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This program is registered with the 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 of any material of 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 will be
addressed at the conclusion of this presentation.

W. R. MEADOWS is a Registered Provider with the American Institute of
Architects (AIA) 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.
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Presenter
Presentation Notes
This slide is a required slide for all AIA presentations.
While this slide is on the screen review the fact that this is an accredited AIA presentation and all registered Architects are able to collect a learning point for it


Objectives

Discuss the mechanics of moisture movement and the resulting
issues

Explain some of the issues relating to concrete deterioration as a
result of water penetration

Differentiate between dampproofing, waterproofing and
vaporproofing methods

Differentiate between positive and negative side waterproofing

I[dentify the various types of below grade systems to control
moisture movement and differentiate between them
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The objectives of the presentation are:

1.  Explain the difference between porosity and permeability and describe the mechanics by which liquid water and water vapor are transported through concrete structures and how this contributes to concrete deterioration

Differentiate between dampproofing, waterproofing and vaporproofing. 

Differentiate between positive and negative side waterproofing and list the common characteristics of these waterproofing methods.

4.  Identify the various types of waterproofing systems and differentiate between them.


It is important to understand that there are a large number of waterproofing systems on the market today and there is not one membrane, or system, that is applicable for every project and application.  One must consider the characteristics and applications of each system and select the appropriate system based on the requirements of the project.



Moisture Movement

e Hydrologic Cycle

e Gravity

e Capillarity

 Diffusion Through a Material
e Air Transport

e Dew Point

GROUND WATER

——————— —WATER TABLE

1t
EVAPORATION
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How does Moisture Enter the
Structure?

Liquid Water

e Water table

e Site drainage

e [rrigation - sprinkler systems
e Cracks

e Improper waterproofing details
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The presence of water in its liquid form around a structure can be from numerous sources, and in order to select a system that can control water penetration, it is important to consider all of these sources. These include: the water table – the depth of this needs to be determined and understood; and, site drainage – is there naturally occurring site drainage, or do alternate drainage methods need to be addressed. Something to consider is that fine-grained soils can draw water from considerable distances. Both of these can be determined by a soil report. 

Another factor to consider is the irrigation system. When designing a structure that incorporates this, it is important that the waterproofing and drainage system can accommodate the extra water that will be present as a result. 

And then there are cracks in concrete. As we have mentioned, they are a prominent part of concrete, it will crack. The location of these cracks can somewhat be controlled by the design of the concrete, however, there is also the possibility for cracking to occur that has not been accounted for. Water can enter through these cracks, and so it is important for the system to be designed to accommodate this cracking. 

And no matter how good everything is, waterproofing details are a major factor that control everything; if the detailing is lacking, water will find its way in. 







Hydrostatic Pressure

e Hydrostatic pressure is the pressure coming

from the weight of the liquid

e Its value is directly proportional to the height

of the liquid and to the density of the liquid

e Increases in proportion to depth measured

from the surface because of the increasing
weight of fluid exerting downward force from
above

—

Hydrosiale
pressure

Hydrostatic
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When considering a waterproofing system to control liquid penetration, it is important to look at two factors that allow for the movement of water. These are hydrostatic pressure, and capillarity. 

Hydrostatic pressure is the pressure coming from the weight of the liquid and its value is directly proportional to the height of the liquid and the density of the liquid.  In other words, the deeper you go, the more pressure will be present. A denser liquid will also produce a greater hydrostatic pressure. 

In scientific terms, hydrostatic pressure increases in proportion to the depth measured from the surface because of the increasing weight of fluid exerting downward force from above. 

250 pascals = 0.0362594344 pounds per square inch

1 inch of water exerts a hydrostatic pressure of 250 Pascal at the bottom of the straw.


Capillarity

e The force that results from greater adhesion
of a liquid (water) to a solid surface than
internal cohesion of the liquid itself and is —
therefore able to literally rise along vertical N \

surfaces

e Liquid rises against gravity

e Smaller diameter,; greater rise
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Capillarity is the force that results from greater adhesion of a liquid (water) to a solid surface than internal cohesion of the liquid itself and is therefore able to literally rise along vertical surfaces. That means that liquid rises against gravity. The amount of capillary rise is determined by the spaces between the particles, or if you are looking at tubes, a tube with a smaller diameter will produce a greater rise. When selecting granular materials for drainage, larger spaces between the aggregate will reduce the potential for capillary rise, but will also allow water to drain freely through those spaces. 


How Does Moisture Enter The
Structure?

Water Vapor

e Below grade diffusion into
the structure

 Concrete is not a good vapor : G
barrier ENDLESS SUPPLY OF MOISTURE
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Dependent on differences in temperature and relative humidity

Below grade the diffusion of water vapor is from the ground into the structure…ambient conditions in the ground are approximately 55 degrees F and 100% RH

Since concrete isn’t a good vapor barrier, water vapor readily passes through the concrete

Another factor to consider is the irrigation system. When designing a structure that incorporates this, it is important that the waterproofing and drainage system can accommodate the extra water that will be present as a result. 

And then there are cracks in concrete. As we have mentioned, they are a prominent part of concrete, it will crack. The location of these cracks can somewhat be controlled by the design of the concrete, however, there is also the possibility for cracking to occur that has not been accounted for. Water can enter through these cracks, and so it is important for the system to be designed to accommodate this cracking. 

And no matter how good everything is, waterproofing details are a major factor that control everything; if the detailing is lacking, water will find its way in. 







