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How to use this Online Learning Course
e Read and review the material contained in this course.

e Each slide may contain additional instructor comments. To view these
comments, double-click on the e icon. Then, click on the comment
window to scroll through the text.

e To view this presentation, use the Up and Down Arrow Keys for
navigating through the slides

e To receive a certificate indicating course completion, refer to the
instructions at the end of this seminar.

e For additional information, you can click on the links at the top of each
page.

e To quit this course, hit the ‘ESC’ key.
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Instructor's comments
How to use this Online Learning Course 
• Read and review the material contained in this course.
• Each slide may contain additional instructor comments. To view these
comments, double-click on the icon. Then, click on the comment
window to scroll through the text.
• To view this presentation, use the Up and Down Arrow Keys for
navigating through the slides
• To register this course for continuing education credit, refer to the
instructions at the end of this seminar.
• For additional information, you can click on the links at the top of each
page.
• To quit this course, hit the ‘ESC’ key.
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LEARNING OBJECTIVES

@ e At the end of this seminar, participants will be able to:

— ldentify the different roof systems

— Have an understanding of each systems strengths and
weaknesses

— Be familiar with industry statistics concerning different roof
systems performance
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Instructor's Comments
Today’s Construction Market is becoming more technical and changing faster than ever.  

Therefore, decisions about any part of the construction process is more and more difficult.  And, Roofing offers many solutions to the age old problem, “how do we keep the water out of the building”.  
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Roof \'ruf\n: the cover of a building

@ e Life Expectancy
— Material & Workmanship quality

e Deliver Extraordinary Performance
— Keep water out

e Aesthetics
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Instructor's comments
The “Building Cover”, or roof, bust bring three major characteristics when it’s built.  The Roof must:

Life Expectancy – A roof is one of the major investments a building owner can purchase.  Most likely, the building won’t need a new exterior, major structural component or interior concrete floor.  The building may need  new windows, caulking and coatings. These items can be expensive to replace, (especially if the building is a curtainwall structure).  But, the roof is a much larger expense, second only to a new parking lot.   Material and worker quality both have a significant impact on the amount of time a roof will last on a building.  And, as it’s a major investment, it shouldn’t be taken lightly.

Extraordinary Performance - The roof must perform in the most harsh environment of the building.  Think of it, the horizontal roof surface is constantly being bombarded with Ultraviolet rays, rain, hail, sleet, snow, wind and foot traffic, not to mention the intentional abuse from HVAC Contractors, Electricians or vandals.  Walls shed water fast, roofs move water slowly to drains on low slope roofs.

Protect against the rough environment is resides.

Provide a reasonable life expectancy and return on the investment make.  

Aesthetics – The roof should look good.  
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Where do you begin?

@ . Environmental Issues
e Building Codes
e |nsurer Regulations

e Budget
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As the roofing or reroofing project is a major expense, (2% of the cost of the building), we’re dealing with a major cost item for the building owner.  And, roofing is complex with thousand’s of products and systems to choose from.  Where does the design professional or building owner start to determine what system is best for the building?

- Building use – What is the facility used for?  Is there high humidity that requires use of a vapor retarder?  Is there a payback for insulation used on the roof or is it better to let heat loss occur to cool the building below?  What kind of foot traffic will be on the roof?  Is it critical the system doesn’t leak….. Is there an operating room below? Or some other operation that is very expensive to shut down?

Environmental issues – The roof is subjected to various influences.  What part of the country is the building located; are there chemicals spilled on the roof during use;  If reroofing, is there asbestos present;  will the odor of hot asphalt/coal tar or plastic/rubber adhesives affect the occupants of this or nearby buildings? These are just a few of the questions to include in the evaluation. 

Building Codes – What building code is dictated by the authority having jurisdiction?  Is it BOCA 84, 93, 96?  SBCCI, ICBO or the new International Building Code?  The new IBC has wind resistance requirements greater than the BOCA, SBCCI and UBC/ICBO Codes.  Remember, the authority having jurisdiction must be involved early to assure proper roof selection.  

Insurers – Property Insurance firms may have requirements more stringent than code requirements to reduce risk of payout….and business interruption.  Imagine no roof on your client’s building for a period of time.   How long will they remain in business?

Budget – Yes, the world rotates on dollar bills.  The building gets what the budget allows!  This opens up many other choices…  In new construction, maybe the building isn’t built if the roof cost reflects a high quality system.  In reroofing, when the client wants a long lasting, higher quality roof, maybe it means building the roof in sections, over a 5 year period.

