manu-
facturers’ recommendations.

1. Traffic Conditions

The following are classifications used to rate the traffic
conditions to which polymer flooring systems might be
subjected.

@'y_s. Environmental Protection Agency (EPA), Ariel Rios Building, 1200 Pennsylvania Avenue, NW, Washington, DC 20460.
® Available from the U.S. Government Printing Office, 732 North Capitol Street NW, Washington, DC 20401.
® y.s. Department of Labor, Occupational Safety and Health Administration (OSHA), 200 Constitution Avenue, NW, Washington, DC

20210.

® y. s. Food and Drug Administration (FDA), 5600 Fishers Lane, Rockville, MD 20857-0001.

© |nternational Organization for Standardization (ISO), 1 rue de Varembe, Case Postale 56, CH-1121 Geneve 20, Switzerland.
M y.s. Department of Agriculture (USDA), 14th and Independence Avenue, SW, Washington, DC 20250.

® National Fire Protection Association (NFPA), 1 Batterymarch Park, P.O. Box 9101, Quincy, MA 02269-9101.
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(a) Abrasion areas
e  QOccasional foot traffic
e Constant foot traffic
e  Vehicular traffic
e pneumatic tires
solid polymer tires
hard rubber tires
steel wheels
air pallets

(b) Impact areas

e  Drum storage
Mechanics’ tools
Loading/unloading
Production lines

2. Chemical Conditions

The chemical resistance of a polymer floor system depends
in large part on the resistance of the system'’s polymer resin
to the specific chemical reagent to which it is exposed.
Other characteristics of the polymer flooring system that can
contribute to chemical resistance include the cross-link den-
sity of that polymer, the type and amount of pigments and
other fillers, the thickness of the polymer flooring system,
and the type and amount of reinforcement used.

(a) Classification of Chemicals

Chemicals can be classified by generic type and con-
centration. Examples of typical chemicals in various
chemical classifications are listed in Appendix A.
Generally, chemicals within a specific class react with
specific polymers in a similar manner. The higher the
concentration of an acid, alkali, or solvent, the more
aggressive the attack. If a known concentration of a
specific chemical is to be exposed to the polymer
flooring system at a given temperature, the effect of
that exposure can be predetermined by testing the
resistance of the flooring system in accordance with
test procedures identified in Appendix B.

(b) Frequency and Duration of Contact

Frequency and duration of chemical contact are typi-
cal considerations in the design of flooring systems
that are to be exposed. Increased concentration of
the chemical as a result of evaporation or increases
in reactivity caused by combination with other chem-
icals can create a more aggressive chemical reagent.
Some of the negative affects of exposure of some
polymer resins to specific chemicals might be either
nonexistent or reversible if the exposure is short-lived
and infrequent. Good housekeeping programs can
be very effective in reducing the effect of chemical
attack on polymer floor systems.

(c) Surface Temperature

The temperature of the chemical that comes in con-
tact with the polymer flooring system has an effect on

the degree to which the resin system resists degrada-
tion from the exposure. In addition to the increased
reactivity of the chemical at higher temperatures, the
polymer floor system itself can sometimes undergo a
change in physical properties. Those changes include
detrimental effects on elasticity, hardness, perme-
ability, adhesion, and volume stability above its glass
transition temperature.

3. Temperature Conditions

When classifying the ambient environment to determine
the temperature exposure and suitability of a flooring sys-
tem, factors including the source of heat, surface temper-
ature range (both wet and dry), duration of exposure, and
the rate of temperature change are all considerations.

Thermal shock is the rapid exposure of a material to a
dramatic change in temperature. In the polymer flooring
industry thermal shock is commonly considered to be the
rapid exposure of the composite concrete/polymer flooring
system to elevated temperatures. This rapid exposure
can cause the polymer system to expand at a much faster
rate than the concrete, causing stress at the bond line in
excess of the tensile strength of the concrete, resulting in
delamination. The stresses applied to the concrete/poly-
mer flooring interface from thermal shock are affected by
the difference in coefficient of linear thermal expansion
(CLTE) of the concrete and the polymer flooring system.
Polymer flooring systems with CLTEs closer to that of the
concrete substrate might perform better than systems with
high CLTEs in applications designed for service in thermal
shock conditions. Use of composite fabric reinforcement,
inert flake fillers, mineral or metallic fillers, elastomeric
systems, or combinations of these technologies increases
resistance to thermal shock.

4. Electrostatic Conditions

A polymer flooring system can be designed to control the
unwanted, sudden grounding of built-up static electricity or
control of spark generation in contact with the floor.
Examples of facilities that might require this type of design
include microchip manufacturing facilities, electronic
manufacturing facilities, and ordinance and other explo-
sive goods manufacturing and storage facilities. Both
conductive and static dissipative floor systems are perma-
nently grounded to a true earthen ground in order to func-
tion properly. The differences between conductive and
static dissipative flooring systems are largely found in the
measurement of the resistance of the flooring system to
the flow of electricity. Conductive flooring with an elec-
trical resistance of 2.5 x 10* to 1.0 x 10° ohms, as recom-
mended by the NFPA, can drain an electrical charge of
5,000 V to zero in 0.05 seconds. Because conductive
flooring drains off electrical activity so quickly, it prevents
the buildup of static charge and eliminates the possibility
of electrostatic discharge (ESD). Static dissipative floor-
ing has a resistance of 1.0 x 10° to 1.0 x 10° ohms. It
adds no static electricity to the environment and drains a
5,000 V charge to zero in less than 0.20 seconds. The
use of static dissipative shoes, clothing, and tools assists
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in maintaining a safe working environment. In addition to
these safeguards, the structure, personnel, materials,
equipment, and floor are typically maintained to provide
electrical continuity with the floor. Tests for continuity in
accordance with ASTM F 150" are normally performed
upon initial installation and every month thereafter.

5. Exterior Conditions

In addition to the considerations for temperature condi-
tions listed in item 3, other typical considerations for exter-
ior conditions include the effects of ultraviolet (UV) light,
freezing, wetting, and drying. Use of materials on exterior
surfaces requires special design considerations that are
beyond the scope of this report.

Section 5: Properties of Concrete

When the installation of a flooring system on a concrete
slab is being considered, one of two conditions is always
present. Either the concrete is preexisting and the protect-
ive flooring system designer has no influence on its quality
or manner of construction, or the concrete is currently being
designed and those involved in the choice of a protective
flooring system have an opportunity to provide professional
guidelines to enable a quality project.

ACI® 302.1 R,*® ACI 360 R* and other ACI standards pro-
vide information addressing concerns over concrete mix
design, mixing, transportation, installation, and curing of
concrete. In addition, there are a number of documents that
discuss the proper design of concrete floor slabs on grade.
These discussions include “the aspects of subgrade, vapor
barrier, concrete mix design, volume changes, placing, fin-
ishing, curing, and drying of concrete that directly or indi-
rectly affect the subsequent installation of polymer floor top-
pings and coatings."17 The following information addresses
those areas of particular interest to personnel concerned
with concrete floor slabs that receive polymer flooring sys-
tems.

1. Concrete Design for New Slabs

Any flooring system that is bonded to a concrete substrate
depends on the concrete for its composite structural integ-
rity. Details concerning the design of concrete floor slabs
are addressed in numerous ACI standards, including ACI
302.1 R, ACI 318,'® ACI 515.1 R,"® and ACI 224 R.* The
range of service conditions and exposures of polymer
flooring systems varies widely, affecting the specific
design considerations.

The effects of shrinkage, thermal movement, live loads,
and dead loads are typically considered and accommo-
dated in the design of the concrete mix, reinforcement,
slab thickness, and joint layout. Achieving the proper
slope to facilitate drainage is also an important design
consideration in areas subjected to wet processing or
requiring wash down. Proper concrete design and instal-
lation practices can provide concrete of sufficient quality
to allow for the successful installation of polymer flooring
systems with very low permeability. Proper design and
installation can reduce the incidence of polymer flooring

system failures resulting from improper mix design, poor
placement and finishing practices, poor curing practices,
and common moisture-related problems attributed to
improper selection and installation of vapor-barrier sys-
tems.

(@) Soil Support System

The soil support system consists of subgrade, sub-
base, and base materials. The design of the soil sup-
port system provides adequate uniform support for
the structure and its designed use, adequate drain-
age through the base and subbase, a capillary break
in the compacted granular base, and a vapor barrier
between the base and the subbase.

(b) Concrete Composition

Concrete, in its most basic form, is comprised of port-
land cement, fine aggregate, coarse aggregate,
water, and air. Concrete often contains chemical
admixtures and mineral admixtures to aid in work-
ability and affect setting times, physical strengths,
and density. Water and cement create a paste that
binds the other ingredients together. The addition of
fine aggregate to the paste produces a mortar. The
addition of coarse aggregate to the mortar produces
concrete. The use of chemical and mineral admix-
tures may allow for the production of high-perform-
ance concrete. The type and amount of cementitious
ingredients in the mix, the water-to-cementitious ratio,
the total aggregate-to-paste ratio of the mortar, the
ratio of coarse aggregate to fine aggregate, the use
of chemical or mineral admixtures, and the air content
(both entrapped and entrained) all play pivotal roles
in the production and installation of quality concrete
floor slabs.

For Class-6 single-course industrial concrete floor
slabs on grade, ACI 302.1 R-96" suggests a mini-
mum 31 MPa (4,500 psi) compressive strength at 28
days after concrete placement. It suggests a con-
crete mixture, when adjusted for local raw materials
and historical performance, can be used to achieve
these values:

©F American Concrete Institute (ACI), P.O. Box 9094, Farmington Hills, MI 48333.
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e Cementitious material: 279 kg/m3 (470 Ib/
yd3) minimum,
e Portland cement according to ASTM C

150%

e Pozzolan fly ash according to ASTM C
618%

e  Mineral admixtures according to ASTM
C 1240%

e Water-to-cementitious ratio: 0.45 maximum
(c) Strength Development

The relatively high compressive strength of concrete
provides a rigid structural base for a flooring system.
Tensile strength provides adequate adhesion
between the bonded flooring system and the concrete
substrate. However, according to ACI 209% the ten-
sile strength of concrete ranges from only 6 to 8% of
its compressive strength. The tensile adhesion of
polymer-based products applied to concrete is limited
to the weaker tensile strength of the two surfaces.
Because of concrete’s low flexural and tensile
strength, cracking often occurs and usually transfers
through the floor system unless preventative meas-
ures are taken in the design of the concrete and/or in
the design of the polymer system.

