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Crystalline Waterproofing Technology: Improving Concrete Durability
Presented By: David Ross, Technical Services Manager
Xypex Chemical Corporation
13731 Mayfield Place
Richmond, BC V6V 2G9
Canada
Description: Provides an overview of how crystalline technology provides a high level of performance to concrete
mixtures, materials, and structures improving their durability and lifespan; and, what design professionals need to
know to specify and understand how this chemical technology will enhance building projects.
To ensure the accuracy of this program material, this course is valid only when listed on AEC Daily's Online Learning
Center. Please click here to verify the status of this course.
If the course is not displayed on the above page, it is no longer offered.
The American Institute of Architects · Course No. AEC177; LUs – 1.00 · This program qualifies for HSW credit.
AEC Daily Corporation is a Registered Provider with the American Institute of Architects Continuing Education Systems. Credit earned on completion of this
program will be reported to CES Records for AIA members. Certificates of Completion for non-AIA members are available on request.
This program is registered with AIA/CES for continuing professional education. As such, it does not include content that may be deemed or construed to be
an approval or endorsement by the AIA or AEC Daily Corporation of any material or construction or any method or manner of handling, using, distributing or
dealing in any material or product. Questions related to specific materials, methods and services should be directed to the program instructor.
Construction Specifications Institute · Course No. CEN-AEC-07-160; CEUs 0.1 · This program qualifies for HSW credit.
This program is a registered educational program with the Construction Specifications Institute of Alexandria, VA. The content within the program is not
created or endorsed by CSI nor should the content be construed as an approval of any product, building method, or service. Information on the specific
content can be addressed at the conclusion of the program, by the Registered Provider.
AEC Daily is a Registered Provider with the Construction Specifications Institute Construction Education Network (CEN). Credit earned for completing this
program will automatically be submitted to the CSI CEN. Completion certificates can be obtained by contacting the Provider directly.
This logo and statement identify Provider programs registered with CSI CEN and are limited to the educational program content.

This course is approved by other organizations. Please click here for details.
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How to use this Online Learning Course
To view this course, use the arrows at the bottom of each slide or the up and down
arrow keys on your keyboard.
To exit the course at any time, press the ESC key on your keyboard. This will minimize
the full-screen presentation and allow you to close the program.
Within this course is an exam password that you will be required to enter in order to
proceed with the online examination. Please be sure to remember or write down this
password so that you have it available for the test.
To receive a certificate indicating course completion, refer to the instructions at the
end of the course.
For additional information and post-seminar assistance, click on any of the logos and
icons within a page or any of the links at the top of each page.
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Learning Objectives
Upon completing this course, you will be able to:
•

Summarize how crystalline technology works with concrete to provide high
performance durability and waterproofing qualities

•

Explain the difference between porosity, permeability and the mechanics by which
water is absorbed through concrete structures

•

Discuss how crystalline waterproofing technology improves the durability of
concrete structures and reduces maintenance

•

Identify appropriate crystalline technology product applications for various types of
concrete construction

•

Analyze how crystalline technology admixtures can impact building life cycle and
project constructions costs
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Nature of Concrete
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Nature of Concrete

Introduction
From foundations, floor slabs and exterior
precast panels, to water treatment facilities
and underground urban infrastructure,
concrete is one of the most commonly used
building and construction materials.
However, due to its composition, a mixture of
rock, sand, cement, and water, concrete is
often susceptible to damage and deterioration
from water and chemical penetration.
These deleterious effects can be avoided
through the use of crystalline waterproofing
technology, which effectively improves the
durability and lifespan of concrete structures,
thereby reducing long-term maintenance costs.
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Composition
The aggregate base of a concrete mixture is
formed by rock and sand. This cement and
water mixture creates a paste that binds the
aggregates together. As the cement particles
hydrate, or combine with water, they form
calcium silicate hydrates. The mixture then
hardens into a solid, rock-like mass.
To make this mixture workable, easy to place,
and consolidate, more water than is necessary
for the hydration of the cement is used. This
extra water, known as the water of
convenience, will bleed out of the concrete,
leaving behind pores and capillary tracts, which
means that although concrete appears to be a
solid material, it is both porous and permeable.
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Nature of Concrete