Regardless, consider these few questions as a starting point.  
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Options

@ e Built-Up Roofs
e Single Ply Membranes
e Modified Membranes
e Fluid Applied Membranes
e Metal Roofing

e Sprayed-in-place Urethane Foam
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Instructor's comments
In roofing decisions, once the basics are discussed, the roof membrane choice will become apparent.  The roofing industry is quite large with many opportunities for those who choose to participate.  There are six basic categories of roofing materials available on the roofing market today.  
- Built-Up Roofs
- Single Ply Membranes
- Modified Membranes
- Fluid Applied Membranes
- Metal Roofing
- Sprayed-in-place Urethane Foam
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Option 1 - Built-Up Roofs
@ e Traditional Layered Roofing

e Plies-Bitumen-Surfacing

e Hot or Cold Systems
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Instructor's comments
Built up roofs are available in many forms. 

Traditional Layered Roofing – Traditional built up roofs refer to:

Felts - fiberglass, polyester, organic, or composite ply felts are used depending on  strengths or flexibility required.  

Bitumen - Asphalt or coal tar is the basis of the Built up Roofing system.  The bitumen provides the waterproofing to the system.   Asphalt systems are used more than Coal Tar due to the increased risk of worker injury 

Surfacing - topped with a coating, gravel, granules or pavers depending on the design and application, a surfacing provides sunlight and environmental protection to the system.   

Hot / Cold asphalt - Built up roofs come in many flavors… Hot asphalt systems are applied at about 375F – 450F.  Coal Tar Systems are mopped at 355F – 375F.  The Rubberized asphalt systems are applied in a multi ply system providing excellent elongation and low temperature flexibility properties. (-50F).  
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Pros & Cons of BUR

@ Pros cons
e True waterproofing e High labor costs
e Maintainable e Slower installation

e Ply redundancy
e Abuse tolerant
e Low life cycle cost
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Built up roofing systems made of asphalt continue to hold market share even with the onset of many single ply competitors.  

Asphalt is a refined petroleum product available in four grades for various applications and slopes from dead level to “steep” applications.  Each grade has a high temperature heating limit, with type IV possessing the “hottest” properties, making it excellent for adhering Modified Bitumen roofing membranes.  Asphalt is an excellent waterproofing medium that, when combined with fiberglass or polyester felt, forms an excellent roofing system.  Even though it is actually lighter than water in it’s chemical composition, it still resists water entry into the structure.  Asphalt systems can be maintained with the many types of restoration products including gravel adhesives , coatings and granules.  

BUR’s multi ply redundancy, mass and strength make it perfect for most environments, especially those with high roof traffic (abuse) with a longer life expectancy than single ply roofs according to NRCA’s Project Pinpoint.  (14 – 18 years for BUR Roofs vs. 6-12 for single plys)
BUR “CON’s include the distinctive smell of asphalt or coal tar as it is heated in a “kettle” that can be offensive to some people.  More and more, clients are complaining about construction “smells”.  To stage the kettle, there is disruption in the client’s parking lot or grounds as an area must be kept clear for the dangerous kettle.  More importantly, kettles are heated with propane tanks.  Propane tanks, if damaged, can become missiles that cause considerable damage if careless.  

Additional CON’s include a chemical composition that is lighter than water; has no cold weather flexibility; has no “cold flow” to reseal itself, and is highly sensitive to overheating (fallback can occur).  Adhesion is affected by rapid cooling once asphalt is set in place, limiting the time an applicator has to work in felt or insulation boards.  
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Hot Built-Up Roofs
e History

e Hot asphalt
(375° - 450° F)

e Tar (Coal Tar Pitch)
rarely used today
(355%- 375° F)
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Pros & Cons of Hot BUR

Q@ pios cons
e Relatively inexpensive < Hot kettles
e Proven e Odor
e Long history e Adhesion

e Disruption
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Asphalt is a refined petroleum product available in four grades for various applications and slopes from dead level to “steep” applications.  Each grade has a high temperature heating limit, with type IV possessing the “hottest” properties, making it excellent for adhering Modified Bitumen roofing membranes.  Asphalt is an excellent waterproofing medium, when combined with fiberglass or polyester felt, forms an excellent roofing system.  Even though it is actually lighter than water in it’s chemical composition.