The rate at which concrete develops strength is
important for scheduling polymer floor system instal-
lations. According to ACI 209 strength development
is a function of cement type, design, compressive
strength, temperature, and time. As described in ACI
305 R*® and ACI 306 R, the early rate of strength
development increases with increased temperature;
however, the ultimate strength achieved is generally
lower for concrete that is placed at elevated tempera-
tures. ASTM C 150 Type lll cements or admixture
accelerators are typically used if rapid strength deve-
lopment is desired. Strength development is slower
for ASTM C 150 Type Il and Type V cements, as well
as any cements containing fly ash, such as Type IP.

Polymer flooring systems have traditionally been
installed no sooner than 28 days after concrete place-
ment. The 28-day waiting period originated as a civil
engineering structural requirement and was adopted
by the polymer flooring industry because it usually
allowed sufficient time for the required concrete com-
pressive strength and complementary tensile strength
to develop. This time period was then transposed
onto the concept of concrete drying. This 28-day
waiting period is a controversial topic that involves all
facility owners, polymer flooring manufacturers, appli-
cators, and design professionals. Many factors affect
strength development and moisture movement in
concrete. These factors can reduce or increase the
time required for strength and moisture levels to be
acceptable. In addition, many construction schedules
do not allow for a 28-day waiting period. For these
reasons, ASTM C 150 Type Ill high early-strength
cements, mineral admixtures, chemical admixtures,

heat-cure blankets, and combinations of these mater-
ials and methods have been used to accelerate the
strength development of concrete. In addition, low
water-cementitious ratio mix designs and postcure
drying methods have been used. For enclosed
areas, dehumidification equipment has been used to
reduce the drying time of concrete (after sufficient
strength has been achieved) and to reduce humidity
during installation, preventing premature failure of the
polymer flooring.”’

Quantifiable surface properties, as discussed in Sec-
tion 6, rather than a period of time, are often speci-
fied. NACE Standard RP0892°° and ACI 515.1 R do
not recommend specific periods of time for cure, but
these standards do address surface dryness, surface
strength requirements, and other surface quality
issues.

(d) Shrinkage

Shrinkage is a function of the loss of volume in the
paste (cement and water) of concrete. Although com-
plex in detail, this volume change is essentially the
reduction in volume of the paste as a result of loss of
water and from reduction in mass of the hydration
products as they converge from water and cement to
various chemical hydrates. Some of the ingredients
and their effect on shrinkage are noted as follows:

e Cement type and amount
Cement types, listed in order from the most
shrinkage to the least shrinkage, are as
follows: ASTM C 150 Type lll, ASTM C 150
Type |, ASTM C 150 Type Il, and ASTM C
845% Type K.

o Water-to-cementitious (w/cm) ratio
Increasing the amount of water in a cement
paste increases shrinkage.

e Temperature of plastic and hardened con-
crete
As temperatures increase, hydration and
moisture loss increase, increasing the
opportunity for shrinkage.

e  Chemical or mineral admixtures
These substances reduce drying shrinkage
by reducing the amount of water needed for
a given level of workability. Although posi-
tive shrinkage reduction is achieved, it is not
proportional to the reduction in water
achieved.

e Curing
Following the practices of ACI 308% can
help to prevent plastic shrinkage and reduce
short-term drying shrinkage.

Shrinkage is divided into three phases: plastic shrink-
age, short-term drying shrinkage, and long-term dry-



ing shrinkage. Plastic shrinkage occurs while fresh
concrete is still in its plastic state prior to initial set at
the surface. Stiffening of the concrete and a strength
gain of 1 MPa (400 psi) define initial set. Short-term
shrinkage (33% of total shrinkage) occurs in the first
28 days, and long-term shrinkage occurs at any time
from 28 days up to three years from time of mixing.
Ninety percent of long-term shrinkage occurs in the
first year. Shrinkage can cause cracking, curling, and
excessive joint movement in a concrete slab. Accord-
ing to ACI 209 shrinkage in concrete using Type |
cement that is kept moist for seven days ranges from
415 to 1,070 um/m (415 to 1,070 x 107 fu/ft).*

Common practices for combating problems as a
result of shrinkage include:

e  Minimizing mixing water in the concrete (low
wic ratio)

e Minimizing the total paste content of the con-
crete

e Maximizing aggregate size and total aggre-
gate-to-paste ratio

e Using shading to prevent rapid evaporation

of moisture at the surface during finishing

operations to control plastic shrinkage crack-

ing

Erecting wind breaks

Using moisture retaining covers

Using monomolecular films or fog misting

Immediate 100% moist curing for a minimum

of seven days

e Placement of contraction joints, isolation
joints, and construction joints in the proper
location and at the proper time in accord-
ance with ACI 302.1 R

ACI 223% describes the use of ASTM C 845 Type K
cements. Type K cement concrete initially expands
to a volume that is greater than the initial (as cast)
volume and shrinks afterward, similar to portland
cement concrete. With adequate internal reinforcing,
the steel provides internal restraint which is strained
(stretched), and that strain is relieved upon shrinkage
as the steel does not oppose the shortening of the
concrete and helps pull the shrinking concrete back
towards its initial volume. If properly designed the
slab produces a net volume that is slightly larger than
its initial volume. Because of this, highly reinforced
structural designs can use continuous reinforced
pavement concepts to reduce reliance on joints and
produce closely spaced, tightly formed cracks. Fur-
ther, total joint reduction in the range of 80 to 90%
can be attained with shrinkage-compensating con-
crete, producing less warping in slabs on grade.

(e) Jointing of Concrete Slabs
ACI 302.1 R, ACI 360 R, ACI 504 R,*? and ACI 224 R

provide recommendations on the location and design
of joints for concrete structures. Joints can be clas-

2.
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sified as contraction (control) joints, isolation (expan-
sion) joints, or construction joints.

Contraction joints are designed to accommodate
shrinkage caused by drying and thermal movement.
Isolation joints are designed to isolate adjacent and
distinct structural sections, such as walls, column
foundations, and equipment pads. Construction
joints accommodate the construction schedule and
can tie adjacent structural slabs together or provide
for isolation jointing.

Contraction joints are usually cut as soon as possible
after the finishing operation without raveling the joints
by dislodging aggregates, but before random shrinkage
cracking can occur. These joints are generally cut to a
depth of at least one-fourth of the slab thickness. ACI
302.1 R provides recommendations on the distances
between contraction joints. A commonly used criterion
is that the distance in meters between joints is equal to
24 to 36 times the slab thickness in meters (the maxi-
mum distance in feet between joints would be equal to
two to three times the slab thickness in inches).

(f) Concrete Finishing and Surface Characteristics

The methods used to finish a concrete surface have a
significant effect on its properties. Typical surface pro-
perties including profile, porosity, and strength of con-
crete surfaces finished by a variety of methods as
described in ACI 302.1 R. The generally preferred
method of finishing concrete to receive applied poly-
mer systems is by a light steel trowel. Two passes
with the steel trowel are generally sufficient.*®

(g) Concrete Cure

If the temperature is above 10°C (50°F), ACI 308
recommends seven days of moist curing for ASTM C
150 Type | portland cement-based concrete and three
days for ASTM C 150 Type lll portland cement-based
concrete. ACI 308 also describes numerous methods
of properly curing concrete, including the use of liquid
membrane-curing compounds, ponding, and the use
of various types of moisture-retaining covers.

Liquid membrane-curing compounds are commonly
used to cure concrete and to reduce moisture loss
immediately after placement and finishing of concrete
surfaces. Materials and practices are described in
ACI 308 and ASTM C 309.** Commonly used liquid
membrane-curing compounds (some of which also
act as sealers after the concrete has cured) include
synthetic resins, waxes, and acrylic-based materials.
Most of these materials are incompatible with thermo-
set polymer flooring systems and are generally
removed before installation.

Existing Concrete Floor Slabs

Existing concrete floor slabs are generally inspected to
determine surface strength, overall compressive strength,
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moisture movement, presence of contaminants, evidence of
shrinkage, thermal movement, or structural movement.
Existing slabs might have been subjected to physical abuse
or chemical contamination that needs assessment and
repair, or a change in the use of the facility can subject the
floor system to a different set of use parameters.

(a) Surface Strength

Many polymer flooring manufacturers and design pro-
fessionals specify a minimum concrete tensile bond
strength of 1.4 to 2.1 MPa (200 to 300 psi), or 100%
cohesive failure in the concrete substrate depending
on the type of polymer flooring and the service con-
ditions.

e ASTM D 4541 describes a procedure used
to test the pull-off strength of thin-film sys-
tems.

e ACI 503 R,*® Appendix A, describes a pro-
cedure used to test the pull-off strength of
0.64-cm (0.25-in.) mortar systems.

(b) Physical and Chemical Damage

Existing concrete floor slabs that have been sub-
jected to mechanical damage (caused by impact or
abrasion), chemical attack, or reinforced steel corro-
sion can be restored to provide a uniform, sound sub-
strate for polymer flooring application. In cases of
severe damage, the concrete is sometimes com-
pletely removed and replaced.

In order to receive and hold the patching material, all
deteriorated concrete is typically removed and the
surrounding sound concrete is saw-cut using proce-
dures described in ICRI 03730.*° Some contaminants
can have a detrimental effect on the reinforcing steel
or the applied polymer flooring if they are not com-
pletely removed.

Cementitious repairs are generally treated as new
concrete. Polymeric grouts and patching materials
are often used, especially when the polymer flooring
is to be applied immediately after the repair.