Composition cont'd…
Water reducers and superplasticizers are used
to reduce the amount of water in the concrete
mix while still maintaining workability.
Nevertheless, pores, voids, and capillary paths
will remain in cured concrete and can carry
water and aggressive chemicals into structural
elements that will corrode steel reinforcement
and deteriorate concrete, thus jeopardizing the
structure’s integrity.
Therefore, concrete is best described as a
porous and permeable material.
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Porosity and Permeability
Porosity refers to the amount of holes or voids
left in concrete, is expressed as a percentage
of the total volume of a material.
Permeability is an expression of how well the
voids are connected.
Together, these qualities allow pathways to
form that allow the movement of water into,
and through, along with the cracking that
occurs due to shrinkage.
Permeability, a broader term than porosity, is
the ability of liquid water under pressure to
flow through porous material.
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Porosity and Permeability cont'd…
Permeability is described by a quantity known as the permeability coefficient,
commonly referred to as D’Arcy’s Coefficient. The water permeability of a concrete
mix is a good indicator of the quality of the concrete for durability reasons. The lower
D’Arcy’s Coefficient, that is, the more impervious, the higher the quality of the
material. Nevertheless, a concrete with low permeability may be relatively durable but
may still need a waterproofing agent to prevent leakage through cracks.
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Porosity and Permeability cont'd…
Despite its apparent density, concrete remains a porous and permeable material that
can leak and deteriorate rapidly when in contact with water or the intrusion of
aggressive chemicals, such as chlorides, sulfates and other substances. But there are
other ways in which water can be transported through concrete.
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Nature of Concrete

Porosity and Permeability cont'd…
Concrete may be permeable on several different size scales.
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Macro and Micro cracks
Macro cracks are the most obvious to the eye and readily apparent. Micro cracks can
be caused by structural stresses or shrinkage and restraint around aggregates.
Normally they require water to be under pressure in order for there to be water
intrusion but they have the ability to take up moisture much like capillary suction and
can become an easy path for additional chloride diffusion.

Macro Crack
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Magnified View of Micro Crack
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Capillary Voids
Capillary voids are essentially the residue of
the originally filled water spaces. This is the
primary path by which water and other
aggressive ions (chlorides and sulphates) can
penetrate into the concrete matrix, and cause
durability problems (i.e. rebar corrosion).
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Vapor Flow and Relative Humidity
Water also migrates through concrete in the form of water vapor as relative humidity.
Relative humidity is water held in air as a dissolved gas. As water vapor heats up, it
contains more water and exerts vapor pressure. Water can also be transported through
concrete as vapor. The direction of flow travels from high vapor pressure, generally
the source, to low vapor pressure, by a process of diffusion. The direction of flow
could vary based on environmental conditions.

Vapor flow through a foundation wall
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Vapor Flow and Relative Humidity cont'd…
The direction of vapor flow is critical when applying waterproofing treatment in
situations where an unbalanced vapor pressure gradient exists. Typical examples
include:
•Applying a low vapor permeable membrane, such as a traffic deck coating over a
damp concrete surface (even if the very top surface is dry) on a warm day will result in
pressure vapor pressure build-up and pin-holing or blistering.
•Applying a coating or sealant to the outside of a building wall may trap moisture into
the wall if the sealant is not sufficiently vapor permeable. •
•Applying low vapor permeable flooring over a slab-on-grade where there is high
subsurface moisture content may result in delamination of the flooring.
Generally, a low vapor permeable sealant or coating should not be placed on the
downstream face of a building or structure. Either the vapor pressure or water
pressure will act to damage and blister the membrane. Some types of coatings and
water permeability reducing admixtures in the concrete accommodate considerable
vapor movement, thus allowing them to be placed successfully on the downstream
side. Primary examples are cement-based waterproof coatings and water permeability
reducing admixtures.
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How Crystalline Technology Works
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Introduction
Crystalline waterproofing is manufactured in
the form of a dry powder compound consisting
of Portland cement, very fine treated silica
sand, and proprietary chemicals. Specific
formulations are produced for application as a
coating material, admixture and dry shake.
Crystalline technology improves the
performance of concrete structures, lowering
their maintenance cost and extending their
lifespan by protecting them against the effect
of aggressive chemicals. These high
performance qualities result from the ways in
which the crystalline technology works, when
used with concrete.
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Waterproofing Effect
Crystalline waterproofing technology improves the waterproofing and durability of
concrete by filling and plugging pores, capillaries, micro-cracks, and other voids with a
non-soluble, highly resistant crystalline formation. The effect is based on two simple
reactions, one chemical and one physical.
Concrete is chemical in nature. When a cement particle hydrates, the reaction
between water and the cement causes it to become a hard, solid mass. The reaction
also generates chemical by-products that lie dormant in the concrete. Crystalline
waterproofing adds another set of chemicals to the mixture. When these two chemical
groups, the by-products of cement hydration and the crystalline chemicals, are brought
together in the presence of moisture, a chemical reaction occurs. The end product of
this reaction is a non-soluble crystalline structure.
This crystalline structure can only occur where moisture is present, and thus will form
in the pores, capillary tracts, and shrinkage cracks in concrete. Wherever water goes,
the crystalline waterproofing will follow.
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Chemical Diffusion
When crystalline waterproofing is applied to
the surface, either as a coating or as a dryshake application to a fresh concrete slab, a
process called chemical diffusion takes place.
The theory behind diffusion is that a solution of
high density will migrate through a solution of
lower density until the two equalize.
Thus, when concrete is saturated with water
prior to applying crystalline waterproofing, a
solution of low chemical density is placed in
the pores, capillaries and other voids. When
crystalline waterproofing is applied to the
concrete, a solution of high chemical density is
placed on the surface, triggering the process of
chemical diffusion. The crystalline
waterproofing chemicals must migrate through
the water (the solution of low density) until
the two solutions equalize.
©2007 • Table of Contents