Built up roofing systems made of asphalt continue to hold market share even with the onset of many single ply competitors.  It’s redundancy, mass and strength make it perfect for most environments with a longer life expectancy than single ply roofs according to NRCA’s Project Pinpoint.  (14 – 18 years for BUR Roofs vs. 6-12 for single plys)

Disadvantages include a chemical composition that is lighter than water; has no cold weather flexibility; has no “cold flow” to reseal itself, and is highly sensitive to overheating (fallback can occur)  as well as rapid cooling once set in place, limiting the time an applicator has to work in felt or insulation boards.
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Cold Built-Up Roofs
@ - New technology (20 yrs old)

e No hot kettles

e Spray applied or
squeegee

e Low odor

e Excellent for sensitive environments

powered by AECDAILY

Copyright© 2002 Tremco Incorporated Slide 12 of 39


http://www.AECdaily.com
Instructor's comments
Cold applied Built up roofs are constructed much like a hot applied system, but minus the smelly kettles, propane fire and heat hazards.  Cold applied systems have been on the market for between 0 and 20 years, depending on the manufacturer, some with excellent success.  Applied by either spray (fast production) or squeegee (prevent’s overspray) their ability to provide excellent waterproofing and adhesion without heat has proven them well qualified to survive in the tough roofing market. 

Advantages include relatively odor free application, outstanding waterproofing abilities,  solvent cure delay before the material is fully cured meaning the asphalt aging process doesn’t start to occur up to 5 years, and ease of application.  
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Pros & Cons of Cold BUR

@ pros cons
e No kettles e Higher initial costs
e Spray/Sgqueegee e 30 day cure
e Forgiving
e Not temperature
dependant

e |deal for limited roof
access
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Instructor's comments
CON’s are basically the precautions needed to work with this type of material.  Due to the slow cure time, foot traffic and storage should be kept to a minimum on the newly placed roof.  And, slope is limited to 4” in 12”.  

One disadvantage is that during application, workers are not to bring heavy traffic over the roof surface for the first 30 days.  This is because the asphalt is not yet cured enough to support the traffic.  However, the less traffic on a newly completed roof, the better the quality of the application.  As the material has some flow until it’s cured, the slope limitation is 4” in 12”.  Also, the initial cost of a cold BUR can be higher than a regular BUR due to it’s unique nature.  
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Option 2 - Single Ply
@ - Rubber or Plastic

e One ply with seams

e Usually loose-laid,
fastened or glued
to Insulation

e Black or White
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Instructor's comments
There are basically two types of single ply roofing membranes, “Rubber” (ThermoSet) and “Plastics” (ThermoPlastics).  The rubbers are typically flexible, soft membranes that have glued seams, while Plastics are usually reinforced with heat welded seams.  The new “TPO” version of the thermoplastic is adhered in the field, yet seams are heat welded.  

Both types of membranes are able to be loose laid (attached only at perimeters), mechanically fastened (usually at seams) or adhered to the substrate with contact cements. Rubber membranes tend to be black, where the plastics are available in black or white.  
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Single Ply Roofs

e Membrane Types
— EPDM - ethylene propylene diene monomer
— CPE - chlorinated polyethylene
— CSPE - chlorosulfonated polyethylene
— PVC - polyvinyl chloride
— PIB - polyisobutylene
— TPO - thermoplastic polyolefins
— TPA - tri-polymer alloy
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Instructor's comments
EPDM – EPDM is the most prevalent single ply system on the market today.  Developed first for use as pond liners, Rubber Sheets have been used for roof membranes since the late 60’s.  Their popularity did not rise until the mid 70’s, during the oil shortage when asphalt prices rose and availability declined considerably, causing owners to look for substitutes.  To overcome objections to their lack of proven in place performance, a “long term, manufacturer backed, leak free warranty” was developed to “prove” confidence in the system.  EPDM Membranes are typically between 45 and 60 mils thick and unreinforced.  In some cases, a reinforced EPDM is available for added strength.  EPDM is available in Ballasted, Mechanically Fastened (reinforced EPDM) and Fully adhered versions, the material is quite versatile.  

Thermo Plastic single ply membranes consist of polyvinyl chloride (PVC) in both reinforced and non reinforced versions, Chlorinated polyethylene (CPE), Chlorsulphinated Polyethylene (CSPE – Hypalon) and Thermo Plastic Olefin (TPO). 


Instructor's comments
PVC, developed also in Europe, was the first thermoplastic membrane to enter the market, at about the same time as EPDM (70’s).  It was marketed first in a non-reinforced version (which is no longer available) and applied either ballasted or spot adhered to mechanically fastened plates, with seams heat welded.  PVC is typically a very hard product, like white plastic piping seen in residential construction.  To attain a flexible membrane formulation, plasticizers were added to “soften” the material.  Although an excellent concept in the laboratory, this method had problems once aged in the field. The Unreinforced PVC experienced problems with plasticizer migration out of the membrane which resulted in the material becoming quite brittle.  Upon reaching cold temperatures at about year 12 – 14, the membrane “shattered” on the roof, exposing the building interior to leaks.    