(c) Other Defects and Imperfections

Surface voids, pinholes, and excess porosity can
affect the performance of polymer flooring systems.
The maximum substrate void size or porosity
depends on the type of polymer flooring system being
used, and the manufacturer’s requirements. Voids
are typically filled prior to application. If voids are not
filled, trapped air may expand to create a condition
known as “out-gassing,” resulting in the formation of
bubbles during or immediately after the polymer floor-
ing installation. Excessive porosity in the concrete
surface can result in pinhole development in the
primer or in the finished polymer floor system itself.
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Because they can cause holidays or thin sections in
the polymer flooring, rough edges and protrusions in
the surface of the concrete, such as trowel chatter,
mortar splatter, ridges, penetrations, or sharp projec-
tions, are typically removed during surface prepara-
tion.

(d) Joints and Cracks

Many polymer-flooring systems are rigid and prone to
reflective cracking. Therefore, existing joints and
cracks are usually identified and the maximum
expected movement quantified prior to polymer floor-
ing selection. Movement at joints or cracks is a result
of shrinkage, thermal cycling, dead-load settling, or
live-load traffic. In existing structures over three
years of age, no significant movement due to drying
shrinkage is expected.’” 2> *" Additional information
about the identification of joints and their expected
movement due to the other factors mentioned is
given in ACI 302.1 R and ACI 504 R.

Monitoring joints and cracks over 24 hours can deter-
mine whether they are static or dynamic. However,
all cracks have the potential for movement and can
therefore be treated as dynamic cracks. Some
cracks are invisible in warm conditions when the con-
crete is expanded, but they can become visible when
temperatures are lower, when the concrete is drying
(because the crack dries more slowly), or when a dye
method is used to identify cracks. Joints and cracks
are usually treated as described in Section 7, Para-
graph 1 to prevent reflective cracking in the polymer
flooring system. New and emerging technologies in
the polymer flooring industry are providing polymer
floor systems with elastomeric properties that also
provide outstanding chemical and wear resistance.
These systems are not as dependent on the jointing
system in the base concrete slab on grade as are the
more rigid traditional systems.

Moisture-Related Problems in Concrete Floor Slabs
(a) Source of Moisture

Excess moisture in concrete can produce the harmful
effects of discoloration, interruption of polymerization
of products, and delamination of bonded systems.
Sources of excess moisture fall into three distinct
categories: (1) moisture present at the surface prior
to application, (2) moisture within the concrete that
moves out of the concrete during and after appli-
cation, and (3) moisture in contact with the concrete.

Moisture within the concrete can come from an exter-
nal source or be the result of water of convenience.
One often-discussed reason for waiting 28 days prior
to polymer flooring installations over new concrete
with a vapor barrier system in place is to allow this
excess moisture to evaporate.*® However, the evap-
oration of the excess moisture is dependent on the
guantity of excess moisture, the difference in temper-



ature between the interior of the concrete and the
exterior ambient environment, and the difference in
humidity between the interior of the concrete and the
external surrounding environment.

Unless an existing concrete structure is exposed to a
distinct source of water and has been continuously
wet, moisture migration as a result of drying is gener-
ally not a concern. However, all other issues dis-
cussed in this section apply to both new and existing
concrete. It is important to determine whether a
vapor barrier, a vapor retarder, or no vapor protection
at all is under the existing concrete structure. If no
positive side vapor protection exists, it might be
impossible to install a polymer flooring system without
first installing a negative side vapor-suppressing pro-
tective system. |If a vapor barrier system is installed
in accordance with ACI 302.1 R, the moisture vapor
content of the concrete can be reduced to a desirable
level by standard dehumidification and drying prac-
tices.

(b) Testing For Moisture

The following are some of the common methods used
to determine the presence of or quantify the existence
of and/or the movement of free moisture in concrete
prior to the application of polymer flooring sys-
tems.*®**°  However, these tests do not predict the
presence and/or movement of moisture at a different
point in time or under different environmental con-
ditions of temperature and relative humidity.

e ASTM D 4263" (Plastic Sheet Method)

This qualitative method indicates the pres-
ence of moisture movement for a particular
16-hour time period, but does not quantify
the amount of moisture movement. This
method has little statistical value in deter-
mining the quantity of moisture movement or
the rate at which it is moving through the
concrete.

e ASTM F 1869" and ASTM E 1907° (Deter-

mining the Rate of Moisture Emission Using
Anhydrous Calcium Chloride)
This method uses anhydrous calcium chlor-
ide to make either a qualitative or quanti-
tative evaluation of moisture emissions from
the concrete expressed as g/m2/24 h
(Ib/1,000 ft?/24 h). The testing period is 72
hours.

e ASTM F 2170, Hygrometer Test (Relative
Humidity Method)

e BS 5325 Conductivity Test (Gel Bridge
Method)
This method results in a “pass/fail” indication
of whether or not moisture is being admitted.
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e Carbide Acetylene Method*
This is a destructive test that quantifies the
specific portions of concrete removed and
tested contain a measured content of moist-
ure. It does not provide any information
about the relative movement of moisture out
of the concrete.

e  Capacitance-Impedance Method*°
This test relies on portable electronic moist-
ure meters that transmit strong radio waves
that are absorbed by water. Calibration of
the results obtained with this method
depends on knowing the mix design of the
concrete and the raw material used.

The polymer-flooring manufacturer can provide infor-
mation on the tolerance of a specific polymer flooring
system for free water or moisture migration. Polymer
flooring systems have been successful when applied
to concrete havinzq moisture transmission rates of
less than 15 g/m“/24 h (3 1b/1,000 ft/24 h) when
measured by ASTM F 1869.’

Moisture-vapor movement is dependent upon the
relationship between temperature and moisture con-
tent of two adjacent environments, the internal envi-
ronment of concrete, and the external environment of
the air surrounding the concrete.

If the vapor pressure in the air surrounding the con-
crete is lower than the vapor pressure within the con-
crete, moisture moves out of the concrete toward the
area of lower humidity. Practice has shown that an
effective method for reducing the moisture content of
concrete floor slabs is dehumidification with air move-
ment, which lowers the vapor pressure of air around
the concrete.

For these reasons, temperature and relative humidity
are usually measured during a test period. Moisture-
vapor test-kit values are generally not considered
useful in predicting possible problem areas unless the
tests are conducted in the environment in which the
floor is to be used. The air temperature and humidity
around the concrete during the test are the same air
temperature and humidity that are to be in place dur-
ing the useful life of the floor.

When testing concrete for moisture, not all moisture
tests provide sufficient information.*® The plastic-
sheet test, the mat test, conductivity meters, nuclear
gauges, and surface probes do not yield sufficient
information to ensure that moisture will not affect the
performance of the polymer flooring system. ASTM F
1869, commonly known as the “calcium chloride test,”
has been used extensively, and many flooring manu-
facturers are content with using this current industry
standard.*®**® It has been pointed out that this test is
only a determination of the moisture vapor emissions
at a particular point in time under vegy specific con-
ditions of temperature and humidity.4 Others have
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been comfortable with using this method provided a
vapor barrier is present. The surface rela-tive humid-
ity test, as described in ASTM E 1907, has similar
drawbacks. The subsurface relative humidity test,
ASTM F 2170,**® uses in situ probes and has been
proposed as a more accurate indicator of the mois-
ture within the concrete. There have been cases in
which moisture readings fluctuate significantly from
season to season and from section to section within a
floor.

(c) Moisture Problem Discovery

Occasionally, despite moisture testing, a problem is
not identified until after an impermeable polymer
flooring system is installed. Moisture problems with
polymer floor systems in slabs on grade often mani-
fest themselves as water-filled blisters containing
trace elements of various salts and organic com-
pounds. Blistering as a result of moisture is most
common in slabs on grade. Flooring failures caused
by moisture-induced blistering typically occur
between one month and two years after the flooring
system is installed. These blisters can vary in size
(diameter and height) and frequency. Some moist-
ure-induced blisters are dry when opened but show
salt residues on the inner surfaces—evidence of the
presence of moisture in the past.

Various theories have been proposed for the forma-
tion of water-filled blisters. All of these theories
include excess moisture as a necessary component.

Moisture vapor emission***°
Capillary pressure®®>?

Alkali silica reaction”
Osmosis44,52,54-57
Polymer cure interruption

8, 53

44,50,53-55, 58

(d) Moisture Problem Remediation

Once water blisters have occurred in a polymer floor
system, there is no known solution other than to
remove the affected areas and eliminate the source
of moisture. Efforts to direct distinct sources away
from the affected slab area have proved successful
where appropriate. See Section 5, Paragraph 3(a).
Barrier systems, applied as topical treatments to
exposed concrete, have been used successfully to
reduce moisture vapor emission rates to an acceptable
level prior to application of the polymer floor system.
Technologies used include but are not limited to the
following:

Alkali silicates
Polymer-modified
ments>**’
Controlled permeability underlayments*

e Fibrous mat systems as underlayments*’
Permeable flooring systems (limited use in
wet or chemical environments)

cementitious underlay-

Section 6: Surface Preparation

The process of preparing a concrete surface to receive a
polymer floor system and the methods for creation of con-
crete surface profile are included in ICRI Technical Guide-
line No. 03732.% Other surface preparation methods
include those described in ASTM D 4258,*° ASTM D
4260,° ASTM D 4262, SSPC-SP 13/NACE No. 6,%*
NACE Publication 6G191,% ASTM C 811, and ACI
515.1 R. The ICRI document also has a companion set of
molded castings to act as a physical and visual guide in
the definition of acceptable surface profiles for the appli-
cation of industrial coatings and polymer floor toppings.

Depending on conditions of the concrete, one or more
methods of surface preparation can be specified. It is
common for decontamination to precede mechanical pre-
paration, and, if necessary, a second decontamination
sometimes follows.

The objective of surface preparation is to produce a con-
crete surface profile that is suitable for application and
adhesion of the specified flooring system. The steps typi-
cally followed to produce a suitable surface include the
following:
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1. Inspection of the Concrete Substrate

Inspection of the concrete substrate is conducted to deter-
mine the general condition, soundness, presence of con-
taminants, presence of moisture vapor emissions, and the
best methods to prepare the concrete surface to meet the
requirements of the polymer flooring system. Hydropho-
bic contaminants can be identified by a simple water drop
test. A proper evaluation leads to the selection of the
proper tools and equipment to accomplish the objective.

