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Section 1Section 1

Functions of the Roofing SystemFunctions of the Roofing System
andand

Some Basic Roofing Design ConceptsSome Basic Roofing Design Concepts
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Typical Roofing System ProblemsTypical Roofing System Problems

 Water leakageWater leakage

 Air leakageAir leakage

 Material failureMaterial failure

 Loss of attachmentLoss of attachment

 CondensationCondensation

 Poor noise controlPoor noise control

 Poor thermal performancePoor thermal performance

Functions of the Roofing SystemFunctions of the Roofing System

 Resist wind and building pressurizationResist wind and building pressurization
loadsloads

 Resist weather eventsResist weather events

 Water penetration resistanceWater penetration resistance

 Air infiltration resistanceAir infiltration resistance

 Ventilation controlVentilation control

 Condensation controlCondensation control

WIND

DIRECTION

© 2007 Simpson Gumpertz & Heger Inc.

Design Concepts: Wind Effect
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Neutral Pressure
Level

© 2007 Simpson Gumpertz & Heger Inc.

Design Concepts: Stack Effect

© 2007 Simpson Gumpertz & Heger Inc.

Design Concepts: Mechanical Systems

 Wind forces are building and locationWind forces are building and location--specific:specific:

– Basic wind velocity at the site

– Building height

– Exposure and terrain roughness

– Pressure coefficients based on building geometry

 Wind tunnel studies can give more preciseWind tunnel studies can give more precise
design wind loads, and are sometimes used for:design wind loads, and are sometimes used for:

– Unusual geometries

– Very large or prominent buildings

– Possibility for design economy

Design Concepts: Roofing Wind LoadsDesign Concepts: Roofing Wind Loads
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ExteriorExteriorInteriorInterior

Air barrier as designed

Air leak at acoustical detail

Air leak at roof joist

Meanwhile, on the outside of the natatorium…Meanwhile, on the outside of the natatorium…
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Highest rate of air flow at corner transition and exterior column

High rate of air flow at exterior column.....on a cold day, shows up as a
“hot spot”

Design Concepts: Vapor RetarderDesign Concepts: Vapor Retarder vsvs Air BarrierAir Barrier

 Continuity does notContinuity does not
need to be perfectneed to be perfect

 Location set byLocation set by
particulars ofparticulars of
climate and materialclimate and material
propertiesproperties

 Strength is not anStrength is not an
issueissue

 May be detrimentalMay be detrimental
for some wallfor some wall
assembliesassemblies

 Must be continuous;Must be continuous;
perfect barrier sealsperfect barrier seals

 Location set for ease ofLocation set for ease of
detailingdetailing

 Vapor permeance notVapor permeance not
importantimportant

 Must resist positive andMust resist positive and
negative pressurenegative pressure

 Always a good ideaAlways a good idea

Vapor RetarderVapor Retarder Air BarrierAir Barrier
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 Need both a vapor retarderNeed both a vapor retarder andand an airan air
barrier system in the building envelope tobarrier system in the building envelope to
control vapor diffusioncontrol vapor diffusion andand air leakageair leakage

 These two systems can sometimes beThese two systems can sometimes be
combined into onecombined into one

 Be careful during design and constructionBe careful during design and construction

Design Concepts: Vapor RetarderDesign Concepts: Vapor Retarder vsvs Air BarrierAir Barrier

Design Concepts: Thermal Barrier BasicsDesign Concepts: Thermal Barrier Basics

 Thermal resistance expressed as RThermal resistance expressed as R--valuevalue

 Energy codes stipulate minimum REnergy codes stipulate minimum R--valuesvalues
for roofing assembliesfor roofing assemblies

 High density products (XPS,High density products (XPS, IsocyanurateIsocyanurate))

 Consider insulation, air and vapor barriers asConsider insulation, air and vapor barriers as
interdependent systems during designinterdependent systems during design

Design Concepts: Common Thermal Barrier PitfallsDesign Concepts: Common Thermal Barrier Pitfalls