Reinforced (either fiberglass or polyester reinforcement)  PVC membranes have been marketed since the late 70’s, and are applied with mechanically fastened seams, fully adhered or ballasted.  Reinforced PVC membranes are currently the only PVC’s available on the market.  Reformulation of the product proved effective to prevent the plasticizer migration and subsequent shattering in the field.  Some mechanically fastened systems may experience seam damage due to fluttering of the membrane during wind loading conditions.  PVC products have also been used as waterproofing in some applications as well.   



Instructor's comments
CPE Membranes were developed and marketed in the early 80’s.  This white, fabric reinforced membrane, supplied in about 3’ wide rolls, is mechanically fastened at the seam to the substrate, then heat welded together.  Although practical in some climates, in coastal areas, it was found that red algae would attack the membrane causing embrittlement and eventual failure.  The membrane is still available, but not nearly as strong a factor in the market as it had been.  

CPE systems limitations were handled through the development of CSPE.  CSPE (Hypalon), was developed on the same design parameters as CPE with reinforcing, heat welded seams and typically a mechanically fastened seam configuration.  CSPE’s advantages, like CPE, is it’s white color, which reduces membrane heat absorption and temperature of the membrane.  This reduced temperature eases HVAC requirements and reduces thermal shock to the membrane.  CSPE’s limitations include continuous curing of the membrane such that patching is difficult after a period of time.  CSPE’s continue to be marketed today, but not to the extent of the newer “TPO” systems.

TPO roof membranes are the newest entry to the market.  TPO’s are typically marketed as 40 mil thick white membranes, with 20 mils of polymer membrane and 20 mils of a “fleece” fabric.  There are, however, TPO like membranes with fleece backing available up to 120 mils thick.  The fabric accepts the adhesives or hot asphalt used to adhere the membrane to the substrate.  The advantage of TPO is that it can be both fully adhered and heat welded for a strong, permanent seam, can be fully adhered economically like EPDM, and is reinforced for strength as well.  

Advantages of Thermoplastic membranes include: The heat welding process is used for both versions of PVC, CPE, CSPE and TPO.  High temperature air applied through a  self propelled machine is used to “weld” seams together for a strong, permanently bonded seam;  A lightweight assembly when used as smooth surface;  high tensile strengths due to the polyester or fiberglass reinforcement which eliminates the need for reinforcing bars that Thermosets require at the seam.  And, the TPO version seems to be the best of both worlds, Thermoset and Thermoplastic, by combining the fully adhered characteristic of Thermoset membranes with the heat welded seams of thermoplastics.  

Disadvantages include lack of memory; once the membrane has been stretched, it will not return to it’s original state like thermoset membrane or rubberized asphalt.  As with all single ply systems, there is not redundancy to protect the building from even small punctures.  Installed costs are greater than ballasted thermoset systems. And, with the new TPO Membranes which have only been on the market about 3 years,  there are no ASTM Standards available to judge physical properties.
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Pros & Cons of Single Ply

@ rros cons
e Low Initial cost e No ply redundancy
e Quick installation e Thin Systems
e Elastomeric e Shrinkage/Embrittlement

e Seam problems
e Abuse Intolerant
e Pond intolerant
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The “rubber roof” has some excellent advantages over other roofs.  

The Ballasted single ply roof is the most inexpensive system on the market today.  For about $2 / SF, a ballasted single ply membrane can be installed, including flashings.  This is due to the fast installation inherent in single ply, ballasted applications.  Secondly, the membrane and installations can be highly elastomeric, allowing for some building movement.  And, although there are no kettles on the job site, there will be some odor due to the adhesives for the seams, substrate or both.  
Cons for Ballasted Systems include; 

Thin - Single Ply Systems are about 40 – 80 mils thick, (or thin if you prefer).  Remember, with a single ply, there’s only one ply between you and freedom.  

Leak Detection/Ballast Trouble - Leak detection on single ply gravel roofs is difficult as gravel must be removed to find a leak.  Repairs, once a hole in the membrane is found, are difficult as the dirt from the round, large gravel washes from the rock to the membrane forming a slime layer to clean before repairing.  The ballast weighs about 15 – 20 lbs / SF, adding considerable weight to the decking system, especially important in ballasted applications.  And, the quarries are running out of “round” gravel resulting in ballast with sharp edges that can puncture the membrane.  Additionally, there are no FM Tested and Listed Systems for wind ratings for ballasted roof systems as there is no guarantee that the ballast will stay in place.  Ratings are, however available through testing done by the Single Ply Roofing Institute.  Some areas of the country do not allow ballasted roof systems as the rocks become projectiles during a severe windstorm.   