2. Removal and Replacement of Nondurable Con-
crete

Removal and replacement of nondurable concrete is per-
formed prior to installation of the polymer system. Local-
ized weak or deteriorated concrete is removed and
replaced by sound concrete and structural repair mater-
ials.

3. Decontamination of the Concrete Surface

Decontamination of the concrete surface is the removal of
bond-inhibiting materials such as oils, grease, wax, fatty
acids, and other contaminants. This can be accomplished
by the use of detergent scrubbing, low-pressure water
cleaning (less than 35 MPa [5,000 psi]), steam cleaning, or
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chemical cleaning.64 The success of these methods is
dependent on the depth of penetration of the contaminant,
the contaminant’s viscosity, the concrete’s permeability, and
the duration of exposure. Note that in areas contaminated
with hydrophobic materials (oils, greases, fats), it may be
necessary to decontaminate, then blast to obtain the
required profile, and again decontaminate the blasted sur-
face as most decontamination procedures (e.g., water,
steam, or chemical cleaning) are only effective on the sur-
face and do not significantly penetrate the concrete. Other
contaminants can be identified by pH, infrared spectro-
scopy, or other chemical-analysis methods of testing. Acids
and alkalis can be removed by neutralizing to form a water-
soluble salt and then high-pressure water cleaning. In
areas where the contaminants cannot be removed, com-
plete removal and replacement of the contaminated con-
crete is typically considered.

NOTE: Decontamination methods that introduce large
amounts of water can contribute to moisture-related prob-
lems as referenced in Section 5, Paragraph 2(e). Visual
inspection is not always an accurate indicator of proper
decontamination or cleanliness.

4. Creation of Concrete Surface Profile (CSP)

Creation of surface profile can be accomplished by a hum-
ber of methods, each utilizing a selection of tools, equip-
ment, and materials dependent on the type of substrate to
be prepared and the type of system to be installed. The
service temperature, and type and thickness of the selected
polymer system also play an important role in the selection
process. The ICRI Technical Guideline No. 03732 provides
a comprehensive description of the methods of surface pre-
paration, the tools available, and the results of utilizing
those methods. The methods described include detergent
scrubbing, acid etching, low-pressure water cleaning, grind-
ing, steel shotblasting, abrasive blasting, high-pressure
water blasting, scabbing, and scarifying. Among the most
frequently used are:

(a) Steel Shotblasting

Steel shotblasting is the most commonly used and
the preferred method for preparation of concrete
floors. ICRI Technical Guideline No. 03732 describes
the selection of steel shot size and the resultant CSP.
The profile can also be affected by the speed at
which the machine is operated. Concrete floor sur-
face strengths vary from one floor to another and
even between different areas of the same floor. The
CSP is higher when blasting a concrete floor with a
weak or low-strength surface. On the other hand, a
hard trowel surface of high-strength concrete, prop-
erly cured, has sometimes required additional blast-
ing to create the desired CSP.

(b) Acid Etching

Acid etching, as described in ASTM D 4260, has
been used extensively (and in many cases, success-
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fully) to prepare concrete floors. When performed
correctly, this method is successful at removing lait-
ance and weak paste at the surface providing a rela-
tively uniform CSP. The most common acid used is
hydrochloric acid. Some of the problems associated
with its use are:

e The requirement to completely and exten-
sively neutralize and rinse the surface (not
always followed);

e Hydrochloric acid is not recommended
around exposed steel or on steel-reinforced
concrete because of the potential for chlor-
ide ion acceleration of steel corrosion;

e |t does not work well on vertical surfaces,
such as cove bases;

e It does not work if a curing membrane or
various other hydrophobic contaminants are
at the surface;

e Because acid etching introduces large quan-
tities of water to the concrete, additional
tests to determine the acceptable level of
moisture vapor emissions are necessary
after etching.

Recently, a field study was performed showing the
successful use of citric acid to etch concrete.®® This
material does not create the chloride-induced corro-
sion of steel as mentioned above and it successfully
removes the laitance and weak paste at the surface
providing a relatively uniform CSP.

Regardless of the method selected or tools employed, the
aim of surface preparation is to provide a surface that
accepts the application of polymer-based products and
allows the polymer to form a secure mechanical bond to
the concrete. The type of service to which the floor sys-
tem is to be subjected is a consideration when defining
the thickness of the applied floor system. The ICRI Meth-
od Selector recommends the CSP for various polymer
flooring systems. See Figure 1.

When using polymer floor systems that require crack iso-
lation and/or waterproofing membranes, additional surface
preparation concerns may arise. In addition to the normal
surface preparation outlined above, mortar splatter, pro-
trusions, ridges, penetrations, or sharp projections in the
surface of the concrete are normally ground smooth dur-
ing surface preparation.

5. Repair of Surface Irregularities

The repair of surface irregularities including spalls, cracks,
deteriorated joints, slopes, and areas near transition
zones, such as around drains and doorways, etc., has
been considered prior to placement of the polymer system
and/or the system has been designed to off-set (cover up)
the thickness of the irregularities. See SSPC-SP 13/NACE
No. 6 **for identification and repair of surface defects.
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Concrete surface profile

Coating to be applied | cs

Sealers o-3 mils (0- 75 um)

Thin-Film 4- 10 mils (100 - 250 yum)

High-Build 10 - 40 mils (250 - 1000 im)

Self-Leveling 50 mils - % inch (1250 um - 3 mm)

-

Polymer Overlay ' - v4inch (3 - 6 mm)

Preparation methods s o3

Detergent scrubbing

Low-pressure water cleaning

Acid etching

Grinding

Abrasive (sand) blasting
Steel shotblasting
Scarifying

Needle scaling

High/ultra high-pressure water jetting
Scabbling

Flame blasting

Milling/rotomilling

Figure 1. ICRI Method Selector

6. Testing and Inspection
Testing and inspection of the prepared surface takes into

account bond strength, profile, cleanliness, pH, and moist-
ure vapor emission. See Appendices B and C.
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Section 7: Polymer Flooring System Design

Polymer flooring systems for concrete are, by definition,
dependent on the structural concrete substrate to which
they are bonded and as such, behave as a composite
structure taking on the physical properties of the composite.
Specific information on design requirements for concrete
floor slabs can be found in various publications.

1.

Design Considerations
(a) Flooring Thickness

The desired thickness of a polymer flooring system is
typically determined by considering usage and wear
patterns to include the frequency of impact, abrasion,
and thermal stress to which the flooring system might
be subjected. The typical physical properties of com-
pressive, tensile, and flexural strength can be signifi-
cantly higher than the concrete substrate resulting in
a polymer floor system that has increased resistance
to wear from abrasion and impact. Impact loads are
dissipated in a conical pattern, from point of impact
through the surface into the concrete. As the force
penetrates the floor surface, the surface area of the
cone increases resulting in a decrease of the total
stress at the interface of the impact load and the area
of the cone. The greater the thickness of the polymer
floor system, the greater the resistance to chipping
and delamination from the impact stress at the bond

Sealant

Compressed Backer Rod

Flooring System

line. For areas subjected to significant abrasion or
gouging, increased thickness is typically used to max-
imize the extent of polymer flooring protection for the
concrete and extend the useful life of the flooring sys-
tem.

The ability of a polymer flooring system to resist
chemical attack is primarily a result of the chemical
resistance of the selected polymer system. For sel-
ect polymer flooring systems that are not affected by
the specific chemicals to which they will be exposed,
the thickness of the floor system is typically deter-
mined by the physical properties listed in Paragraph 1

(a).
(b) Isolation (Expansion) Joints in Slab

Isolation (expansion) joint movement is typically
allowed to continue through the polymer flooring sys-
tem. The flexible joint sealant width-to-depth ratio,
shown in Figure 2, is approximately 2:1. The detalil
might be constructed by terminating the floor system
at the vertical joint interface and then installing the
backer rod and sealant. Alternatively, the floor sys-
tem might be installed over the joint and allowed to
cure. The original joint line can then be saw-cut and
the backer rod and sealant installed.

L 4

Existing Concrete Substrate

Ny

q
- v
\_ Existing Isolation Joint

Material

Figure 2: Isolation (Expansion) Joint in Slab

The treatment of isolation (expansion) joints at floor-
to-wall junction depends on the needs of the facility.
In Figure 3, the joint is terminated at the vertical ter-
mination of the concrete floor slab. The expansion
board material is removed to a depth of at least half
the width of the sealant. The backer rod and sealant
are then installed. See Figure 13 for cove base detail
at this joint.
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(c) Contraction Joints, Construction Joints, and

Cracks®®

Many polymer flooring systems are designed for
impact and abrasion resistance. These systems are
often hard and sometimes brittle. For this reason
they are not designed to withstand elastic movement
and are prone to crack over the top of contraction
joints, construction joints, and random cracks in the
concrete slab. Other polymer flooring systems are
designed to be more flexible by using elastomeric
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Sealant

Backer Rod
Flooring System

xisting Concrete Substrate

Figure 3:

resin systems.67 Monitoring the movement of joints
and cracks can determine the need for elastomeric
crack-bridging membranes and floor systems.

The maximum theoretical expansion and contraction
at any specific contraction (control) joint is often
predicted using factors including the following:

e Shrinkage values as described in Section 5,
Paragraph 1 (d)

e CLTE values as described in Section 4, Par-

agraph 2

Age of the concrete

Thickness of the concrete

Length and width of the concrete section

Temperature range of the concrete

Temperature range of the surrounding envi-

ronment

Flooring System

I‘\l . - .
\_ Existing Isolation

Concrete or

¥ . L7 oMu wall, ete.

Joint Material

Isolation (Expansion) Joint at Floor/Wall Junction

Actual movement can vary as a result of many
factors. Therefore, any analysis using these para-
meters can only be used as a general guide.?*’

For ACI 302.1 R-96" Class 6 to 7 heavy-duty Indus-
trial floors, treatment of contraction joints, construc-
tion joints, or cracks that have shown evidence of dif-
ferential horizontal movement or have opened 1.6
mm (0.063 in.) or more are typically treated as illus-
trated in Figure 4. The concrete at the joint interface
is removed to a depth of 13 mm (0.50 in.) or more
and a width of 76 mm (3.0 in.) or more to allow for a
thicker build up of the polymer system to armor the
joint. The floor system is normally installed over the
existing joint and allowed to cure. The original joint
line is then saw-cut and the backer rod and sealant
installed.