Chemicals in a highly concentrated solution
diffuse into a solution of lower density until
the two equalize
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Chemical Reaction
The crystalline waterproofing chemicals spread
through the concrete and become available to
the by-products of cement hydration, allowing
the chemical reaction to take place.
A crystalline structure is formed, and as the
chemicals continue to migrate through the
water, this crystalline growth will form behind
this advancing front of chemicals. The reaction
will continue until the crystalline chemicals are
either depleted or run out of water. Chemical
diffusion can take these chemicals to a depth
of about 12 inches into the concrete. If water
has only soaked two inches into the surface,
then the crystalline chemicals will only travel
two inches and stop but, they still have the
potential to travel 10 inches further, if water
re-enters the concrete at some point in the
future and reactivates the chemicals.
©2007 • Table of Contents

Scanning electron microscope (SEM) view of a
concrete pore filled with multiplicative
crystalline formation, initial stages
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Crystalline Structure Formation
Instead of reducing the porosity of concrete, like water reducers, plasticizers, and
superplasticizers, the crystalline formation fills and plugs the voids in concrete to
become an integral and permanent part of the structure.

By-products of cement hydration precipitate in
capillary tracts + Crystalline reactive chemicals =
Crystalline initiation
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By-products of cement hydration precipitate in
capillary tracts + Crystalline reactive chemicals +
Time = Fully Developed Crystalline Structure
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Crystalline Structure Formation

SEM view of crystalline growth in a void. The
crystalline structure has reacted, developed and
built up inside the blue oval area in the void. You
can see the walls of the void outside of the oval.

Bleed tract without Crystalline
waterproofing

Bleed tract with Crystalline
waterproofing
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Crystalline Structure Penetration
Under ideal conditions, the reaction produced by the application of crystalline
waterproofing materials on the concrete’s surface can occur to a depth of 12”. This
was demonstrated in Japan where a block of cast-in-place concrete approximately 16”
square and 16” thick was produced. The concrete had a water/cement ratio of 0.65 to
ensure that there was an extensive capillary system.
A crystalline waterproofing coating was
applied to the top side and the concrete
block and was left outside under
ambient conditions for 12 months.
Full depth cores were taken and sliced
into 2 cm slices and examined under an
electron microscope.
Crystallization had taken place up to
12” from the surface.
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Crystalline Properties
Because these crystalline formations are within the concrete and are not exposed at
the surface, they cannot be punctured or otherwise damaged like membranes or
surface coatings.
Crystalline waterproofing is highly resistant to chemicals where the pH range is
between three and 11 under constant contact, and two to 12 under periodic contact.
Crystalline waterproofing will tolerate temperatures between -25 degrees Fahrenheit
(-32 degrees Centigrade) and 265 degrees Fahrenheit (130 degrees Centigrade) in a
constant state. Humidity, ultraviolet light, and oxygen levels have no impact on the
products ability to perform.
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Durability and Performance
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Testing
The appropriate testing procedures for
evaluating the ability of the crystalline
treatment to prevent water flow through a
structure include, US Corps of Engineers CRD
C48-73 and DIN 1048.
Measurement focuses on either the amount of
“output” or “depth of penetration” using
incremental variations in hydrostatic pressure.
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Testing Method
This diagram illustrates the appropriate
apparatus for testing concrete samples using
“Output Method” for determining water
permeability.
Water under pressure is exerted on the top
face of the specimen in the sealed cell. Any
leakage through the specimen can be collected
and measured from the opposite face which is
exposed.
The results of the test showed that crystalline
waterproofing treated samples totally sealed
themselves up at pressures of 405 feet of water
head (175 psi) and greater.
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Testing Results
Testing has also been conducted to determine the ability of waterproofing admix to
waterproof shotcrete specimens. Both control and treated samples were tested. The
crystalline samples demonstrated a superior waterproofing capability to that of the
reference sample. What should also be noted is that although there is wide variation in
the quality of the control samples as demonstrated by the permeability coefficients,
the use of a crystalline waterproofing admixture dramatically brought the quality of
the two concretes into close parallel.
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Protection Performance – Chemical Durability
Crystalline waterproofing protects concrete against alkali aggregate reactions (AAR) by
denying water to those processes affecting reactive aggregates. Extensive chloride-ion
diffusion testing also shows that concrete structures protected with a crystalline
waterproofing treatment prevent the diffusion of chlorides. This protects the
reinforcing steel and prevents deterioration that could occur from oxidation and
expansion of the steel reinforcement.
In another chemical resistance test, cement mortar specimens were prepared for full immersion in
a bath of sulfuric acid (the control or untreated samples are on the left hand side of the photograph
and the crystalline treated samples are on the right). The samples were submerged in a solution of
5% sulfuric acid for 100 days. The crystalline waterproofing treatment reduced the erosion of the
concrete mortar to 1/8 that of the untreated specimens.