Vapor Diffusion

e Vapor diffusion can be defined as the
transmission of water vapor,
independent of air pressure, as a
result of a difference in vapor
pressure

e Dependent on differences in
temperature and relative humidity




Description of Concrete

 What is concrete ?
e Composition of concrete
 Origin of concrete ?

e Advantages - low cost, high stiffness, high compressive strength, non-
flammable, and ease of fabrication

e Disadvantages - low tensile strength, brittle, and to some extent long term
durability
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First and foremost before even talking about waterproofing, it is important to understand what concrete is. It is the most widely used man-made product in the world and is a construction material that basically consists of, in its most common form, cement, aggregates (large and small), and water. The origin of concrete can be traced back to the Babylonians, who used a clay-mix similar to concrete. The modern day version of concrete was not invented until 1756, when British engineer John Smeaton pioneered the use of cement in concrete. The composition of concrete is traditionally relatively simple, however, today’s concrete is often a complicated mix, consisting of a number of complex chemical reactions, ensuring durability and longevity. 

Concrete has many advantages, including low cost, high stiffness, high compressive strength, ease of fabrication, and it is non-flammable. However, there are some disadvantages, or limitations associated with concrete as well: low tensile strength; it is brittle; and, to some extent it may not be very durable in the long term. 


Chemistry of Concrete
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Calcium Aluminate Hydrate

Calcium Ferrite

Water / Cement Ratio - determines concrete strength

Water - also affects the workability and consistency of the concrete mix.
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Concrete hardens by a process called hydration whereby cement and water form a paste that coats the aggregate, this paste hardens and gains strength. During this reaction, there are a number of compounds formed; calcium silicate hydrate (CSH) and calcium hydroxide (CH) being two of them. CSH is the most important of these as it contributes to setting, hardening, strength development, and volume stability. CH contributes by providing an alkaline environment which is beneficial to the reinforcing steel as it helps to reduce the potential for corrosion. In addition, other compounds such as calcium aluminate hydrate and calcium ferrite are also formed by hydration. 

When it comes to determining the strength of concrete, the key factor is the water to cement ratio (mass ratio of water to cement). A lower water/cement ratio will yield a concrete which is stronger, while a higher water/cement ratio yields a concrete with less strength. Water also affects the workability and consistency of the concrete mix. 


Limitations of Concrete

Although very durable, concrete will
eventually deteriorate from natural
weathering

Degree of deterioration dependent on:

e exposure to moisture, temperature,
aggressive chemicals

* inadequate mix design and materials
selection

e inadequate design for deterioration
* poor construction practices
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Although concrete is very durable, it will eventually deteriorate from natural weathering and the degree of this deterioration is dependent on a number of factors. The first of these is the exposure of the concrete to moisture, temperature, and chemicals. It is imperative that the concrete is designed to accommodate these exposures. 

One of the most critical forms of concrete deterioration is the corrosion of reinforcing steel. This is caused by the breakdown of the passive layer provided by the concrete around the steel. While this concrete layer is intact, it inhibits corrosion but this protection is lost when the film is destroyed by infiltration into the concrete by chemicals, excessive amounts of chloride, or other ions that reach the steel.  Carbonation is a deterioration process that occurs due to the reaction between carbon dioxide and a hydroxide that forms a carbonate in the cement paste and produces calcium carbonate. In the presence of water, carbonic acid can form, which lowers the pH and breaks down the passivating layer. In the presence of water and oxygen, the steel will corrode. The presence of chlorides also results in deterioration of the concrete whereby they can penetrate through the pores or defects of the passivating film, again lowering the pH of surrounding concrete, and in the presence of moisture, form iron chloride. This then destroys the passivating film and initiates corrosion. 


In addition, the actual mix design is critical for long term durability.  Using too much water in the concrete mix can lead to excessive bleeding resulting in various deficiencies such as a weakened concrete surface, finishing problems such as trapping of water in the top surface, and pitting problems.  Selecting the wrong types of materials (aggregates) can result in pop-outs that can occur due to the expansion of porous aggregates. There is also the potential of alkali aggregate reactions, such as ASR (alkali silica reactivity) and ACR (alkali carbonate reactivity), which are the result of alkalis in the Portland cement and certain siliceous aggregates causing abnormal expansion and cracking.  Sulfate attack is another reaction that can cause deterioration, and occurs as a result of sulfates in the soil or ground water reacting with the calcium aluminate hydrates that form during hydration. The deterioration is a result of an expansive reaction. 



When it comes to inadequate design, there are also a number of factors that result in deterioration. These include: 
• inadequate accommodation for movement during thermal changes 
• inadequate accommodation for shrinkage 
• inadequate design for differential settlement, and 
• inadequate design for structural capacity. 

Even when all of the above factors are considered, actual placement of the concrete along with poor construction practices can result in deterioration. This can range from minor defects such as honeycombing, bug-holes, surface dusting, and pitting, to major defects including finishing, inadequate concrete cover, and various types of cracking that include shrinkage cracking, settlement cracking, thermal stress cracking, tension cracking, and cold joints.  Other deterioration factors can result from inadequate protection of the concrete such as spalling, delaminations and salt-scaling. 


Even good concrete can be described as
permeable and porous
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All of the major deterioration factors listed can be traced back to the presence of water in the structure. To protect the structure, it is necessary to provide a waterproofing system that reduces the potential for this concrete deterioration. No matter how good the concrete is, it can still be described as permeable and porous. The extent of water penetration into a structure is determined by these two characteristics, permeability, and porosity. 