 Inadequate location/sequencing ofInadequate location/sequencing of
materials, e.g., insulation on wrong side ofmaterials, e.g., insulation on wrong side of
vapor barriervapor barrier

 Heat finsHeat fins

 Discontinuity of thermal barrierDiscontinuity of thermal barrier

 Insulation effectiveness reduced if wetInsulation effectiveness reduced if wet
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Design Concepts: Parapet Heat LossDesign Concepts: Parapet Heat Loss

Heat fin atHeat fin at
parapetparapet

Cold CornerCold Corner

Heat Loss IncreasesHeat Loss Increases
With Height of ParapetWith Height of Parapet

Design Concepts: Parapet Heat LossDesign Concepts: Parapet Heat Loss

Design Concepts: Thermal ResistanceDesign Concepts: Thermal Resistance

 Continuous thermal barrier, likeContinuous thermal barrier, like
continuous waterproofing barrier, is mostcontinuous waterproofing barrier, is most
efficientefficient

 Must be designed as part of integratedMust be designed as part of integrated
roofing system (i.e., coordinated withroofing system (i.e., coordinated with
location of vapor retarder and air barrier)location of vapor retarder and air barrier)
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So why does all this matter?So why does all this matter?

 Most construction claims arise from roofMost construction claims arise from roof
and facade problems (40% ofand facade problems (40% of
construction claims related to roofsconstruction claims related to roofs
alone).alone).

 Estimate of premature building envelopeEstimate of premature building envelope
failure rate 3 to 5%.failure rate 3 to 5%.

 Remedial work to concealed envelopeRemedial work to concealed envelope
components is extremely costly.components is extremely costly.

“I never had a problem that didn’t cost me money.”“I never had a problem that didn’t cost me money.”

Incidence of Roofing System Failures over Time

Fa
ilu

re
R

at
e

Warranty
Period

Operation Roofing Replacement

Commissioning

Time

Plan for Roofing Replacements and Be Aware of PotentialPlan for Roofing Replacements and Be Aware of Potential
ProblemsProblems

Section 2Section 2

Top 10 Roofing ProblemsTop 10 Roofing Problems
and How to Avoid Themand How to Avoid Them
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TOP 10 THINGS TO REMEMBER WHEN DESIGNING A ROOF

1.1. Avoid ballasted or IRMA roofing systemsAvoid ballasted or IRMA roofing systems

2.2. Use a roofing system with a history of successUse a roofing system with a history of success

3.3. Provide reliable flashing in rising walls above roofProvide reliable flashing in rising walls above roof

4.4. Provide minimum 8 in. base flashing heightProvide minimum 8 in. base flashing height

5.5. Extend roof membrane over parapetExtend roof membrane over parapet

6.6. Use aUse a coverboardcoverboard to prevent crushing and facerto prevent crushing and facer
delaminationdelamination

7.7. Provide slope to drain at 1/4 in./ft. minimumProvide slope to drain at 1/4 in./ft. minimum

8.8. Provide tapered sumps at all drains and scuppersProvide tapered sumps at all drains and scuppers

9.9. Check adhesion and open seams in base flashingCheck adhesion and open seams in base flashing

10.10.Avoid pitch pocketsAvoid pitch pockets –– cover them if they arecover them if they are
unavoidableunavoidable

#1#1 Avoid Ballasted/IRMA RoofsAvoid Ballasted/IRMA Roofs

Same goes for gravel ballast !!!

#1#1 Avoid Ballasted/IRMA RoofsAvoid Ballasted/IRMA Roofs
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#2#2 Choose a Roof System with a History of ReliableChoose a Roof System with a History of Reliable
PerformancePerformance

SystemSystem AdvantagesAdvantages DisadvantagesDisadvantages

EPDMEPDM
(Single Ply Rubber )(Single Ply Rubber )
Such as by Firestone orSuch as by Firestone or

CarlisleCarlisle

 Less expensive than PVC or MB.Less expensive than PVC or MB.
 Flashing conforms well to unevenFlashing conforms well to uneven

substrates.substrates.
 Can be installed in large sheets toCan be installed in large sheets to

minimize seams.minimize seams.
 Repairs made with “peel and stick”Repairs made with “peel and stick”

seam tapes.seam tapes.