Before Soaking
©2007 • Table of Contents

Five Weeks

Ten Weeks
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Protection Performance - Carbonation
Crystalline waterproofing offers protection against the gasses responsible for the
corrosive phenomenon known as ‘carbonation.’ Carbonation is the process where
exterior gasses create lower pH in the concrete which makes the reinforcing more
prone to corrosion. Carbonation testing shows that the multiplicative crystalline
formations also reduce the flow of gases into concrete, thus significantly retarding the
carbonation at the surface in which the alkalinity is reduced. Supplementary photos
show the reduction of carbon dioxide gas into concrete.
By using a phenolthalein solution you can identify the
areas where carbonation has taken place in the concrete.
Where there is no carbonation the purple dye stays
purple indicating that the concrete substrate is still
alkaline. Where the concrete is grey or light pink,
it indicates that the concrete has been carbonated
and therefore is not alkaline.
Alkalinity of the concrete is the first line of
defense in protecting reinforcing steel from corroding.
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Improving Concrete Durability
Concrete durability is enhanced by preventing aggressive agents from penetrating into
the concrete and causing destructive reactions. Extensive chloride-ion diffusion testing
shows that concrete structures protected with a crystalline waterproofing treatment
prevent the diffusion of chlorides. This protects reinforcing steel by preventing
deterioration that could occur from oxidation and expansion of steel reinforcement.
This “time to corrosion” graph was taken from an Australian study conducted by the Australian
Center for Construction Innovation at the University of New South Wales. Concrete treated with
crystalline waterproofing material has the potential to extend the service life of the concrete by a
factor of up to 2.
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Compressive Strength
Crystalline waterproofing improves compressive strengths by approximately 5% - 10%.
Klienfelder’s laboratory in California evaluated the compressive strength on concrete
containing crystalline admixture. Samples were procured from a parking deck in Los
Gatos. At 28 days the compressive strength of the crystalline admixture sample
measured 7160 psi as compared to the control sample which had a compressive
strength of 6460 psi (44 MPa). At 56 days the compressive strength of the admixture
sample measured 8340 psi compared to the control sample at 7430 psi.
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Performance Results
Michael Brown, P.E., principal with Golder Associates in Seattle, has used crystalline
waterproofing in numerous applications, but notably on the Blackbird mine
remediation project near Salmon, Idaho, which has very low pH acidic mine water
flowing through concrete structures. “We use crystalline waterproofing technology as
an additive to concrete to reduce permeability and provide protection for the epoxy
coated reinforcing bar,” said Brown.
Crystalline waterproofing improves concrete durability.
• It is non-toxic
• It is approved for use in potable water structures
• It does not contain VOCs
• It does not produce any fumes
The more traditional methods of protecting concrete, such as membranes and other
coatings can puncture and delaminate, thus leaving it susceptible to water and
chemical damage. Only crystalline technology can permanently fill and plug the
capillary tracts, pores and microcracks that naturally form in concrete.
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Types of Application Methods
There are three different crystalline
technology formulations for each stage or type
of construction.
Crystalline waterproofing and protection
technology is packaged in powder form.
Application methods include:
• Added directly with the concrete mix at the
batch plant as an admixture.
• Sprinkled on fresh, as a dry powder, on
uncured, concrete slabs and toweled into the
surface.
• Applied to the surface of an existing concrete
structure, for example, a foundation wall or a
floor slab.
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Admixture for Concrete
Adding crystalline waterproofing treatment to
the concrete mix at the batch plant ensures
that the crystalline formation occurs uniformly
throughout the structure, rather than
penetrating from the surface, as would be the
case with a surface application.
This admixture in addition to waterproofing the
concrete, increases the compressive strength
and reduces shrinkage cracking.
When this technology is used as an admixture,
the construction cost is significantly reduced,
by eliminating the labor associated with a
surface application.
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Admixture for Concrete cont'd…
The sequence of procedures for the addition of
crystalline waterproofing technology to the
concrete mix will vary according to the type of
batch plant operation and equipment. For most
mixtures, the dosage rate is two to three
percent, based on the Portland cement
content.
Crystalline waterproofing admixtures are
compatible with superplasticizers, air
entraining agents, water reducers, fly ash, and
other ingredients that may be used to improve
the performance of modern concrete mixes.
When specifying crystalline waterproofing as an
admixture, design professionals should verify
that all elements in the concrete mix are
compatible with each other.
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Dry-Shake Application
Crystalline waterproofing can be applied by the
dry-shake application method, like floor
hardeners, to new slabs while under
construction.
This process requires the crystalline powder
compound to be sprinkled onto the surface of
slabs with the use of a mechanical spreader
after concrete is placed, consolidated, and
leveled. The powder is then worked into the
surface of the slab during the normal finishing
process with a power trowel.
Crystalline waterproofing is also available
combined with synthetic floor hardeners to
both waterproof and harden floor slabs.
Typical applications for the dry-shake
application are basement slabs and warehouse
floors.
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Negative Side Waterproofing
Existing basements that are subject to water seepage or vapor transmission through
foundation walls and floors can be treated by the application of crystalline
waterproofing and protection on the negative side, or the inside, of the structure.
Surface coatings will blister and peel when moisture seeping through the concrete
dissolves soluble minerals and deposits them on the surface, under the coating, in the
form of efflorescence, a white powdery substance that forms on the wall surface.
Crystalline waterproofing is highly effective when applied to the negative side of
existing concrete structures subjected to water pressures. Crystalline coatings use
water as a migrating or diffusing medium and are therefore ideally suited for this
purpose. Vapor transmission through basement floors and walls is a common problem
that may lead to damp, musty odors. Testing has shown that the application of
crystalline technology under these conditions will reduce vapor flows as much as 50
percent, which will result in a drier environment.
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Negative Side Waterproofing cont'd…
Because crystalline waterproofing penetrates into the concrete, plugging the pores
beneath the surface, it does not depend on surface adhesion and will not blister and
peel off when applied to the inside surface of basement walls.