Permeability

* A measure of the ease with which
fluids will flow though a material

e Trapped air pockets from
inadequate compaction

 Empty space due to lack of mixing
water by evaporation

e Age of the concrete
e Condition of the concrete
e Finer grades of cement particles



Presenter
Presentation Notes
Permeability can be defined as the measure of the ease with which fluids will flow through a material. Cracks in concrete interconnect flow paths and increase concrete permeability. The progression of these cracks allow more water or aggressive chemical ions to penetrate into the concrete, facilitating deterioration. The lesser the permeability, the more durable the concrete. 

"The penetrability, or water-permeability of concrete turns out to be the only property which can be directly related to long term durability. There is overwhelming evidence that the major durability problems of today, such as the corrosion of steel reinforcement, poor resistance to cycles of freezing and thawing, cracking from alkali-aggregate reactivity or sulphate, would not occur with concrete that is impermeable at the time of exposure to the environment and continues to remain impermeable throughout the intended service life".  
 
Mehta, P.K., Durability of Concrete-Fifty Years of Progress?”, ACI, SP-126, Editor: V.M. Malhotra, pp.1-32,1991




Porosity

e Ratio of the volume of openings
(voids) to the total volume of
material

e Most important factor is the
water/cement ratio of the concrete

e Greater w/c ratio, greater porosity

Low Porosity

High Porosity
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The second factor that determines the extent of water penetration is porosity. This is defined as the ratio of the volume of openings or voids to the total volume of the material. In other words, the spaces in the concrete. The most important factor in determining the porosity of the concrete is the water to cement ratio. A greater water to cement ratio will produce a concrete with a greater porosity. 


Moisture Control

e “Except for structural errors,
about 90 percent of all building
construction problems are
associated with water in some
way’.(Moisture Migration in
Buildings Publication #779, ASTM,
1982)

J.lji
INTERNATIONAL
Standards Worldwide

* US EPA BASE study

e 4 year study - 1994-1998

e 100 selected public and private office
buildings in the 10 U.S. climatic
regions.

e 85 percent of the buildings had been
damaged by water at some time and
45 percent had leaks at the time the
data were collected

Bl Assgiumerd Sureey and
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Between1994 and 1998, the U.S. Environmental Protection Agency (EPA) Building Assessment Survey and Evaluation (BASE) study collected information about the indoor air quality of 100 randomly selected public and private office buildings in the 10 U.S. climatic regions. The BASE study found that 85 percent of the buildings had been damaged by water at some time and 45 percent had leaks at the time the data were collected





Moisture Control

[s essential...

e For the function of a building
e For occupant health and safety
 For efficient operation of the mechanical system

* To protect building from damage
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For the function of a building
For occupant health and safety IAQ - air temperature, relative humidity, direction of airflow and surrounding surface temperatures all affect indoor comfort
For efficient operation of the mechanical system to maintain conditions, moisture and energy efficiency
To protect building from damage – durability




Essential Elements of Effective Moisture
Protection

e Continuity
e Durability
e Structural integrity

e Resilient
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The essential performance characteristics of an effective system continuity, durability, and structural integrity.

To understand the importance of continuity, consider a balloon with a pinhole; a small rupture in the wall of the balloon results in a complete product failure. This simple principle also holds true with respect to an air barrier system. Although not as drastic as the balloon example, we have seen how much moisture air movement through a small hole can transport. 

Resilience is defined as sustainable measures that can be incorporated into the
building fabric, fixtures and fittings to reduce the impact of floodwater on the
property. This allows easier drying and cleaning, ensures that the structural
integrity of the building is not compromised and reduces the amount of time until
the building can be re-occupied.




Factors Influencing This
Effectiveness

* Design

e Materials

» Workmanship oy el -

e Quality assurance
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Key factors affecting the efficacy of a system include the design, materials, workmanship, and quality assurance.

Although good design and quality materials are essential, poor installation and substandard workmanship, along with a lack of jobsite inspections, can completely destroy the efficacy of the system.


Waterproofing System Selection

e There is not one waterproofing system for every
situation

e [tis important to differentiate between
dampproofing, waterproofing, and vaporproofing



Waterproofing

e Waterproofing is defined as the
resistance of the passage of water
under hydrostatic head pressure.
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Waterproofing is defined as the resistance of the passage of water under hydrostatic head pressure. 


Dampproofing

VT

 Dampproofing is defined as the
resistance of water in the absence L
of hydrostatic head pressure.

will not bridge cracks in concrete “ - 3
that may occur during the lifeofa .
building.

e Dampproofing materials typically / )
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Dampproofing is defined as the resistance of water in the absence of hydrostatic head pressure. Dampproofing materials typically will not bridge cracks in concrete that may occur during the life of a building. It is important to understand this, as without proper drainage there can be the presence of hydrostatic pressure and as discussed earlier, the concrete will crack. 


Vaporproofing

e A material that is totally immune
to the passage of a gas under
pressure

e Vapor diffusion - transmission of
water vapor, independent of air
pressure, as a result of a
difference in vapor pressure

e Limitations using waterproofing
coatings
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A vaporproofing material is one that is totally immune to the passage of a gas under pressure. Vapor diffusion occurs due to differences in vapor pressure, and below grade, this is the method of moisture movement that needs to be considered. Above grade, there is moisture movement by air pressure differentials, but this is negligible when below grade. It is important to understand this vapor movement when it comes to the selection of waterproofing materials or various floor coatings and their vapor permeance. If materials are used that are not breathable, such as a number of urethanes and epoxies, and they are subject to vapor diffusion, premature failures of these coatings can occur as a result. 