Chip Concrete

v
. . 5 ra : s
Existing Concrete

Substrate

Figure 4: Contraction Joint, Construction Joint, or Crack at Heavy-Duty Floor Slab
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For ACI 302.1 R-96" Class 3 to 5 light-vehicular
industrial and commercial floors, treatment of con-
traction joints, construction joints, or cracks that have
shown no evidence of movement are typically treated
as illustrated in Figure 5. The concrete joint depth is
typically one-fourth the thickness of the concrete slab,
in accordance with ACI 302.1. The detail might be

Joint Sealant
Flooring System

constructed by terminating the floor system at the ver-
tical joint interface and then installing the backer rod
and sealant. Alternatively, the floor system might be
installed over the joint and allowed to cure. The ori-
ginal joint line is then saw-cut and the backer rod and
sealant installed.

Mark joint location for re-sawcutting after

flooring system installation

LY

/ :
L. Existing Concret

e Substrate

Figure 5: Contraction Joint, Construction Joint, or Crack at Light-Duty Floor Slab

Figure 6°7%®7% jllustrates the use of an elastomeric

layer over construction joints, contraction joints, and
shrinkage cracks. This layer is bonded directly to the
concrete and subsequently to the monolithic polymer
flooring system. This design might allow the mono-
lithic continuity of a bonded polymer flooring system.
It is dependent on the elastomer remaining flexible
throughout the expected service temperature range,

Flooring System

and provides for protection from reflective cracking
from the base concrete up through the polymer floor-
ing system. To further reduce the probability of exper-
iencing problems with stress concentration in the
form of reflective cracking over construction joints,
contraction joints, or cracks, reinforcement is some-
times added to the elastomer to enhance tensile
strength. See Figures 6 and 7.

Elastomer or
Reinforced Elastomer

Yo
Existing Concrete Substrate

Figure 6: Contraction Joint, Construction Joint, or Crack with Elastomer Underlayment at Light-Duty Floor

From ACI 302.1 R-96" Class 1 to 4 concrete floors
are designed for foot traffic and light vehicular traffic
in institutional and commercial facilities. Treatment of
contraction joints, construction joints, or cracks that
have shown no evidence of deflection are typically
treated as illustrated in Figure 6. The concrete joint
depth is typically one-fourth the thickness of the con-
crete slab. The detail might be constructed by filling
the exposed concrete joint to full depth with the

Slab
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elastomeric membrane and allowing the elastomer to
overfill to form an underlayment on either side of the
joint as in Figure 6. When concrete cracks are num-
erous, the detail might be constructed by installing a
continuous underlayment over the floor slab as illus-
trated in Figure 7. As an option, reinforcing fabric
might be laid into the elastomer in accordance with
manufacturers’ recommendations. See Figures 6
and 7.
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Flooring System ~\
|

Elastomer or

Reinforced Elastomer

| L Cracks

Existing Concrete Substrate

Figure 7: Contraction Joint, Construction Joint, and/or Crack with Reinforced Elastomer Underlayment at

Light Duty Floor Slab

(d) UV Light and Weathering Resistance

All thermoset polymeric materials degrade when
exposed to UV light. This degradation can result in
loss of gloss, color changes, chalking, or cracking.
Rainwater, condensation, humidity, and thermal
cycling can compound UV degradation. This degra-
dation can be reduced by the use of inorganic pig-
ments and fillers, UV absorbers, and free-radical
scavengers, as well as by the use of UV-resistant
topcoats.

(e) Textured Surface

In areas where foot traffic is expected and a floor
could be wet from spills, cleaning, or rainwater, pro-
viding a textured surface is an important safety factor.
Many polymer flooring systems include some type of
texture incorporated into the design of the surface.”
This texture can range from relatively smooth to
extremely rough. In almost all cases there is a trade-
off between texture (lack of surface smoothness) and
cleanability.”> An example is the food industry where
cleanability is imperative and often the floors are wet
and/or saturated with oils and fats, which dramatically
affects the coefficient of friction and makes the sur-
face difficult to clean. Textured surfaces are usually
created by one of the following methods:

e Brushing or rolling a texture (stipple) into a
thixotropic topcoat

e Adding aggregate into the resin when apply-
ing a liquid-rich sealing topcoat”

e Adding aggregate as a broadcast into the
wet resin after application to the floor

e Using a dry trowel-applied mortar system
with the surface unsealed

The type or roughness of a texture finish can be qual-
ified by the profile or peak height, the frequency or
amount of texture, i.e., the distance between peaks,
the angularity of the texture, or the sharpness of the
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peaks.”""® Although ASTM and Underwriters Labora-
tories, Inc. (UL)(1 ) are both standards-generating
organizations, and both specify 0.5 as the minimum
static coefficient of friction for a floor surface,g"76 they
are not regulators. Sacher’’ calls the 0.5 value only a
benchmark, but acknowledges it is essential that the
product yields a static coefficient of friction of at least
0.5. English78 has summarized numerous arguments
in a case to establish a minimum coefficient of friction
of 0.5 as the threshold of safety. The current federal
regulations in the U.S. include an obscure reference
to 0.5 by OSHA™ and a recommendation in the
Americans with Disabilities Act.”

(f) Aesthetics

Polymer flooring systems are often installed in loca-
tions to enhance the attractiveness of the facility.
Where aesthetics are of prime concern, the owners’
representative typically consults directly with the poly-
mer flooring system manufacturer and installing con-
tractor to review the capabilities of the selected system
and the conditions of the facility, maintenance, and
protection from other trades if applicable.

Terminations
(@) Floor

For applications in which the polymer flooring system
is not designed to cover the entire floor, the concrete
at the perimeter of the polymer flooring is often termi-
nated at a sawcut, with the concrete removed verti-
cally down to the depth of the floor system and hori-
zontally back into the floor area to be installed
approximately 100 to 150 mm (4 to 6 in.) (see Figure
8). This technique, called “keying in,” has been used
to help the polymer flooring system resist under-
cutting, peeling, or delamination stress to which a
system is subjected as a result of traffic, thermal
movement, or water penetration.

@9 ynderwriters Laboratories, Inc. (UL), 333 Pfingsten Road, Northbrook, IL 60062-2096.
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Chip concrete back from
sawcut for transition

Existing Concrete
Floor or Other

Flooring System
—I Finish
i D P i
L b |
. R
o
.‘..? ¥ 9 ‘ <
N 9 'I? 9 2
¥/ * 7 I
f L Sawcut Termination
Existing Concrete Substrate
Figure 8: Leading Edge Floor Termination Design
Terminations also occur at various embeds that unsleeved (Figure 11); or pipe-floor penetrations,
include but may not be limited to angle irons (Figure sleeved (Figure 12).

9); floor drains (Figure 10); pipe-floor penetrations,

Chip concrete back from
sawcut for transition

Flooring system

Embedded Plate or

Angle Iron

ey ST (TP 2P T i |

- ' q‘

A 3

w. -

S RS

'B-‘.q i i ¥
Sawcut —J Existing Concrete Substrate

Figure 9: Floor Termination Design at Embedded Angle Iron or Plate

Cast-in-Place

Floor Drain ) Chip concrete bac_k_from
Flooring System sawcut for 1ransnt{on
-l around floor drain
P .h - e i l'_‘.l"_T o SR = - T
L] - w
- ¥ k) ’ v o r " g 3}
L * ¥ - u
v * » o G
n B ¢ a 1

Existing Concrete Substraiek

Figure 10: Floor Termination Design at Floor Drain
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Existing Pipe or Sleeve

Cant Cove
Flooring System

- fta==, 5 >
S . 1 m : -
P - < . T - ;
&= 1"? i .Y ':)
- ..? & I i
/!' ) v :

SN—
Existing Concrete Substrate

Figure 11: Floor Termination Design at Unsleeved Pipe Penetration

T/—Existing Pipe or Sleeve

Sealant

Backer Rod

Flooring System

':,.1, ".

F

| 22 -

Existing Concrete | \— Existing Pipe Sleeve
Substrate

Figure 12: Floor Termination Design at Unsleeved Pipe Penetration

(b) Wall wainscot, a number of termination methods are pos-

sible depending on the desired function, materials of
construction, and desired final appearance. Figures
13 to 18 provide illustrations of several methods.

For applications in which the polymer flooring system
is required to turn up a wall surface as a cove or a
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s
Concrete or CMU L ‘ o
Wall, etc. Vertical Termination
Rolled Radius at Cove
= ;
. Flooring System
3
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Existing Concrete Substrate

Figure 13: Rolled Radius Cove Base Detail

Wall—1— Premanufactured Cove Strip
Rolled Radius at Cove
Flooring System
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Existing Concrete Substrate

Figure 14: Cove Strip Cove Base Detail
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Figure 15: Pre-Cast Cove Base Detail
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Cove Base
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Flooring System
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Figure 16: Gypsum Wall Board Cove Base Detail
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Backer Rod

Concrete or
X "// CMU Wall, etc.

Joint Board
Rolled Radius Cove Base

Flooring System

Existing Isolation
Joint Material

Existing Concrete Substrate

Figure 17: Isolation (Expansion) Joint and Cove Base Detail at Floor/Wall Junction
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Figure 18: Radius Cove Base Detail
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3. Adhesion®

Most flooring systems depend on the concrete substrate
for structural integrity. Maintaining adhesion to that sub-
strate, even after weathering and chemical exposure, is
an important property of a flooring system. Maintaining
intercoat adhesion in multi-layer coating systems and
patching materials is also a consideration in the selection
of a complete system.

Properties of the concrete substrate that affect adhesion
include surface strength, profile, cleanliness, porosity, and
moisture content. Relevant properties of the primers

include viscosity, surface tension, physical strength,
chemical affinity for the concrete, and resistance to alkalis
and hydrolysis. For multi-layer systems, the relevant
properties also include the amount of amine blush in
epoxies, the amount of wax in unsaturated polyesters and
vinyl esters, and numerous application-related phenom-
ena. Any failure mode, other than cohesive failure in the
concrete, indicates potential adhesion problems. Minimum
adhesion to concrete reflects the anticipated tensile
strength of the concrete which can be estimated to be
between 6 and 8% of its compressive stren%th. Typically
this ranges from 1 to 2 MPa (200 to 300 psi). 0

Section 8: Materials Used for Polymer Flooring

Polymer flooring system formulations and designs are pro-
prietary. The manufacturer is the best source of information
on the application, installation, performance, designs, and
verifiable field histories of its specific materials and systems.
This section provides an overview of typical generic polymer
flooring systems. The properties and performance of a
flooring system within a generic classification vary.