Negative Side Application
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As an Addition to Packaged Cement Products
Crystalline technology can be added to dry
packaged cement products – "In the bag
Crystalline Technology" – to improve the
performance of mortar, stucco, and concrete
mixes.
The performance of precast concrete panels, as
well as precast elements, such as pipes, box
culverts, and manholes can also be enhanced.
A stucco display at Home Depot, California.
The stucco pallets on the right include the
crystalline chemicals.
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Introduction
When applied to clean, bare and previously saturated concrete substrates as a slurry
mixture, the reactive chemical ingredients in crystalline waterproofing can penetrate
up to 12 inches into the concrete by using the water as the migrating solution in a
process of chemical diffusion. As these chemicals penetrate through the capillaries and
pores, the reaction with the mineral by-products of cement hydration creates the
crystalline formation that fills the cracks or the pore.
Crystalline waterproofing can be applied by brush or with specialty spray equipment.
To ensure the success of the application, care must go into the conditions under which
the material is applied related to surface preparation, surface wetting, coat thickness,
and curing time.
Because the crystalline waterproofing coating system has a unique chemical diffusing
characteristic, proper surface preparation of the concrete is critical to the
performance of the material. The concrete surface that will receive the crystalline
waterproofing coating needs to have an open pore texture to allow the transfer of the
reactive crystalline chemicals from the coating into the concrete substrate. The
surface also needs to be clean and free of form oil, laitance and other foreign matter
as this can potentially cause delamination of the coating.
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Surface Preparation
The three common methods of concrete
surface preparation are water blasting, sand
blasting and acid etching.
When water blasting, the pressure should be
3,000 to 4,000 psi.
Sand blasting is normally required when steel
forms have been used and the concrete has a
tight, mirror like finish.
Acid etching can be accomplished using either
muriatic acid or citrus-based products when
the use of an acid is not environmentally
acceptable.
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Surface Preparation – Wetting the Surface
It is necessary to have an open pore surface to allow chemical transfer into the
substrate. It must be clean and free of form oil, laitance and other foreign matter that
may act as a bond breaker.
The coating systems require that the concrete be in a saturated, surface damp
condition for the waterproofing to be effective. The active chemicals in the coating
use water as a migrating or diffusing medium that allows the chemicals to transfer
from the coating into the capillary tracts of the concrete. To make sure that concrete
on vertical surfaces is saturated, wet the walls with clean water and allow the
moisture to be drawn into the substrate for approximately ten minutes. Re-wet the
walls a second time and allow to stand for 20 minutes.
In hot weather, when evaporation rates are high, it may be necessary to soak the
concrete overnight. This can be accomplished using either soaker hoses on the top of
the wall, that allows water to flow down the vertical surfaces, or a series of sprinklers
can be used if the wall is less than 12 to 15 feet.
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Surface Preparation – Wetting the Surface cont'd…
If water is not readily available on the job site,
the saturation of the concrete should be done
early in the morning, when evaporation rates
are low and before the concrete begins to heat
up. In difficult conditions of hot sun and wind,
it is better to attempt small areas that can be
controlled, rather than large areas at one time.
In hot weather, the use of an evaporation
retarder to help keep moisture in the concrete
can be considered.
In cold weather, saturation of the concrete
should only take place when the ambient
temperature is going to be above 33°F for 24
hours.

©2007 • Table of Contents

Slide 48 of 74

• About the Instructor

• About the Sponsor

• Ask an Expert
Methods and Procedures

Coating Application
The crystalline waterproofing coating materials
are mixed with water at a ratio of five parts
powder to two parts water by volume for brush
application, and five parts powder to three
parts water by volume for spray application.
The coverage rate is 1.25 to 1.5 pounds per
square yard per coat. At this rate, a 60 pound
pail of material will cover 360 to 430 square
feet, and a 50 pound bag will cover 300 to 360
square feet of surface area.