Below Grade Systems

e Waterproofing

e Vaporproofing

* Drainage




Water Control System

e Deflection - shed water - site
planning, landscaping

deflection

* Drainage

e Provide capillary breaks

ﬁ © Building Science Corporation. Reprinted with permission

* Provide waterproofing systems
drainage



Presenter
Presentation Notes
As we had talked about earlier, this is the most important control layer from the standpoint of moisture control.  

The sources of water can include rain/groundwater or wet materials enclosed (whether from environmental conditions or from actual construction).  This water needs to be controlled and allowed to “get out”.  This can be accomplished by incorporation of materials to allow deflection of water, for example eaves, or layering of materials in order to shed water.  If any water gets in, then it is allowed to “get out” via drainage, for example using flashing materials.  Whether this be from the cavity, or openings within the assembly.  Incorporation of a drainage space not only allows for the water to “get out”, it can provide ventilation and air flow to promote drying of the materials in this cavity.
Other components of this liquid control layer are the provision of capillary breaks to provide a disconnect between materials (for example, the air space in a cavity), and also very importantly is the incorporation of a waterproofing system that consists of a moisture resistant material within the assembly.  This can be a membrane or material that is installed on the structural component of the assembly.


Positive Side Waterproofing
System

e

Coating

heet membrane waterproofing

luid applied membranes
Water Pressure

S
F
Cementitious waterproofing
F

lexible cementitious coatings

SE—— Py I- O te Cthn b O ar dS
e Composite drainage boards

Concrete
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Positive side waterproofing is a system that is applied to the exterior (or wet) side of the concrete. This is currently the most predominant type of waterproofing and includes all types of commercially available systems; blindside, self-adhesive, fluid-applied, and cementitious. This type of waterproofing protects the interior of the facility from moisture infiltration and also protects the structural components (concrete and steel). The primary advantage of positive side waterproofing is that it prevents water from entering the substrate. This can also help provide freeze/thaw protection in those climates where this occurs, as well as provide protection of the substrate from any potential corrosive components that may be in the groundwater. One major disadvantage of this type of waterproofing is that after installation the system is virtually inaccessible for repairs. The result of this is that any issues with the waterproofing system will be very costly to address. 

As mentioned, most of the waterproofing systems can be applied on the positive side and include sheet membranes, fluid-applied membranes, cementitious waterproofing, and flexible cementitious coatings. Most of these systems also require the use of a protection board to protect it from the backfill placed after membrane application. It is important to check with the manufacturer to determine this. Alternatively, composite drainage boards can act as a protection layer of the membrane, but will also provide great drainage around the structure, sometimes negating the use of drainage fill material. 


Negative Side Waterproofing
Systems
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 Crystalline waterproofing

 Flexible cementitious coatings

s,

Concrete
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Negative side waterproofing is applied to the interior face (or dry side) of the concrete. Such systems include cementitious coatings and crystalline materials. The key criteria for these materials is that they are able to withstand hydrostatic pressure that will be acting on the “bond” of the material. The breathability of these materials is important to prevent water vapor issues and debonding of the waterproofing system from the substrate. This can occur with non-breathable type systems such as epoxies or urethanes. The primary advantage of negative side waterproofing is that the area is fully accessible after installation so defects or required touch-ups can be repaired with no surface removal or intrusion to the substrate. Negative side waterproofing allows the water into the substrate, which may be an advantage (curing), but also a disadvantage as there are potential issues such as corrosion and deterioration from freeze-thaw. Negative side waterproofing systems can typically be broken down into crystalline waterproofing and flexible cementitious coatings. 



Material Selection

e Working life of product
e Cost

 Adherence to substrate
 Puncture resistance

e Resealability

e Flexibility

e Ease of application

e Installation costs
 Credibility of manufacturer
 Warranty program



Types of Materials

e Sheet membranes

 Fluid-applied membranes

e Cementitious membranes

e Conventional and Blindside /——ﬂ;j
Applications &




Self-Adhesive Membranes

» Consist of SBS modified bitumen [ ’

“."flq]':i-;lf.--
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e High density polyethylene carrier
sheet

 Horizontal and vertical substrates

e Application includes a substrate
primer
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Self-adhesive membranes consist of a polymeric waterproofing membrane (rubberized asphalt) along with a high density polyethylene carrier sheet. There are some variations in these systems, such as differences in thickness, or carrier sheets, depending on the application. For example, when one of these materials is used with an asphaltic wearing course, the material is slightly thicker, and instead of a polyethylene carrier sheet, they have a heat resistance polypropylene carrier sheet to resist the heat of the asphalt. These systems can be applied both horizontally and vertically and the application does include a substrate primer or adhesive that is applied prior to the membrane. 

ully-adhered Membrane – it is fully bonded to the substrate preventing the channeling of water in behind the membrane that can potentially happen if a system were loose laid 

Factory Controlled Thickness – there is no reliance on the applicator of the material to provide the specific applied thickness 

Factory Salvage Edge – to address the overlap and edge of the membrane, provides continuity of the system 

High Resistance to Hydrostatic Pressure – i.e. 240' (73m) of hydrostatic head pressure 

High Chemical Resistance – resists attack from many naturally occurring chemicals. It is important that the manufacturer be consulted on this to ensure that the material will be able to withstand the conditions that it will be applied under. 

Cold Applied – eliminates need for heating equipment and danger from hot materials 

Easy to Apply – once the substrate is prepared, it is then primed, the backing is peeled off during the application and some say it is similar to applying wallpaper. The membrane is then rolled and any penetrations and terminations are detailed with a compatible mastic. 