1. Polymer Types

The physical and chemical resistance properties for the
most common generic materials used as protective polymer
flooring systems can vary widely as a result of polymer
modifications, mixtures (hybrids), plasticizers, fillers, rein-
forcement, and curing conditions. Section 4 explains the
importance of specific polymer flooring properties and dis-
cusses some methods used to overcome the deficiencies of
a given polymer.

(a) EpOXieS 35,81,73,80, 82-84

Thermoset epoxies are polymers that are reaction
products of epoxy resins and various hardeners.
Common epoxy resins include bisphenol A, bisphenol
F, and phenol novolac-based epoxy resins. Com-
monly used hardeners include aliphatic amines,
cycloaliphatic amines, amidoamines, and polyamides.
Numerous modifiers, diluents, and solvents are often
included in various formulations. The properties of
epoxy polymer systems for flooring applications range
from hard and brittle with good to excellent chemical
resistance, to flexible elastomers with reduced chemi-
cal resistance. Novolac-based epoxy resins reacted
with aliphatic or cycloaliphatic amines produce poly-
mer flooring systems with high cross-link densities
and excellent chemical resistance. Historically, aro-
matic amines were commonly used in high-chemical-
resistant formulations, but toxicity concerns and regu-
lations have significantly reduced their current use.

(b) Unsaturated Polyesters (UP)85
Unsaturated polyesters are polymers that are reaction

products of UP resins and peroxide initiators. The
reaction products of saturated and unsaturated acids
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and polyols are common UP resins. The resins are
diluted with a vinyl coreactant, usually styrene.
Methyl ethyl ketone peroxide, cumene hydrogen per-
oxide, and benzyl peroxide are common initiators for
UP resins, while cobalt or tertiary amines are used to
promote the reaction. The common unsaturated poly-
ester polymer floorings exhibit high strength and good
chemical resistance, but they are prone to shrinkage
and air inhibition during curing.

(c) Vinyl Esters (VE)*®*%

Vinyl esters are polymers that are reaction products
of VE resins and peroxide initiators. The reaction
products of methacrylic acid and epoxy resin (bis-
phenol A, F, or novolac) are common VE resins.
These resins are typically diluted with a vinyl coreact-
ant, usually styrene. They can also be modified with
elastomers. Methyl ethyl ketone peroxide, cumene
hydrogen peroxide, and benzyl peroxide are common
initiators for VE resins, while cobalt or tertiary amines
are used to promote the reaction. The common vinyl
ester polymer floorings exhibit high strength and good
chemical resistance, but are prone to shrinkage, air
inhibition during curing, and limited shelf life.

(d) Polyurea®

Thermoset polyureas are elastomeric polymers that
are reaction products of amines and isocyanates.
The elastomeric qualities can exceed 500% elonga-
tion. These products are typically used in flooring,
coating, lining, and jointing applications. They can be
subclassified as either aromatic or aliphatic. Aliphatic
polyureas have better color stability and UV resist-
ance than aromatic polyureas. Polyurea materials
set within seconds and fully cure within hours. Mix-
tures of polyols and amines are often reacted with
isocyanates to produce polyurethane/polyurea hy-
brids.

(e) Polyurethane®**

Thermoset polyurethanes are polymers that are the
reaction products of polyol resins and isocyanates.



Many classes and types of polyols, amines, and iso-
cyanates are commonly used to produce polymer
floors. Polyurethanes can be subclassified as elasto-
meric (>100% elongation) or nonelastomeric (<100%
elongation). They are also classified as either aro-
matic or aliphatic, depending on the type of isocy-
anates used. Polyurethane floorings can range from
high strength with good chemical resistance to very
flexible with reduced strength and chemical resist-
ance. Polyurethanes are sometimes used with cem-
ent and aggregate blends to form hybrid cementi-
tious/urethane floor systems.

(H  Acrylic*?

Acrylics used in polymer flooring installations usually
consist of a mixture of high-molecular-weight acrylic
resins that are coreacted with methyl methacrylate in
a free-radical polymerization initiated by benzyl per-
oxide. Acrylics can vary in strength and flexibility
depending on the choice of raw materials. However,
like unsaturated polyester and vinyl ester polymer
floorings, these materials are prone to shrinkage and
air inhibition during curing.

67,69

(g) Epoxy Elastomer

Thermoset epoxy elastomers are polymers that are
reaction products of proprietary elastomeric materials
with epoxy backbone and/or amine hardeners. The
uses of epoxy elastomer systems for flooring applica-
tions range from crack-bridging membranes to wear-
resistant and chemical-resistant resilient overlays.
These systems maintain their elastomeric properties
at temperatures below freezing.

(h) Other Thermoset Polymers

Other thermoset polymers occasionally used in poly-
mer flooring systems include chemically cross-linked
elastomers, and chemical hybrids such as epoxy
phenolic, polyurethane-modified epoxy, acrylic ure-
thane, polysulfide, and epoxy siloxane

Reinforcement and Fillers
(a) Silica Fillers

Silica fillers (including silica sand, glass, quartz, and
various silica-containing minerals) are the most com-
monly used fillers for polymer floors. They are used
at levels of up to 80% by weight, and can range in
size from less than 1.0 um (0.04 mils) to one-fourth
the polymer flooring thickness. Silica fillers are avail-
able in round or angular particles, glass flakes, and
mica. They are sometimes treated with functional
organo-silanes for enhanced workability, improved
physical properties, reduced porosity, and increased
chemical resistance. The advantages of using silica
fillers include reduced cost, reduced permeability,
decreased curing shrinkage, and CLTE, as well as
increased chemical and creep resistance. The disad-
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vantages usually include reduced flexibility and
reduced tensile strength.

(b) Carbon Fillers

Carbon and graphite fillers cost more than silica and
other fillers and are generally used only when their
specific properties are desired. Like silica fillers, they
can be used at high levels, can range in size from 1.0
um (0.04 mils) to one-fourth the polymer flooring
thickness and can be round or angular particles or
flakes. Carbon and graphite fillers are conductive
and can be used in conductive primers and conduct-
ive floor systems. They are resistant to chemicals
such as hydrofluoric acid, hydrofluosilicic acid, sod-
ium hypochlorite, and concentrated alkalis, that can
rapidly attack silica-based fillers. In addition, they are
nonsparking, allowing for use in polymer flooring
applications requiring spark-resistant surfaces. In
addition to these special properties, carbon fillers
reduce permeability, curing shrinkage and CLTE,
while increasing chemical and creep resistance. The
disadvantages include reduced strength, flexibility,
and hardness, as well as a limited color selection.

(c) Other Functional Fillers

Pigments such as titanium dioxide and other inor-
ganic oxides are used primarily for aesthetic pur-
poses and to protect the polymer from UV degrada-
tion. Pigments can also reduce permeability.

(d) Fiberglass Fabric Reinforcement®*®

Fiberglass is sometimes used as structural fabric
reinforcement in polymer flooring systems. It is parti-
cularly useful in applications requiring a monolithic
structure. Chopped-strand mat, woven fiberglass fab-
rics, engineered fabrics, and surface veils are com-
monly used. Polyester, vinyl ester, and epoxy poly-
mer flooring systems often use fiberglass reinforce-
ment. Fiberglass-reinforced polymer flooring applica-
tion techniques are similar to those used in other
industries and include hand lay-up, chopper-gun, and
spray application with or without a chopper-gun
attachment. Reinforcement levels of up to 50% by
weight are possible. Fiberglass reinforcement
increases tensile strength, flexural strength, compres-
sive strength, impact resistance, and crack-bridging
performance of polymer flooring systems. In addition,
fiberglass reinforcements  distribute  shrinkage
stresses during polymerization of polyester and vinyl
ester resin systems. However, the use of fiberglass-
reinforced polymer flooring systems can increase the
structural integrity beyond the capability of the floor-
ing/concrete interface, which can increase the possi-
bility of delamination.

(e) Other Fabric Reinforcements®

Polyester, aramid, and carbon fibers can also be
used as fabric reinforcement for polymer flooring sys-
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tems. These fabrics are typically more expensive
than fiberglass and are used only for special appli-
cations in which their specific engineering properties
are desired. Examples include the use of polyester
fabric reinforcement to replace fiberglass in appli-
cations in which exposure to hydrofluoric acid, hydro-
fluosilicic acid, or sodium hypochlorite are expected.

3. Alternative Systems

Protective systems other than thermoset polymer flooring
systems include acid-resistant brick, quarry tile, polymer
concrete, and polymer-modified concrete.

Section 9: Installation

Concrete Cure and Surface Preparation

See Sections 5 and 6.

2.

Patching of Concrete Surface Imperfections
(@) Types of Imperfections

Some systems, such as trowelled systems and high-
build leveling systems, can tolerate minor imperfect-
tions without repairs. However, concrete defects
such as voids, bugholes, excess porosity, and phys-
ical and chemical damage are usually filled or
repaired prior to installation of the polymer flooring
system. Most polymer flooring systems cannot be
successfully applied until defects and damage are
repaired and adequately cured, although some sys-
tems can be applied immediately after patching.

(b) Patching Materials

Materials such as slurries, mortars, and polymer con-
crete are used to level, smooth, and patch concrete
surfaces to provide a substrate that is suitable for the
application of a polymer flooring system. These mat-
erials are normally applied after initial surface prepar-
ation and, when properly selected and applied, have
the following characteristics:

Good adhesion

Adequate strength

Low volumetric shrinkage

Compatibility with the polymer flooring to be
applied

Proper consistency for the installation
Adequate cure time

Shrinkage of a patching material can reduce the
adhesion of that material to the concrete substrate.
For this reason ACI 503 R provides information and
suggestions on the use of epoxy compounds with
concrete to promote adhesion.*® Differences in ther-
mal expansion between the concrete, patching mater-
ial, and polymer flooring system can cause stresses
during thermally induced movement that can reduce
adhesion between these layers.