Please remember the exam password COATING. You will be required to enter it in order to
proceed with the online examination.
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Coating Application cont'd…
Coatings can be applied by brush, hopper gun
or specialized spray equipment. When using a
standard 6" masonry brush, one person can mix
and apply approximately 80 to100 square feet
per hour per coat.
A hopper gun or texture gun uses a two-person
crew with one person mixing material and the
second person spraying. The gun uses a threeeighths inch nozzle and operates at roughly 25
psi. A two-person crew can apply the coating at
a rate of 400-500 square feet per hour per
coat.
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Coating Application cont'd…
Specialized spray equipment is operated with a
three-person crew. At application rates of 1200
to 1500 square feet per hour per coat, it is
necessary to have all materials pre-measured in
order to keep up with the spray equipment
capacity.
When using this type of equipment, the best
procedure is to pre-measure the powder into at
least five or six large buckets (five gallon pails)
and pre-measure the water. This is done on the
basis of five parts powder to three parts water
by volume.
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Coating Application cont'd…
On vertical surfaces, the standard application procedure is to start at the top of the
wall and work down. When using spray equipment, the first coat of material can be
back-brushed using a 20" wide janitors broom with a soft bristle or a finisher’s broom.
This helps ensure an even coverage rate and minimizes any run down of the coating.
When a second coat is specified, it needs to be applied no later than 48 hours after the
first coat. Under normal conditions, the crystalline waterproofing coating will begin to
set up in two to three hours and application of the second coat can be done at this
time. If the first coat has dried out, it should be lightly moistened with water prior to
the second coat being applied. Failure to do so may result in lack of bond between the
two coats.
When applying the coating materials to a concrete structure, it is better to break the
job up into manageable segments rather than try to complete large areas at one time.
This becomes even more critical when the weather is hot or windy.
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Curing
Moist curing of the waterproofing system is
essential for proper performance and is
extremely important for two reasons.
First, it keeps the substrate from drying, which
allows the reactive chemicals to transfer from
the coating into and through the saturated
concrete substrate. If adequate curing of the
crystalline waterproofing does not take place,
evaporation will first dry out the coating and
then begin to pull moisture from out of the
concrete. As the concrete substrate dries out,
it will prevent further chemical transfer from
occurring, crystallization will not take place
and thus no waterproofing effect will be
achieved.
Second, crystalline waterproofing uses a sand
and cement coating as a carrying agent for the
active chemicals.
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Curing cont'd…
It is necessary to properly cure the coating so that it hardens and bonds properly to the
concrete. Curing of the treatment is achieved either by spraying with water or through
the use of a specialized evaporation retardant. Curing the crystalline waterproofing
coating should begin as soon as it has hardened sufficiently, so as not to be damaged
by a fine spray. Under normal conditions, the treatment will be ready for moist curing
two to three hours after application. This is accomplished by misting with a fog spray
of clean water at least three times a day for two to three days to prevent early drying.
In warm climates or on hot windy days, more curing will be required to keep the
coating and substrate from drying out. This can be done by misting the coating five or
six times per day for two to three days.
During the curing period, protect treated surfaces from damage by rain, frost, and
freezing temperatures. If plastic sheeting is used for protection, it must be raised off
the waterproofing coating to allow sufficient air circulation. The overall process of
crystalline formation may take two to three weeks to reach full maturity.
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As an Admixture
The triple tower development designed by
architect Hijjas Kasturi as a new headquarters
building for Maybank in Kuala Lumpur, Malaysia
involved diaphragm wall construction,
incorporating a nine level underground parking
garage.
A crystalline technology admixture was
selected to control of the heat of hydration,
reduce shrinkage cracking, give the slab
enduring ‘self healing’ capacity, waterproof
the concrete, and increase strength and
durability. Peak temperature for the first mass
pour was approximately 69°C, and the
differential temperature was approximately
12°C.
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Excavation and diaphragm wall for Maybank
Headquarters, in Kuala Lumpur, Malaysia.
Architect: Hijjas Katsuri
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As an Admixture
Maybank cont'd…
The basement slab required approximately
24,000 cubic meters of the admixture, dosed
masscrete, or a large volume concrete pour. In
September 1997, the initial pour of
approximately 13,200m³ was conducted over a
60-hour period.
This project was the third largest continuous
concrete pour conducted in the world, and the
largest in Southeast Asia.
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As an Admixture
Although the Esplanade Theatres on Bay, Singapore, was primarily an admix
application, crystalline coating materials were also used. This project involved
waterproofing the below-grade foundation that was subjected to significant hydrostatic
pressure and a harsh marine environment. Phase I of this project (Parking Structure)
utilized a membrane system, which has subsequently required constant repair. Phase
II (below Theatre) utilized crystalline admixtures (dosing 20,000m³ of concrete). No
problems have been encountered with this phase of the project. The crystalline system
replaced originally specified membrane due to the ability to withstand extreme
hydrostatic pressure and to protect the reinforcing steel against corrosion. Based on a
“value engineering” approach the admixture significantly accelerated the construction
schedule by 3 months, resulting in a cost savings of over $500,000.
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As an Applied Product
For the National Aeronautics and Space Administration (NASA) Neutral Buoyancy Tank,
used to train astronauts for space walks and space station construction), a two-coat
application of white crystalline waterproofing was applied to the 21" thick walls in the
50,000 sq.ft. Lab Tank. The white crystalline waterproofing treatment was chosen as a
replacement for a white pool paint finish because of its longer life span and lower
maintenance requirements. By using the white material for light reflectivity the use of
white epoxy paint was eliminated resulting in further cost savings not only from a
material standpoint but also the acceleration of the construction schedule. McDonnell
Douglas performed the design work prior to their acquisition by Boeing.