Excellent Elongation and Flexibility – to address movement, crack bridging small cracks 

Compatible With a Number of Substrates – it is important to ensure that the substrate is relatively smooth to ensure full bond of the membrane 



Thermofusible (Torch-On) Membranes

e Consist of SBS modified bitumen
membrane

e Reinforced with non-woven fibreglass

 Horizontal and vertical substrates

e Application requires use of an open flame
propane torch to heat the lower side,
allowing membrane to fuse with substrate
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Many of the characteristics of the torch-on systems are similar to self-adhesive systems and include: 

Fully Adhered Cohesive System – full adhesion of the membrane to the substrate 

Factory Controlled Thickness 

Flexible and Excellent Elongation 

Good Resistance to Chemicals and Hydrostatic Pressure 

Excellent Joint Detail – since the membrane is heated so that it is flowable, there really are no joints in the system so it provides good continuity 

Although a very good system, it is very dependent upon the applicator, more so than other types of systems. The applicator needs to be fully trained and aware of the safety concerns that arise when using an open flame. In addition, it is important to heat the membrane to a certain temperature so that it is flowable. At this point, application on a vertical surface can be quite tricky, horizontally, not so much. 

ully-adhered Membrane – it is fully bonded to the substrate preventing the channeling of water in behind the membrane that can potentially happen if a system were loose laid 

Factory Controlled Thickness – there is no reliance on the applicator of the material to provide the specific applied thickness 

Factory Salvage Edge – to address the overlap and edge of the membrane, provides continuity of the system 

High Resistance to Hydrostatic Pressure – i.e. 240' (73m) of hydrostatic head pressure 

High Chemical Resistance – resists attack from many naturally occurring chemicals. It is important that the manufacturer be consulted on this to ensure that the material will be able to withstand the conditions that it will be applied under. 

Cold Applied – eliminates need for heating equipment and danger from hot materials 

Easy to Apply – once the substrate is prepared, it is then primed, the backing is peeled off during the application and some say it is similar to applying wallpaper. The membrane is then rolled and any penetrations and terminations are detailed with a compatible mastic. 

Excellent Elongation and Flexibility – to address movement, crack bridging small cracks 

Compatible With a Number of Substrates – it is important to ensure that the substrate is relatively smooth to ensure full bond of the membrane 



Fluid-Applied Membranes

 Hot Applied Systems

e Cold Applied Systems
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Self-adhesive membranes consist of a polymeric waterproofing membrane (rubberized asphalt) along with a high density polyethylene carrier sheet. There are some variations in these systems, such as differences in thickness, or carrier sheets, depending on the application. For example, when one of these materials is used with an asphaltic wearing course, the material is slightly thicker, and instead of a polyethylene carrier sheet, they have a heat resistance polypropylene carrier sheet to resist the heat of the asphalt. These systems can be applied both horizontally and vertically and the application does include a substrate primer or adhesive that is applied prior to the membrane. 

ully-adhered Membrane – it is fully bonded to the substrate preventing the channeling of water in behind the membrane that can potentially happen if a system were loose laid 

Factory Controlled Thickness – there is no reliance on the applicator of the material to provide the specific applied thickness 

Factory Salvage Edge – to address the overlap and edge of the membrane, provides continuity of the system 

High Resistance to Hydrostatic Pressure – i.e. 240' (73m) of hydrostatic head pressure 

High Chemical Resistance – resists attack from many naturally occurring chemicals. It is important that the manufacturer be consulted on this to ensure that the material will be able to withstand the conditions that it will be applied under. 

Cold Applied – eliminates need for heating equipment and danger from hot materials 

Easy to Apply – once the substrate is prepared, it is then primed, the backing is peeled off during the application and some say it is similar to applying wallpaper. The membrane is then rolled and any penetrations and terminations are detailed with a compatible mastic. 

Excellent Elongation and Flexibility – to address movement, crack bridging small cracks 

Compatible With a Number of Substrates – it is important to ensure that the substrate is relatively smooth to ensure full bond of the membrane 



Hot Applied Systems

e Rubberized asphalt compound

e Adheres to virtually any structural surface

e Built up system - can provide good
waterproofing protection

* Lower elasticity compared to other
systems due to reinforcing sheet

e Safety during application could be a factor
— experienced installer with specialized
equipment
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Hot rubber waterproofing systems consist of a rubberized asphalt compound that forms a strong, flexible, monolithic waterproofing membrane that adheres virtually to any surface, even rough uneven surfaces. Once applied, it is monolithic and free of seams. Also, very importantly, it is watertight, eliminates water migration. 

It offers strong protection because of the method of application. It is typically applied by a certified or approved waterproofing specialist, fully trained in its application and aware of the safety concerns when using a hot system. A typical application consists of priming the surface first. The product is then applied in layers: the first coat of hot liquid rubber is applied; the fabric reinforced sheet is then quickly and firmly pressed into that hot layer; a second coat of hot liquid rubber waterproofing is then applied. Because of this reinforcing fabric, the elasticity is low.   And because it is Hot you have to be very careful - the best is to have it applied by a certified specialist.  Reinforcing is added to allow second layer to become integral with the first layer.  More importantly this second layer of membrane was used to address pinholing that was seen to occur in membranes during their introduction.  Initially hot rubber membranes were applied in one coat at 180mils.  Too much moisture in the concrete resulted in pinholing and failure of the membrane.