The most common types of patching materials are
polymer-modified cementitious, and materials made
from the same type of polymer resin materials as the
selected polymer flooring system. Cementitious mat-
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erials generally cost less than polymeric materials,
but polymeric materials generally cure faster and
have higher strength, better adhesion, and increased
chemical resistance.

Patching materials are available for installation to hor-
izontal surfaces by a variety of methods. Some are
designed as slurries for self-leveling applications
while others are designed as mortars for slope-and-fill
applications or for deep patching applications. Still
others are designed for vertical applications in those
conditions for which a vertical cove might be desired.

The repaired section is typically evaluated to deter-
mine whether to perform additional surface prepara-
tion prior to polymer flooring installation.

3. Priming
(a) Materials

A primer is considered part of the polymer flooring
system and is typically formulated with a resin system
compatible to that of the body of the polymer flooring
system. Desirable attributes of a primer include
excellent adhesion; low surface tension; and low vis-
cosity to wet-out, penetrate, and seal the porous con-
crete surface. Because concrete is an alkaline mat-
erial and moisture is often present, the properly
chosen primer is resistant to alkali and has the ability
to cure in the presence of moisture. (See Section 5,
Paragraph 2 [e]).

The use of solvent-based materials as primers on
concrete substrates is common. Water is a natural
solvent and formulations of water-based primers have
become more common as well. However, the
stresses introduced from the shrinkage of these
primers and the time required for sufficient evapora-
tion of the solvent prior to applying the next coat are
important factors to consider.

Conductivity in concrete can range significantly
depending on concrete materials used, density,
mass, and moisture content, as well as size, location,
and quantity of reinforcing steel used. If the con-
ductivity of the concrete floor is low and discontinuity
testing is specified for the polymer flooring to verify a
holiday-free installation, a conductive primer can be
used to ensure effective discontinuity testing. (See
Appendix C).



(b) Installation

Primers are typically applied to concrete surfaces
using a squeegee, roller, brush, or spray equipment.

(c) Out-Gassing

Concrete contains air. When the temperature of the
concrete rises the air in the pores expands. If liquid-
polymer flooring materials are being installed onto
concrete that is in this condition, out-gassing is likely
to occur. This out-gassing can produce pinholes or
blisters in primers and polymer flooring systems. To
reduce the risk of pinholes, the primer and polymer
flooring are usually applied when the concrete
temperature is constant or decreasing.

Polymer Flooring System
(@) Materials

Polymer flooring systems typically include a single-
component or multiple-component resin system, one or
more aggregate blends, and optional fabric reinforce-
ment.

Material storage under adverse conditions or beyond
the shelf life of a resin system can affect the condition
of the materials and the properties of the polymer floor-
ing system. Manufacturers recommend that most poly-
mer flooring materials be stored at 10 to 30°C (50 to
86°F). However, it is not uncommon for materials to be
subjected to temperatures as low as -10°C (14°F) or as
high as 60°C (140°F) during shipping. These adverse
conditions can cause resin materials to crystallize or
polymerize.

Multi-component polymer resin and hardener mater-
ials are designed and formulated by the manufac-
turer to be blended at specific ratios to produce the
typical physical properties. Deviation from the pre-
scribed mix ratio affects these properties and the
chemical resistance of the flooring system. Accel-
erators and initiators in unsaturated polyester and
vinyl ester systems are sometimes added in the field
to adjust for environmental conditions or accelerate
the cure of the polymer flooring. These are typically
added at rates that vary from 1 to 2% by volume as
they only control the rate at which the polymerization
of the system occurs.?® Most epoxy and urethane
systems are designed to be mixed at a specific ratio
that may range from 1:1 up to 6:1 by volume. Devi-
ating from the prescribed mix ratio almost always sig-
nificantly affects the performance of the product.

(b) Installation Methods
Mixing
The most common method for mixing two- or three-

component liquid materials utilizes a mixing blade
attached to a power drill or motor. For aggregate-
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filled systems, either bucket mixers with 20-L (5-gal)
buckets rotated around a mixing blade by an attached
motor assembly, or traditional gas-or electric-powered
mortar drum mixers are most often used. While man-
ual mixing can sometimes be adequate to thoroughly
mix the materials, it is time consuming and difficult to
accomplish on a consistent basis. Resins containing
pigment and fine fillers can separate or settle during
storage and shipping. The component containing the
pigment and filler is often individually mixed before
mixing with the other component. The mixed liquids
are then mixed with the aggregate if required by the
system design.

Application

e Roller Application: The most common meth-
od of installing thin-film flooring systems is
by use of the squeegee-and-backroll or dip-
and-roll method.

e  Spray Application: One- and two-component
materials that do not contain large fillers are
occasionally applied using spray equipment.
Air-assisted or high-volume, low-pressure
(HVLP) spray equipment can be used for
one-component or premixed two-component
materials. Plural-component, high-pressure,
airless-spray equipment with heated lines
and air-assisted spray guns are commonly
used to apply high-viscosity or short-pot-life
two-component, high-solids materials.

e Troweling is commonly used for applying
aggregate-filled systems after placement by
screed box, gauge rake, or screed form.

e Liquid-rich systems are generally applied to
floor surfaces by self-leveling methods such
as pouring, using a notched squeegee, and
back-rolling with a spiked roller. Aggregate
can be broadcast into a liquid system to
imbed the aggregate for the purpose of pro-
viding a texture and/or to build the thickness
of the system.

(c) Reinforcement®

Methods for laminating fabric reinforcement into poly-
mer flooring systems include the use of conventional
hand lay-up techniques and chopper-gun attach-
ments for one- or two-component spray equipment.
Whichever method is used, the saturating resin is
usually mechanically worked into the reinforcement
with ribbed or serrated rollers to completely saturate
the reinforcement and to eliminate any entrapped air.
This is especially important at corners, edges, and
overlaps.

(d) Multilayer Recoat Windows

Proper intercoat adhesion between layers of a multi-
layer polymer flooring system is essential for ade-
quate performance. Each layer is mechanically and/
or chemically bonded to the previous layer. The time
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between installation of different layers is referred to
as the recoat window. This is typically defined as the
time of earliest opportunity to apply subsequent
layers and the latest possible time to apply subse-
quent layers to ensure chemical bond between the
two layers. The recoat window is usually defined by
the polymer flooring manufacturer.

(e) Environmental Conditions

Thermoset resins are affected by temperature. The
temperature of the polymer flooring material, the con-
crete substrate, and the surrounding air affect the
workability, cure rate, and the resulting physical pro-
perties of the flooring system. Although special for-
mulations are available, typical systems are designed
to be installed within a relatively narrow range of tem-
peratures, from 10° to 32°C (50° to 90°F). Lower
temperatures can increase viscosity, reduce the
evaporation rates of solvents or volatile co-reactants,
and reduce the cure rate. Higher temperatures tend
to reduce viscosity, increase the evaporation rate,
and accelerate the cure rate. Installations at tem-
peratures exceeding the designated range can result
in increased residual stress from shrinkage and
reduced physical properties.

Excessive moisture can profoundly affect the cure of
many thermoset materials commonly used in polymer
flooring installations. Moisture might be present as a
result of residual water in the concrete, water con-
densed on the concrete, high humidity, rain, or a high
water table. The effects of excess moisture include

blushing of amine-cured epoxies, cure inhibition of
unsaturated polyesters and vinyl esters, poor film for-
mation in water-based polymer floorings, and carbon
dioxide formation in polyurethanes.

Excessive air movement can affect polymerization of
the system and the resultant physical properties.
However, stagnant air in confined areas can inhibit
the cure on the surface of systems containing styrene
or methyl methacrylate that use a coating containing
a wax in solution.

(f) Cure

Polymerization (cure) of thermoset resin materials is
a complex function of time, temperature, and chemi-
cal formulation. In most cases, the selected polymer
flooring system has been formulated to cure as rap-
idly as possible while providing sufficient working time
for mixing and application. Both the physical strength
and the chemical resistance of a polymer flooring
system increase as the system cures. Each layer of
a multilayer system is typically formulated to cure as
soon as possible so as to support the traffic of the
installing mechanics, tools, and equipment.

Thermoset resin materials can be formulated to cure
slowly at elevated temperatures or quickly at lower
temperatures. Polymer flooring system manufacturers
can provide additional information on the perform-
ance of particular resins.

Section 10: Testing and Inspection

1. Testing

Testing methods used to quantify the properties of installed
polymer flooring systems include evaluations of the con-
crete substrate and polymer flooring thickness, discontinuity
testing, and evaluation of the cure. Information about the
latter three items can be found in Appendix C.

2. Inspection

Routine inspections of polymer flooring installations can
prolong the service life of the system. Early detection of
defects often allows for the repair of polymer flooring sys-
tems prior to undercutting and substrate damage. Prob-
lems often noted during routine inspections include:

e Chemical degradation (color change, etching,

flaking, softening, or swelling)

e Physical damage (impact cracking, indentation,
gouging, or tearing)

e Disbondment (blistering, undercutting, or shear-
ing)
Cracking at joints, edges, or corners
Weathering (chalking or crazing)

Because delamination is often not visually evident, polymer
flooring surfaces are often tapped with a metal object to
check for delamination. The chain-drag method of ASTM D
4580% is also useful in detecting delamination or hollow
areas. Cracking might not be visually evident when the
polymer flooring is expanded as a result of elevated temper-
atures but can be checked by applying water or a dye, or by
waiting until the polymer flooring temperature is lower.

Section 11: Maintenance

Once a polymer flooring system is installed and fully cured
in accordance with the manufacturer’'s recommendations
(see Section 9), the expected length of protective service
provided by the polymer flooring system depends on the
care and maintenance provided. This care normally con-

29

sists of regular maintenance (cleaning and caring for the
polymer floor) and repair (fixing areas that have been
impacted, abraded, or otherwise damaged during ser-
vice). Regular maintenance and repair ensure that the full
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economic and protective value of the flooring system is
realized.