Nonetheless, ballasted single ply roof systems remain on the market due to their low installed cost.  

Shrinkage – PVC Membranes of old lost enough plasticizers to shatter at about year 14.  This embrittlement has been trouble for some single ply systems. 

Seams – Most single ply sheets never leak in the field of the roof…only at the seams.  Seams are the most critical part, other than flashings, on the single ply roof.  If seams are not installed properly, the roof will leak.  No redundancy means no extra protection.
In the last 20 years, seaming methods have changed from glues, to butyl tape, to tape and caulk the inside of the seam…..  Many changes means lack of confidence in the system.  

Abuse Intolerant – Ever have an inner tube that didn’t puncture and leak air somehow?  Guess what…..  A single ply roof is no different.  Drop a screwdriver, an HVAC door, something sharp and there’s a hole.  And, these holes need to be fixed a special way.  One can’t just put mastic on the hole, it may eat the membrane!

Ponding intolerant – As with all roofing, it makes sense to have positive drainage.  However, if there’s a pond, and murphy’s law always brings them…right to the seams, then a single ply roof has only one ply between you and freedom…..no redundancy to back up the 1st ply.  
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Option 3-Modified Bitumens
e |ntroduction - early 80’s
e SBS/APP Modified Asphalt

e Reinforced - fiberglass/
polyester/both

e Underlayment - 1 or 2 ply

e Hot or cold
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Modified bitumen membranes come in two versions, Atactic Polypropylene (APP) and Styrene Butadiene, Styrene (SBS).  The APP version consists of APP Modified Asphalt, reinforced with fiberglass, polyester or a combination of each.  APP Modified Bitumen’s were developed on Europe in the 70’s.  First versions of the system in Europe included underlayment of one or two plies of felt or base sheet in asphalt, then the APP Modified bitumen torch applied to the underlayment.  A coating was always used to cover the membrane to protect against UV.  When imported to the US in the early 80’s, the product was marketed as a single ply system, torched directly through a dry fiberglass ply or base sheet to the insulation below, then left uncoated and exposed to the damaging rays of the sun.  In the late 80’s, the system was modified to reflect the European method including underlayment and coating.  And, recently, APP’s have been used in cold applied configurations.  APP Modified bitumen systems have a variety of surfacings available from factory applied granules, to smooth surface and coating or gravel adhesive and gravel.
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Pros & Cons of MBs

@ Pros cons
e Factory surfacing e Blistering
e Factory controlled e Slower Installation
thickness  Higher initial costs

» High abuse tolerance < |ap integrity
e Low temperature flex < Torches - APP
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The advantage of the APP Modified asphalt is that the APP makes the asphalt “thermoplastic”, and able to be heat welded with torches.  It is also applied with cold adhesive and heat welded seams.  APP, a waste by product of the plastics industry, is an excellent way to recycle material that would normally be disposed.  The reinforcing provides tensile strength while APP provides some degree of flexibility to the membrane, greater than asphalt.  

SBS Modified Bitumen Membranes were also developed in Europe in the Early 80’s.  They are available in three versions; Hot Applied with asphalt, cold applied with adhesives or self adhering.  These membranes are applied over a one or two ply underlayment of felt, base sheet, cold or hot applied asphalt.  Surfacings include smooth surface with a coating applied, gravel in hot asphalt or cold adhesives, and factory granulated surfacing.

The hot and cold applied versions are available with fiberglass, polyester or both reinforcements.  The reinforcements add tensile strength and help absorb stresses and strain. These membranes, reinforced with either/or fiberglass, polyester….or combination of either, have been marketed for some time.  Hot applied SBS systems are applied with type III or IV asphalt.  Cold applied systems use an asphalt based adhesive, with solvent as the carrier.  The principle for the cold system is that the adhesive welds the membrane and base sheets to the substrate in addition to the basic adhesive function.  Some manufacturers require waiting between plies, or phasing.  Others can apply plies continuously without phasing.  

Advantages of SBS modified bitumen membranes include low temperature flexibility to –30F; elimination of open flame torches on the roof; flexibility to be applied either cold or hot; redundancy through multiple plies; high tensile strengths for impact and foot traffic resistance;    
Disadvantages of both APP and SBS are listed below.