NASA Neutral Buoyancy Tank. Courtesy of NASA
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As a Dry-Shake Application
The slabs of the a 110,000 sq. ft. distribution
facility for Duracell in Cleveland, Tennessee,
were waterproofed with a dry-shake
application of crystalline waterproofing
incorporating a floor hardener to increase the
abrasion resistance of the floor to fork lift
traffic.
Due to unstable ground conditions in an area of
artesian springs, it was decided that a
traditional membrane or bentonite panel
system would settle away from the bottom of
the slab and potentially allow water to migrate
up into the warehouse area. The dry shake
crystalline product with synthetic aggregate
hardener allowed for negative side
waterproofing as well as producing a more
abrasive resistant surface to handle the forklift
traffic.
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Combination of Applications
Cherry Crest Reservoir, Bellevue, WA (RH2
Engineering) is located in the middle of a fully
developed residential area. The slab was
needed as a storage area for forms, materials,
and general work area. Also, weather was
erratic, and the application exposed to
potential standing water. The ability to
immediately integrate the crystalline
waterproofing was important for this phase.
Dry-shake was chosen for the slab work.
The walls were 22” thick which makes Admix
more expensive than coating , so slurry
application was chosen in lieu of the
cement/volume application. Also, due to the
highly automated equipment from the
subcontractor, coverage rates were very fast.
The surface was moisture cured for three days.
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Combination of Applications cont'd…
Cherry Crest Reservoir cont'd…
The lid was a post-tension design. The original
plans called for an over-burden, landscape and
park area with recreation courts. The city
requested additional deductions. RH2
proposed using the lid as the play surface.
Admixture was selected. It leaves no residue.
The coating manufacturer approved it as a
base. A total of 680 cubic yards was placed in
about 6 hours. Crystalline products uniquely
offered value engineering price comparisons,
and assisted in expanding design options for
the city.
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As an Addition to Packaged Cement Products
Crystalline waterproofing technology has also been incorporated into cement mortars
and stuccos to enhance their performance.

Application of crystalline enhanced stucco on a California house
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Other Applications
At the Sommerset Correction Institute use of crystalline waterproofing admixture
accelerated the construction schedule by allowing the contractor to pour and
waterproof the concrete in cold weather. Traditional waterproofing coatings that
would normally be applied to the interior walls would have required either “hoarding
and heating” or forced the contractor to wait until Spring when temperatures would
have moderated.
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Other Applications
Crystalline admixtures are used to waterproof precast manholes and pump stations to
prevent water ingress and egress. Due to ambient conditions in a sewer environment
there is the potential for an aggressive acidic environment and the use of crystalline
admixtures provides further chemical protection of the concrete. In the image below,
it can be seen that a red oxide pigment was incorporated into the concrete mix along
with the crystalline admixture to provide Quality Assurance. As depicted, the Admix
treated manholes can be easily distinguished from other untreated pre-cast structures.
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Other Applications
At the Jackson Electric Coal Unloading Facility, Florida, the crystalline admixture was
used in conjunction with a superplasticizer and corrosion inhibitor. The plasticizer
allowed for easy placement of the concrete in the forms due to heavy steel
reinforcement, the corrosion inhibitor helps ensure the life cycle of the concrete in a
marine environment and the crystalline admixture waterproofs the concrete and self
heals the micro cracks caused by the pile driving of the concrete piers.