The maintenance of a polymer flooring system can be
accomplished in several ways. Sweeping, vacuuming, or
rinsing can keep grit, metal filings, or processing powders
from being ground into the coating if done regularly.

A polymer floor achieves its full life expectancy only if
physical abuse to the flooring system is minimized.
Examples of physical abuse include dragging pallets
across the floor or dropping the front forks of lift vehicles,
tools, piping, or equipment that is being worked on over-
head. Floors can also be exposed to fuels, hydraulic fluid,
lubricating oils, and other chemicals. Allowing chemicals
to remain on a polymer floor surface can lead to pre-
mature coating failure. Immediate removal of liquid con-
taminants as part of normal housekeeping activities can
prevent staining, discoloration, and degradation of the
polymer flooring system and minimize slipping hazards.

Liquid detergents, water, and/or other compatible cleaning
agents are often used with cleaning machines or scrub-
bers to clean floors that are required to be at a high level
of cleanliness or “like-new” condition. This can be done
weekly or as often as needed. Because bristles or pads
can scratch the coating, mechanical scrubbers, buffers, or
sweepers that have soft bristles are used. After cleaning,
all of the dirty cleaning solution is removed and the floor is
rinsed thoroughly. Dirty cleaning solution remaining on
the floor can attract contaminants that make them more
difficult to remove in the future.

Steam cleaning is sometimes used to clean floors. How-
ever, the thermal shock of near-boiling water on an ambi-
ent temperature polymer floor system can cause the sys-
tem to shear off the substrate. Even though the surface of
the system may not have cracked from thermal shock, the
coating may eventually begin delaminating. See Section
4, ltem 3.

Section 12: Repair

Polymer flooring systems can crack, chip, or break as a
result of shrinkage, thermal movement, structural move-
ment, the impact of dropped tools and equipment, or the
abrasive effect of wheeled vehicles. In order to maintain a
polymer flooring system in top condition and to prevent
further deterioration, repairs to damaged areas are typi-
cally made soon after discovery.

Occasionally, concrete surfaces exposed after chipping,
cracking, or breaking of the polymer flooring system can
become soiled with oil, dirt, process chemicals, or other
foreign contaminants. These can prevent the adhesion of
polymer flooring repair materials. In such cases, the con-
tamination is normally removed or neutralized before
repairs begin. This activity is identical to the surface pre-
paration that would be performed on the original, undam-
aged concrete floor. Although repaired areas are of a
smaller size, it is just as important to have a properly pre-
pared repair area as it is to have a properly prepared con-
crete surface prior to application of a complete polymer
flooring system.

Section 13:

Numerous health, safety, and environmental regulations
address worker safety, a topic beyond the scope of this
report. Potentially hazardous materials encountered dur-
ing the handling and installation of polymer flooring sys-
tems include:

The chemicals to be contained

Cleaning solutions

Abrasive media

By-products of surface cleaning and preparation
Liquid resins

Catalysts and solvents in polymer flooring mater-
ials

The procedures used for a successful repair are similar to
those used in a typical initial installation:

(a) Delaminated or damaged polymer floorings and
concrete are removed until only sound concrete
(or sound, bonded polymer flooring) remains.
Contamination is removed.

The existing concrete and/or polymer flooring is
properly prepared.

Cracks are repaired.

The repaired polymer flooring system is tested
for adhesion.

(b)
(©

(d)
(e)

Often with the impact of heavy loads and the transfer of
heavy objects by vehicular traffic, the polymer joint sys-
tems of concrete and polymer flooring typically require
repair and maintenance.

With repairs and regular maintenance, a polymer flooring
system can provide many years of service.

Health and Safety
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Material safety data sheets are a source of information on
the hazards and handling of hazardous materials. and
“Good Painting Practice: SSPC Painting Manual® and
NACE Publication TPC 2% provide information on safety
during polymer flooring installation.
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Appendix A: Classification of Chemicals

The following list provides examples of typical chemicals in
each chemical classification mentioned in Section 4.

1. Mineral Acids
Sulfuric
Nitric
Hydrochloric
Hydrofluoric
Phosphoric
Chromic

2. Organic Acids
Formic
Acetic
Acrylic
Adipic
Terephthalic
Fatty Acids

3. Oxidizers and Oxidizing Acids
. Nitric Acid
. Chromic Acid
. Peroxides
. Hypochlorites

4. Alkalis
. Sodium Hydroxide
. Calcium Hydroxide
. Ammonia

5. Chlorinated Solvents
. Methylene Chloride
. Ethylene Dichloride

6.  Oxygenated Solvents (often subdivided as follows):
a)  Alcohols

. Methanol
. Ethanol
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. Ethylene Glycol
. Phenol

b)  Ethers
. Diethyl Ether
. Glycol Ethers
. Propylene Oxide

c) Ketones
. Acetone
. Methyl Ethyl Ketone

d) Esters
. Vinyl Acetate
. Butyl Acetate

7. Hydrocarbon Solvents (often subdivided as follows):

a)  Aliphatic
. Butane
. Hexane
. Cyclohexane
. Butadiene

b)  Aromatic

Benzene
Ethylbenzene
Styrene
Xylene
Toluene
Cumene

8. Salt Solutions

. Nitrates
Chlorides
Sulfates
Phosphates
Chromates
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Appendix B: Flooring System Materials Test Procedure

The following is a list of test methods that can be
used to quantify the physical properties of a speci-
fic polymer flooring system and verify its compati-
bility with a specific environment. Materials quali-
fied for a specific application are usually based on
testing of new lab-applied materials; performance
can vary for materials that were applied in field
conditions and have weathered. This Appendix is
provided for optional reference only and is not to
be considered a list of guidelines for compatibility
testing.

Chemical Immersion Testing

Although floor systems are not designed to be
subjected to immersion, some applications may
have such a frequency of spillage that the owner's
representative would prefer to install a polymer
flooring system that is capable of withstanding
complete immersion in the defined environment

Immersion Testing

Immersion testing is performed with a molded or
free-film sample of the polymer flooring (no sub-
strate) that is immersed in the chemical (or water)
and monitored for changes in properties and
appearance.

e ASTM C 267% Chemical resistance test
ASTM C 413% Water absorption test
ASTM D 543 Chemical resistance
test

e ASTM D 1308 Household chemical
test

Physical Testing
Tensile Strength
e ASTMC 307'%®
e ASTMD 412'®
e ASTMD 638"
Modulus of Elasticity and Elongation
e ASTMD 412
ASTM D 638
e ASTMC580'*
Flexural Strength

e ASTMC580
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Compressive Strength

e ASTMC579'®
Fracture Toughness

e ASTM D 5045
Impact Resistance

e ASTMD 2794'®
Permeability

e ASTME 96
Adhesion Testing
Testing for adhesion after various exposure tests
might be a better indicator of expected perform-
ance. For example, adhesion testing can be per-
formed after immersion testing, after UV exposure,
after impact testing, and after thermal cycling.

e ASTMD 4541

ACI 503 R, Appendix A

e ASTMD 3359'”
Thermal Testing
The effect of temperature and heat on polymer
floorings can be quantified by using the standard-
ized tests listed below.

Shrinkage

e ASTMC531™°
e ASTMC 883"

Thermal Expansion

e ASTMC531
e ASTMC 8842

Maximum Temperature

e ASTME 1356
e ASTME 1824

UV Testing

e ASTMD 4587™°
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Appendix C: Flooring Systems Test Procedures

The following test methods can be used to quantify
the properties of an installed polymer flooring sys-
tem. This section is provided for optional reference
only and is not to be considered a list of guidelines
for testing methods.

Polymer Flooring Thickness

e ASTM D 4414"° is a wet-film thickness
test that is performed during polymer
flooring installation.

e ASTM D 4138 is a destructive method
that is not accurate on concrete unless
numerous specimens are tested.

e ASTM D 6132"% is a nondestructive
method of measuring the thickness of
cured polymer floorings on concrete
using an ultrasonic gauge.

Discontinuity Testing”®

High- or low-voltage electrical charges to detect
discontinuity, holidays, or pinholes in the coating

e ASTMD 4787*°
NACE Standard RP0188'%

Cure Evaluation

ASTM D 2583"?! Hardness Test

ASTM D 5402 Solvent Rub Test
ASTM D 4541 Portable Adhesion Test
ASTM D 3359 Adhesion by Tape Test
ACI 503 R* Appendix A, Adhesion Test

Coefficient of Friction (Slip Resistance)

e ASTM D 2047 James Machine friction
measurement

e UL Standard 410"’James Machine with
leather, dry, wet, or oily

e ASTM D 4518 Static friction on
inclined plane

e ASTM C 1028™* Dynamometer pull on
dry or wet surfaces

e ASTM F 462'® Brungraber test for
bathing facilities

e ASTM F 1679'*° Portable test for wet or
dry surfaces

ASTM D 2047 is a laboratory test method using
the James Machine, and although specifically
designed for testing flooring materials that are
polish coated, it is commonly used to test floor
coatings and flooring systems, and contains a
compliance criterion of 0.5 minimum on a dry
surface. UL Standard 410 has an expanded
scope covering humerous types of floor covering
materials and also uses the James Machine
apparatus and a leather shoe dry, coated with
water or coated with cutting oil. UL 410 also
specifies a minimum pass criterion of 0.5 aver-
age (0.45 minimum) static coefficient of friction.
UL tests and certifies flooring systems to meet
this standard. ASTM D 4518 measures the static
friction of coated surfaces using an inclined
plane or, along with ASTM C 1028 by a hori-
zontal pull method on dry or wet surfaces using a
dynamometer. ASTM F 462, the Brungraber
test, specifically designed for bathing facilities,
and F 1679 are also portable tests that may be
used to measure the static coefficient of friction
of wet or dry floor surfaces. The ATBCB®
reported on a comparison of the various portable
slip machines and found the Brungraber Tester
(ASTM F 462) was recommended as the best
portable device for measuring slip resistance
under dry conditions.

@2 u.S. Architectural and Transportation Barriers Compliance Board (ATBCB) (also known as “The Access Board”), 1331

F Street, NW, Suite 1000, Washington, DC 20004-1111.
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