Disadvantages of APP MB’s include the dangers inherent in the application of the material.  Although it can be cold applied, most contractors choose to “torch” the APP Modified Bitumen with open flame torches used on the roof.  This is an excellent way to make production and meet requirements for heat welding, however, torches and propane tanks can be dangerous.  Contractors report that wood or woodfiber cants can catch fire and smolder for long periods of time below the roof membrane if the applicator is not careful.  Additionally, propane tanks on the roof can become projectiles should an explosion of a tank occur.  Low temperature flexibility is typically +8F to +32F, a temperature above what occurs in many northern climates of the US.  

Disadvantages of SBS MB’s include the use of kettles on a project and the associated smell.  And, SBS modified bitumens are “softer” than regular BUR systems.  
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Fluid Applied membranes (both cold and hot) are typically used in Protected Membrane Roof Assemblies, “PRMA” or “green roofs” where the roofing membrane is applied to a substrate, then covered with insulation, fabric and pavers or ballast.  These roofs are generally applied on concrete decks when a fluid applied systems are used.  Membrane roofing systems, either built up or membrane, can be applied in this PRMA application as well.  And, where a metal, gypsum or cementitious woodfiber deck is used, dense insulation or underlayment is applied, then a membrane roof system, insulation or pavers for surfacing over the insulation to protect from UV and hold the insulation down for wind uplift ratings.  They have been used as below grade waterproofing as well. 

Fluid applied membranes come in two types, cold and hot applied.  Cold applied membranes are typically one part, moisture cured urethane membranes.  These products are applied to a primed concrete deck at a thickness of about 50 mils, by notched squeegee.  Some manufacturers use a reduced first coat to about 30 mils, embed a polyester reinforcement, then a second coat of urethane for a total thickness of about 70 mils.  

One part urethanes provide advantages over other systems for PRMA applications:
Their optimized thickness of about 50-70 mils saves transportation resources in the manufacturing and delivery process.  It’s elastomeric qualities allow for expansion and contraction of the concrete deck.  Shore A hardness of one part urethane membranes are stronger than rubberized asphalts.  As the material is applied liquid, it conforms to various shapes and transitions.  The material is inherently “sticky” adhering fully to the concrete deck.  No kettles are needed to apply the system making it an ideal choice for high rise roofing.  And, odor is minimized due to the cold application.
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One part urethanes provide advantages over other systems for PRMA applications:
Most important, there are no seams for the applicator to mess around with.  It’s elastomeric qualities allow for expansion and contraction of the concrete deck. Their optimized thickness of about 50-70 mils saves transportation resources in the manufacturing and delivery process. Shore A hardness of one part urethane membranes are stronger than rubberized asphalts.  As the material is applied liquid, it conforms to various shapes and transitions.  The material is inherently “sticky” adhering fully to the concrete deck.  No kettles are needed to apply the system making it an ideal choice for high rise roofing.  And, odor is minimized due to the cold application.  Latex membranes offer the same advantages, only with less odor and no VOC’s. 

Disadvantages (Rubberized asphalt, urethane, latex) include difficulty by labor controlling thicknesses of the finished membrane.  The relative light urethane thickness at 50 mils, compared to the 125 – 215 mils for a rubberized asphalt liquid applied system makes it even more difficult.  However, urethanes can achieve the same water integrity as a thinner membrane.  In the one coat version, non reinforced, the urethane’s may pinhole before curing, leaving small voids in the membrane.  This phenomenon is due to moisture migration from the concrete to a black, warm surface.  Using polyester reinforcement eliminates pinholing as it’s now a two coat application and the pinholes are filled with more membrane.  And, as with all PRMA applications, maintenance is difficult as much is to be removed to get to the roof membrane…. i.e. gravel, pavers, insulation, drainage board, to repair the system.
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Metal roofing systems have been used since the medieval times on cathedrals and churches.  These systems were mostly lead, copper or lead coated copper.  It’s not unusual for one of these systems to last over 100 years.  

Although lead, copper and lead coated copper systems are still available, their cost and difficulty has made them unaffordable.  Optimized steel and aluminum systems have been marketed for over 30 years with much success. 

Many life extending developments have occurred that makes prefabricated, precoated metal a good roofing choice.  Coatings are especially resistant to acid rain and other contaminants.  High grade urethane and silicone sealants have helped tie in and flashing integrity.  And, the floating roof concept allows isolation of the new metal roof from the old in reroofing applications.
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Metal roofing systems offer many advantages over other roofing choices.

Maintainable – Metal roofs, once installed and aged, are maintainable.  Many roofing firms offer metal roof restoration systems, with sealant and coating systems made to seal and protect.

Attractive – Metal roof systems are available in many colors simulating the “medieval” cathedral feel…or a color architecturally suitable to the building.  