Cold Applied Systems

 One component and two component

Polymer modified

Water-based products

Multiple applications

e Provides a seamless membrane

Can be applied to “green” concrete **
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Self-adhesive membranes consist of a polymeric waterproofing membrane (rubberized asphalt) along with a high density polyethylene carrier sheet. There are some variations in these systems, such as differences in thickness, or carrier sheets, depending on the application. For example, when one of these materials is used with an asphaltic wearing course, the material is slightly thicker, and instead of a polyethylene carrier sheet, they have a heat resistance polypropylene carrier sheet to resist the heat of the asphalt. These systems can be applied both horizontally and vertically and the application does include a substrate primer or adhesive that is applied prior to the membrane. 

ully-adhered Membrane – it is fully bonded to the substrate preventing the channeling of water in behind the membrane that can potentially happen if a system were loose laid 

Factory Controlled Thickness – there is no reliance on the applicator of the material to provide the specific applied thickness 

Factory Salvage Edge – to address the overlap and edge of the membrane, provides continuity of the system 

High Resistance to Hydrostatic Pressure – i.e. 240' (73m) of hydrostatic head pressure 

High Chemical Resistance – resists attack from many naturally occurring chemicals. It is important that the manufacturer be consulted on this to ensure that the material will be able to withstand the conditions that it will be applied under. 

Cold Applied – eliminates need for heating equipment and danger from hot materials 

Easy to Apply – once the substrate is prepared, it is then primed, the backing is peeled off during the application and some say it is similar to applying wallpaper. The membrane is then rolled and any penetrations and terminations are detailed with a compatible mastic. 

Excellent Elongation and Flexibility – to address movement, crack bridging small cracks 

Compatible With a Number of Substrates – it is important to ensure that the substrate is relatively smooth to ensure full bond of the membrane 



Blindside Waterproofing Systems

e Drainage and waterproofing
membranes are installed before the
concrete structure is poured

e Typical projects include jobs where
property lines and/or nearby
structures limit excavation and
access

e Membrane is installed over a soil
retention system and not the
concrete


Presenter
Presentation Notes
A third type of waterproofing systems that consist of sheet applied membranes are blindside systems. Not all blindside systems are sheet goods, but the majority of them are. So, before going any further, let’s define what a blindside waterproofing system is. 

A blindside waterproofing system is a method of applying the system “backwards” due to site constraints. The drainage and waterproofing membranes are installed before the concrete structure is placed and in order to accomplish this, the systems are installed over a soil retention system. These methods can include wood lagging, shot-crete, caissons, and a number of other methods. Typical projects where this type of system is prominent are in urban areas where property lines or nearby structures limit the excavation and access to the site. 


Bentonite Sheets

Ability to heal itself if ripped,
punctured, or cracked

 Works in the presence of water

e Form a tenacious mechanical bond

Get wet prematurely



Presenter
Presentation Notes
Prefab panels of kraft biodegradeable paper or HDPE and non-woven fabric, or just fabric
Sodium bentonite not calcium bentonite – swells up to 15 times dry volume but to be effective as a waterproofing, must be compressed under constant pressure to 3 or 4 times 
Needs moisture to work, partial hydration could be an issue, could be an issue with wetting and drying as it needs to remain wet
Soil contamination could affect product
Detailing is difficult, multiple layers, jointing
Remain dry during installation


Spray Applied Membranes

e Chemically bonds to concrete once
poured

e Used in conjunction with a drainage
board

e Very dependent upon the details
over the soil retention system



Presenter
Presentation Notes
Field installed.  Polymer modified asphalt sprayed onto the backside of a drainage board.  Following this fabric with bentonite granules and HDPE


Sheet Membranes

e HDPE membrane with pressure-
sensitive adhesive and a weather-
resistant protective coating.

e Bituminous membranes that
incorporate the embedment of
membrane into concrete once
poured as it contains nylon fibres







Difficult Details

Two Most Important Waterproofing
Principles — Michael Kubal

e First Principle

* 90%/1% principle - most of the
leaks result from 1% of an envelopes
total exterior surface area

e Second Principle

®* 99% of leaks are attributable to
causes other than material or system
failures




embrane Protection

* Protection Boards

* Prefabricated Drainage
Layers




Protection Boards

Designed to protect membrane from
construction damage

Act as a separator with some
membranes to prevent “dragging”
due to settlement

Protection of the membrane from UV
exposure prior to backfill




Prefabricated Drainage Layers

e Dimple-raised, molded polystyrene
sheet

e High strength polypropylene fabric

e Part ofa COMPLETE
WATERPROOFING SYSTEM



Presenter
Presentation Notes
Both the core and the fabric are designed to perform functions of the system. 

The core needs to be designed to act as a conduit to let water pass through, and also needs to be able to withstand the soil pressures placed against it so that it doesn’t collapse. If a collapse were to happen, the dimples would be crushed and there would be no avenue for water flow. 

As for the fabric, this needs to have a high enough flow rate so that the water will pass through the fabric to the core, but also must be designed to withstand the soil pressures without tearing, and at the same time must prevent any soil particles from passing through. If soil particles do pass through, over time the build-up of soil between the dimples of the core will prevent proper drainage. 

Some of the features of prefabricated drainage boards are: 
High flow capacity – no clogging 
High compressive strength 
Easy to install 
Chemically resistant to all naturally occurring soil conditions 
Eliminates excessive excavation 
Eliminates need for drainage fill 



Prefabricated Drainage Layers
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Presenter
Presentation Notes
Both the core and the fabric are designed to perform functions of the system. 

The core needs to be designed to act as a conduit to let water pass through, and also needs to be able to withstand the soil pressures placed against it so that it doesn’t collapse. If a collapse were to happen, the dimples would be crushed and there would be no avenue for water flow. 

As for the fabric, this needs to have a high enough flow rate so that the water will pass through the fabric to the core, but also must be designed to withstand the soil pressures without tearing, and at the same time must prevent any soil particles from passing through. If soil particles do pass through, over time the build-up of soil between the dimples of the core will prevent proper drainage. 