©2007 • Table of Contents

Slide 66 of 74

• About the Instructor

• About the Sponsor

• Ask an Expert
Case Studies

Other Applications
For the restoration project of the Panama Canal, Panama, crystalline waterproofing
admix was added to the shotcrete used to re-line the deteriorated surfaces of the
culverts and locks. Crystalline waterproofing was also used as a slurry application in
the below grade mechanical rooms.
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Glossary
Admixtures – These are chemical ingredients that can be included in a concrete mix to enhance
performance and modify characteristics. They include plasticizers, water reducers, set retarders
and accelerators.
Aggressive chemicals – These include a wide range of chemicals that often come in contact with
concrete. Examples include chlorides in coastal zones, sulfates often found in soils, and effluents in
wastewater.
Calcium silicate hydrate – A substance formed by the hydration of cement in concrete and is the
material that binds aggregates together.
Cement – Cement is a substance, when mixed with water, forms a paste that brings together the
other elements of the concrete mixture (aggregates, sand, steel reinforcement) and hardens into a
rock-like mass. Hydraulic cement specifically hardens with water. Portland cement is the general
type of cement used in construction and has calcium sulfate as a prime component.
Chlorides – Salts that will penetrate concrete structures carried by moisture in coastal zones or deicing salts.
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Glossary cont'd…
Delamination – A process that occurs when a surface application of crystalline waterproofing does
not adhere properly to a concrete surface. Delamination is usually due to improper surface
preparation, inadequate wetting of the substrate or premature drying in hot weather.
Efflorescence – A substance caused by the deposit of soluble salts and calcium on the negative side
of concrete surfaces after they have been carried to the surface by moisture flow through the
concrete.
Green concrete – Refers to concrete that has reached an initial or final set but is not yet fully
cured. Concrete will remain green for 7 to 28 days.
Heat of hydration – This refers to the heat generated by the reaction (hydration) of Portland
cement and water. In mass concrete pours, this reaction can generate very high temperatures. Ice
is sometimes used in concrete mixes to reduce the heat produced by hydration.
Laitance – Is the result of a process during which a layer of weak nondurable material (cement plus
small aggregate particles) is brought by bleeding water to the surface over wet concrete.
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Glossary cont'd…
Masscrete or mass concrete – This is concrete poured in very large volumes. Examples include thick
slabs, large retaining walls, and dams. When concrete is poured in a large mass, the heat of
hydration will generate large temperature releases, followed by rapid cooling resulting in shrinkage
and cracking. Coolant systems, admixtures, retarders, and crystalline technology waterproofing all
play a role in overcoming these problems.
Plasticizers – Chemical ingredients used to improve the workability of concrete mixes without
resorting to adding more water to the mix.
Retarders- Set retarders are used in hot weather to delay the initial set of concrete mixes.
Saturation level – Refers to the amount of water in concrete, expressed as a percentage of the
porosity or void space.
Slurry mixture – This is a mixture of water and any finely divided insoluble material like Portland
cement or aggregates in a suspension. The advantage of a slurry mixture is that it flows easily.
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Summary
Concrete is best described as a porous and permeable material. Porosity refers to the
amount of holes or voids left in the concrete expressed as a percentage of the total
volume of material. Permeability is the ability of liquid water under pressure to flow
through a porous material expressed as a permeability coefficient (D’Arcy’s coefficient).
The crystalline waterproofing formation becomes an integral part of the concrete and
therefore cannot be punctured or damaged like a membrane or surface coating. It will
withstand high hydrostatic pressure from both the positive and negative side. It is highly
resistant to chemicals where the ph range is from 3.0 - 11.0 in constant contact and 2.0
- 12.0 in periodic contact. Crystalline waterproofing will tolerate a temperature range
between -32 degrees and +265 degrees Fahrenheit. It is unaffected by humidity,
ultraviolet light and oxygen levels.
Methods of use include: coating, admixture, dry shake application, negative side
waterproofing, and mixed with packaged cement products. Crystalline coatings can be
applied by brush or with specialty spray equipment. To ensure the success of the
application, care must go into the conditions under which the material is applied
related to surface preparation, surface wetting, coat thickness, and curing time.
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Conclusion
Although concrete may appear to be a simple product to put together, it requires a
highly engineered approach. In an increasingly competitive design and construction
environment, where high performance requirements, such as longer life cycles, more
durable concrete, and value engineering are expected, careful consideration must be
paid to basic requirements, such as the concrete, water, and cement ratio; cementing
materials, and more sophisticated chemical admixtures.
Effective use of crystalline waterproofing technology will reduce the porosity and
permeability of conventional concrete, and provide the high performance advantages
and benefits that building owners and design professionals have come to rely upon in
design and construction projects. Because crystalline waterproofing can be installed in
three different ways, the architect, engineer and contractor have the flexibility to use
the most economically efficient method for their project or portions thereof.
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Conclusion of This Program
If you desire AIA/CES, CSI and/or state licensing continuing
education credits, please click on the button below to
commence your online examination. Upon successful (80% or
better) completion of the exam, please print your Certificate
of Completion.
For additional knowledge and post-seminar assistance, please
visit the Ask an Expert forum (click on the link above and
bookmark it in your browser).
If you have colleagues that might benefit from this seminar,
please let them know. Feel free to revisit the AEC Daily web
site to download additional programs from the Online Learning
Center.

©2007 Xypex Chemical Corporation. The
material contained in this course was
researched, assembled, and produced by
Xypex Chemical Corporation and remains
their property. Questions or concerns
about this course should be directed to
the instructor.

Click Here To Take The Test
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