Life Cycle costs – Although a metal roof may cost more upon initial application, the system may last upwards of 50 years.  When the life cycle cost is factored in, this system can pay back in cost savings and minimize business interruption due to reroofing.  

Metal roof systems do make an excellent choice if the roof fits the requirements for a metal roof.  There are some disadvantages of use, like with any product.

Slope – Metal roofs need slope in most cases to perform properly.  They are usually designed as “water shed systems”, and not “waterproof” systems.  Therefore, some systems require significant slope for the metal roof to work.  

Flashing – Metal roofing panels are not easily “formed” around projections, HVAC units and other penetrations through the roof.  Metal roofing systems require real skill at flashings to “get it right”.  

Foot Traffic Trouble – Foot traffic can cause deformation of panels, standing seams and flashings.  These panels deflect, dent and change shape if weight is applied the wrong way to a metal roof.  Ever crush a soda pop can?  The same applies here.

High Costs – Metal roofing systems are not cheap.  Their high cost can be offset by their long life, if there’s no traffic and good slope.
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Sprayed Polyurethane Foams were developed in the mid to late 1960’s.  They are multi component & spray applied to a substrate, then allowed to expand to 20 to 30 times their original state.  Cells are formed in the process through surfactant additives.  Fire retardants are also added.   Topping the system is typically a polyurethane, acrylic or silicone coating.  These thin 25 – 30 mil coatings provide the water integrity and reflective surface for the SPUF roof.  Polyurethane, silicone or latex coatings are used to protect the foam.
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Advantages include uniform application of foam meaning high “R” values and thermal short elimination.  And, because the top surface is a thin film coating, additional “R” Value can be added for minimal cost; it’s sprayable nature allows conformabilty to many shapes; the lightweight foam adds minimal weight to the structure allowing reroofing without removing the existing roof in some cases.

Disadvantages include application weather sensitivity….. Temperature, humidity and wind conditions must be within a certain range for cell structure development of the SPUF insulation and curing; The applicator in the field controls the quality of the application…finish, uniformity, elimination of ponding are all a function of the person at the spray nozzle’s expertise; Puncture resistance is limited as the coatings applied are quite thin;  If left uncovered for periods of time, the foam will be attacked by Ultraviolet light.  SPUF Systems, if applied over wet areas, can blister at the roof/foam interface causing loss of adhesion, and in some cases, risk of blowoff.  
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As you can see from the chart, the new construction roof used most by contractors in 2000 was the “BUR and Cousins” category.  In the BUR includes the Built up Roof, Asphalt and Coal Tar Pitch, SEBS/SBS and APP Modified Bitumen systems (they both use multiply systems) and cold applied built up roofs.  EPDM rubber was the second largest category, with Thermoplastics making up the balance.  

Interesting points – 

TPO, the most advertised, talked about membrane in our industry, has only been on the market a short time, and commands one of the smallest market shares of all the products.  
BUR and Cousins – The traditional systems, BUR, MB’s and Cold BUR’s account for over 50% of the roofing market today in new construction.
EPDM – the thermoset materials comprise about 30% of the market, even though it’s the least expensive of all.  Maybe “it’s not about price” always after all!
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Products installed on second roofs, or reroof projects (tear off & Redo, recover, etc.)
Show the same tale as the new construction.  “BUR and Cousins” rule in this one.  Almost 60% of the market consists of BUR style reroofing systems.  Second is the EPDM with about 25%, then the PVC, CPE and Thermoplastic family trails the pack.  Again, the TPO membranes are a tiny portion of the roofing market at this time.  In fact, there currently are no ASTM Standards in the market for TPO’s.  They are under development and will take years to develop.
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According to a Carl Cash Study for the 4th annual symposium on roof technology, built up roofs tend to last the longest of the membrane versions at 22.5 year average life.  Metal Roofing, even though it’s sold as long lasting, only lasts an average of 25 years.  Note, however, that even though a single ply roof costs less, it lasts only 12 – 14 years.  Sprayed in Place Polyurethane foams, only lasted 11.6 years, not much past their warranty.  With a roof only lasting 11 – 14 years an owner will have to suffer the time, physical disruption and capital expense of a roof in a short time.
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Life-Cycle Cost:
This is a graphical view of the life cycle costs of each membrane system studied by Carl Cash and presented at the 4th annual symposium.  The life cycle cost was calculated by adding the mean installed and disposal cost responses, dividing the sum by the mean durability and adding the mean annual maintenance cost response. 
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Mean Durability
Roof system durability is not a single number, rather a range depending on the specific exposure, the type of system , the quality of materials, quality of the design, care in installation and diligence of maintenance. Average mean and minimum life responses permit the definition of the durability range of each of these low slope systems.
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What is the cause of failure for roofs that last only 11 – 14 years when they should provide service for over 20?  The following slides will try to answer some of these questions.  