Some of the features of prefabricated drainage boards are: 
High flow capacity – no clogging 
High compressive strength 
Easy to install 
Chemically resistant to all naturally occurring soil conditions 
Eliminates excessive excavation 
Eliminates need for drainage fill 

As an example to show how well designed these products are for drainage, consider a drainage board with a ¼" dimple size. They have a 9 gallon per minute flow rate, which equates to having a garden hose turned on full every lineal foot along the wall. Now, considering this designed flow rate, and the fact that the U.S. Weather Bureau states that in North America, the maximum one hour rainfall is 5" per hour (which can be converted to 0.05 gallons per minute), comparing 9 gallons per minute to 0.05 gallons per minute, it is quite easy to see that they are over designed for water flow. As mentioned, the selection that is important is the compressive strength of the core so that it can withstand the pressures. 




For example:

e U.S. Weather Bureau states that in North America,
maximum 1-hour rainfall is 5” per hour

e 5” per hour =.05GPM

e 1/4” Thick Core - has A 9 GPM Flow Rate [Equal to
a garden hose every lineal foot of wall]

e 150 GPM on Fabric
e 10,800 psi Compressive Strength


Presenter
Presentation Notes
As an example to show how well designed these products are for drainage, consider a drainage board with a ¼" dimple size. They have a 9 gallon per minute flow rate, which equates to having a garden hose turned on full every lineal foot along the wall. Now, considering this designed flow rate, and the fact that the U.S. Weather Bureau states that in North America, the maximum one hour rainfall is 5" per hour (which can be converted to 0.05 gallons per minute), comparing 9 gallons per minute to 0.05 gallons per minute, it is quite easy to see that they are over designed for water flow. As mentioned, the selection that is important is the compressive strength of the core so that it can withstand the pressures. 


Cementitious Waterproofing

e Crystalline Waterproofing

 Flexible Cementitious Waterproofing


Presenter
Presentation Notes
After discussing a number of waterproofing membranes that are applied from the positive side of the wall, its time to move on to cementitious waterproofing materials; these are materials that can be applied on either side, whether it be positive or negative. 

There are two main systems that fall into this category: crystalline waterproofing, and flexible cementitious coatings.


Uses For Cementitious Waterproofing

 Waterproofing of foundations, slabs and walls
 Water and wastewater storage

e Potable water tanks & facilities

 Elevator shafts

e Parking garages

* Basements

e Secondary containment structures

e Swimming pools


Presenter
Presentation Notes
There are a number of areas where crystalline waterproofing can be used, positive and negative, including the following: 

Waterproofing of foundations, slabs and walls 
Water storage tanks in municipal and industrial waste water 
Potable water tanks and facilities 
Elevator shafts 
Parking garages 
Basements 
Secondary containment structures 
Swimming pools 



Crystalline Waterproofing

Cement, silica and proprietary chemicals

Form a crystalline structure in the presence of water
and plugs pores, capillaries, micro-cracks and other
voids

e Becomes integral with the concrete

e Questions arise due to waterproofing of cracks

Can be surface applied, added directly to the mix, or
sprinkled on fresh slab



Presenter
Presentation Notes
Crystalline waterproofing materials can be used in a variety of waterproofing applications. The materials consist of cement, silica, and some proprietary chemicals. They work by forming a crystalline structure in the presence of water, ultimately plugging the pores, capillaries, micro-cracks, and other voids in the concrete. One of the advantages is that the product becomes integral with the concrete. When it comes to the waterproofing of cracks which will develop, there are different arguments about whether this works or doesn’t. There is the possibility of crystalline materials activating in a micro-crack and sealing off that crack, but cracks of significant size will require other methods of waterproofing. There is also the potential for concrete to “self-seal” in some situations, so the question comes up…Is the crystalline doing this, or is it the concrete itself? Since concrete does crack, and it is sometimes difficult to know where these cracks will occur, crystalline materials may not be the most effective method in some situations. 

Application of crystalline materials can be done in one of three ways. The first and most popular method is where the product is mixed up and surface applied to the concrete. It can also be added directly to the concrete at the ready mix plant, or it can be sprinkled onto a fresh concrete slab, similar to the method of application for dry shake hardeners. 






Limitations

It will not waterproof...

e Construction joints

* Expansion joints

e Larger, dynamic cracks

e Failing waterstops

e Areas of poor concrete consolidation

e Penetrations through concrete sections


Presenter
Presentation Notes
There are a number of areas where crystalline waterproofing can be used, positive and negative, including the following: 

Waterproofing of foundations, slabs and walls 
Water storage tanks in municipal and industrial waste water 
Potable water tanks and facilities 
Elevator shafts 
Parking garages 
Basements 
Secondary containment structures 
Swimming pools 



Flexible Cementitious Waterproofing

Polymer-modified cementitious coating

Breathable and flexible

Various formulations based on application

Positive or negative

Chemically-resistant versions available

Crack bridging capabilities - 1/16”


Presenter
Presentation Notes
Other types of cementitious material that are available are flexible cementitious coatings. These products can be applied in the same applications as crystalline materials because they possess similar characteristics from the standpoint they are breathable, and therefore can be used on both the positive and negative side of a wall. However, they are far superior in a number of other characteristics. Along with breathability, they are polymer modified, providing great elongation and flexibility of the coating, which not only allows for movement if it happens, but also provides the material with crack bridging capabilities. The product can bridge cracks typically up to 1/16" and can be used in larger cracks utilizing non-woven fabrics and a specific application procedure where this fabric is embedded into the coating. 