One of the most common problems with roofs are the flashing areas.  Over 80% of roofing problems are at flashings on roofs.  Why?  It’s the most detailed area on the roof, yet….it’s installed last when the labor force is tired, and when the contractor has the least amount of money left in the job.  Also, since most roofing manufacturers don’t cover flashings in their warranties, it’s the first place roofing contractors and manufacturers look to cut dollars from the bid to “get low”.  

The following pictures show some common flashing problems:

Picture 1 of silver coated flashing - This vertical seam of a modified bitumen membrane shows cracking of the mastic at one edge.  This is due to underlying shrinkage, or “tenting” of the modified bitumen membrane during application.  If the membrane is applied and a seam open due to bridging at the 45 degree corners of the cant, the applicator will apply pressure to make it contact the other piece of material.  Then, as the material ages, the memory of the membrane will allow it to move and cause cracking in the mastic and, eventually a source of water entry.  Although the opening occurs above the roof line, remember “rain falls downward, and snow pile upward”, both seeking a place to leak into the building.
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Cracking – The following pictures show “cracking or crazing” of the floodcoat system and coating above.  This could mean the coating was applied before curing of the flood topcoat occurred.  Additionally, the white coated roof was applied over an already aging floodcoat, and will not seal up cracks.  

Cracking can also occur at a metal gravel stop overlapped seam.  Without allowing for expansion, cracking of the membrane will occur.  And, if there are not adequate expansion joints installed on a building, a split can occur.  
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Wrinkles in the membrane could be caused by many things.  

Coal Tar roofs applied to slope that exceeds 1/8” will cause slippage and wrinkling on the roof, starting at the ridge, with wrinkles appearing elsewhere.  Also, if a coal tar roof is applied directly over an old gravel roof, it won’t be adhered, allowing slippage on even the smallest slope.  (see real bad looking picture)

Asphalt roofs – Slippage can occur if the slope exceeds the bitumen’s capabilities as well.   

This clearly is an example of “plan ahead, or else”.  
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Blisters can occur on most any roof; built up, single ply fully adhered or modified bitumen.  Blisters can be interply or at the interface of the substrate and the roofing membrane.  They are caused by the expansion of moisture in an air pocket left between plies or at the substrate interface.  


Picture – Blister in Granular Surfaced Modified Bitumen – Modified Bitumen systems from some manufacturers are allowed to be applied in “phased” application, where the underlayment is laid one day, then the modified bitumen membrane on another day, or even week.  The cause of blisters in modified bitumen membranes is typically from either phased construction or lack of initial adhesion.  Adhesion can be lost if the bitumen used to apply the membrane is too cool or if brooming is not done to maximize adhesion.    
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Seam defects are one of the most common problems with single ply and modified bitumen systems.  These systems use 2 – 3” seams.  Problems include the following:

Wind Dust under the seam – When laying the roof and wind is blowing toward the seam, any dust from operations or environment will enter the seam reducing adhesion.

Bitumen Cooling – If the asphalt used to adhere the seam is to cool, no adhesion will occur.  

Adhesive failure – some adhesives fail once exposed to water.  If the proper mixing wasn’t done, the adhesive may not function.  

Wrinkles at membrane laps – If the applicator turns the roll during application, wrinkles can occur that leave voids if not slit and laid flat.  
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What is the budget for the roof?  How much will it cost, installed?

What about warranty?  Does the owner need a warranty and why? Is the client buying the warranty or a good roof?  Remember, warranties have exclusions that protect the manufacturer warranting the roof, not necessarily the architect and owner.

Are wind, fire and insurance requirements met?  Check with the Authority having jurisdiction and find out what code is required.  Codes state wind uplift and fire safety requirements.  The insurer of the building may have special requirements greater than that required by code.  Remember, codes are the “minimum acceptable requirement”.  

Is there a contractor base large enough to handle the size of the work, and enough of them to bring competitive bidding and value to the client?  
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CONCLUSION OF THIS MODULE

e Congratulations on your participation in
Roofing Options Online Learning Course.

e If you desire CSI, and/or State licensing
continuing education credits, please click

on the button below to commence your Tﬁfmco

online examination.

e At any time in the future, for additional
knowledge and post-seminar assistance,
please avail yourself to the Seminar
Discussion Forum (click on link above and
bookmark in your browser).

e Last, revisit AEC Daily and download other
Online Learning Courses.

Click Here To Take The Test
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