Flexible Cementitious Waterproofing

e Surface preparation
 Sound concrete surface

e Thorough cleaning, high
pressure water

e Treatment of inside corners

e Patching and joint/crack
treatment

e Penetration treatment

 Saturated, surface dry
condition



Presenter
Presentation Notes
Other types of cementitious material that are available are flexible cementitious coatings. These products can be applied in the same applications as crystalline materials because they possess similar characteristics from the standpoint they are breathable, and therefore can be used on both the positive and negative side of a wall. However, they are far superior in a number of other characteristics. Along with breathability, they are polymer modified, providing great elongation and flexibility of the coating, which not only allows for movement if it happens, but also provides the material with crack bridging capabilities. The product can bridge cracks typically up to 1/16" and can be used in larger cracks utilizing non-woven fabrics and a specific application procedure where this fabric is embedded into the coating. 


Flexible Cementitious Waterproofing

e Application
e Brush or spray apply
e Two coat application

e [f concrete is less than 6 weeks
old, embed woven reinforcing
fabric throughout application

e If concrete is older than 6 |
weeKks, just use fabric over any
existing cracks

e Air cure for 48 hours



Presenter
Presentation Notes
The actual application of the coating is relatively simple. It can be brush or spray applied, and is applied in a two coat application. If the coating is to be applied on concrete that is less than six weeks old, it is recommended that reinforcing fabric be embedded into the first coat of the material. The reasoning for this is that the concrete has the potential to crack, and these locations are unknown, so if there is some cracking the system will be able to accommodate those cracks, to a certain extent depending on their size, and still waterproof the structure. If the concrete is older than six weeks, any existing cracks are to be repaired using the method mentioned earlier and then the coating can be applied over the whole surface. 

Upon completion and prior to use, the coating needs to be air cured for a minimum of 48 hours. 

Following are a number of pictures showing different applications…  


Vapor Barriers / Vapor Retarders

Designed with low water vapor

permeance

Superior Puncture resistance
Compatible with surrounding soil

Robust and durable over the life of the

building

Can serve a dual role as a waterproofing

(dependent on material)

POURED CONCRETE
FOUNDATION WALL

4" WIDE
PERMINATOR,TAPE

4" WIDE

PERMINATOR, TAPE PERMINATOR;

PERMINATOR;

GRAVEL BED CONCRETE FOOTING



Features

 Polyolefin-based resin/chemical technology.
e Economical

e Water vapor and Radon

* Very low vapor permeance

e High puncture resistance and tensile strength



Industry Standards

« American Society For Testing Materials (ASTM)
e ASTME 1993 - 98: Bituminous Vapor Retarders
e ASTM E 1745 - 11: Plastic Vapor Retarders
e ASTM E 1643 - 98 Standard Practice For Vapor Retarders

 American Concrete Institute (ACI)
e ACI 302.1R-04 - Guide For Concrete Floor and Slab Construction

e ACI 302.2R-06 - Guide For Concrete Slabs that Receive Moisture Sensitive
Flooring Materials



Vapor Retarder Placement

e Cushion or Blotter Layer

 Arguments for and against this layer

e Possible Curling

e Possible flooring failure P -



Presenter
Presentation Notes
Provides a means for “ water of convenience “ ( bleed water ) to exit freshly placed concrete in order to minimize the potential for:
	Slab curling
	Plastic shrinkage cracking
	Extended periods of time between placement and finishing 	operations

Provides protection for the vapor barrier material from jobsite traffic and abuse

Arguments Against:

Increased drying time of the slab to attain recommended moisture content levels for the installation of flooring systems

Vapor retarders are still easily damaged despite having a cushion of sand or gravel to protect them

Proper water/cement ratio and curing procedures prevent slab curling and plastic shrinkage cracking
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Summary

 Number of different types of systems available
* Not one system for every project

* Determine project requirements

e Select systems accordingly

e Utilize proper application techniques


Presenter
Presentation Notes
Waterproofing of a structure constitutes an essential component in long-term durability and performance in design and construction, represents a key element of any project, and as a result, should command significant attention. Moisture infiltration and humidity can cause serious damage, and if water in liquid form is present, the impact can be catastrophic; there can be structural failure, or the structure can become uninhabitable. 

As discussed, certain systems make sense for specific applications and situations. For example, in a blindside application, a sheet membrane may be preferred over an integral crystalline waterproofing material for a number of reasons; the membrane prevents the moisture from penetrating into the concrete, where this moisture could result in freeze/thaw and corrosion problems. At the same time, the membrane provides moisture protection despite weaknesses in the concrete substrate that could include cracking and poor consolidation. 

A number of additional waterproofing systems are available in the marketplace, including epoxies and urethanes designed for specific applications. The critical issue in evaluating and specifying materials for any potential application is the realization that all systems and technologies come with strengths and limitations, and no one solution is the answer for every application. 

As with any project, the role of the participants in the design and construction team is critical in the success of the waterproofing system, and when considering such technologies for long-term performance, the team approach is a must.  During design, the architect needs to consult the manufacturer to ensure that the correct material is being selected and is being incorporated correctly. During construction, it is essential that the installer be fully trained in the application of the system, and is able to communicate any concerns that may arise during this installation. This will lead to the assurance that the waterproofing has been installed correctly and any potential issues have been addressed. 

Moisture infiltration into a structure is one of the most common sources of litigation, making selection and installation of the correct waterproofing system pivotal to mitigating the risk of any immediate or longer-range problems, as no one solution is the answer for every situation. 
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