 Single ply is not redundant, moreSingle ply is not redundant, more
susceptible to damage.susceptible to damage.

 Tape seams improve performanceTape seams improve performance
over traditional glue, but stillover traditional glue, but still
workmanship sensitive.workmanship sensitive.

 Seams cannot be inspected withoutSeams cannot be inspected without
destroying the seam.destroying the seam.

PVCPVC
(Polyvinylchloride)(Polyvinylchloride)
such as by Sarnafilsuch as by Sarnafil

 Heat welded seams do not rely onHeat welded seams do not rely on
adhesives (generally more reliable).adhesives (generally more reliable).

 Seams can be inspected withoutSeams can be inspected without
destroying good seams.destroying good seams.

 Good resistance to standing water.Good resistance to standing water.

 Susceptible to damage or defectsSusceptible to damage or defects
because no redundant layers.because no redundant layers.

 More expensive than EPDM.More expensive than EPDM.
 Repairs require special equipmentRepairs require special equipment

(heat gun and training).(heat gun and training).
 Flashing materials not as easy to workFlashing materials not as easy to work

with as EPDM.with as EPDM.

2 Ply Modified Bitumen2 Ply Modified Bitumen
Such as by Siplast orSuch as by Siplast or

TamkoTamko

 Better resistance to roof top traffic thanBetter resistance to roof top traffic than
single ply systems.single ply systems.

 Provides redundancy of 2 layers.Provides redundancy of 2 layers.
 Excellent flashing details.Excellent flashing details.
 Repairs made with traditionalRepairs made with traditional

materials and can be initiallymaterials and can be initially
performed by maintenance staff.performed by maintenance staff.

 More expensive than EPDM.More expensive than EPDM.
 Application in hot asphalt poses odorApplication in hot asphalt poses odor

issues. Less odor with cold adhesive.issues. Less odor with cold adhesive.
 Flashing details generally require moreFlashing details generally require more

work (more $) than EPDM or PVC.work (more $) than EPDM or PVC.
 Transverse seams in base flashingTransverse seams in base flashing

can be problematic.can be problematic.

Roof Membrane Comparison

 Problems have arisen with fiber-cement
shingles as manufacturers have replaced
asbestos with organic fibers (wood,
cellulose)

 Many fiber-cement products are not fit for
use as roofing

 Compliance with standards does not
assure that the products will work when
used for roofing

#2#2 Choose a Roof System with a History of ReliableChoose a Roof System with a History of Reliable
PerformancePerformance –– Example: Synthetic ShinglesExample: Synthetic Shingles

#2#2 Choose a Roof System with a History of ReliableChoose a Roof System with a History of Reliable
PerformancePerformance –– Example: Synthetic ShinglesExample: Synthetic Shingles
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Always assume water will penetrate theAlways assume water will penetrate the
wall’s exterior face, then:wall’s exterior face, then:

 Provide continuous waterproofing membranesProvide continuous waterproofing membranes

 Ensure continuity of waterproofing atEnsure continuity of waterproofing at
penetrations and changes in directionpenetrations and changes in direction

 Provide continuous metal (copper or stainlessProvide continuous metal (copper or stainless
steel) through wall flashing at bottomsteel) through wall flashing at bottom--ofof--wallwall
terminationsterminations

 Provide continuous metal through wall flashingProvide continuous metal through wall flashing
at window and door head, sill, and jambsat window and door head, sill, and jambs

#3#3 Provide reliable flashing in rising walls above roofProvide reliable flashing in rising walls above roof

Surface-Sealed Reglet
Large potential for
leakage

Reglet-Set Flashing
Reduced potential for
leakage

In-Wall Flashing
Very limited potential
for leakage

##33 Provide reliable flashing in rising walls above roofProvide reliable flashing in rising walls above roof

##33 Provide reliable flashing in rising walls above roofProvide reliable flashing in rising walls above roof
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Unique Flashing Configurations

#3#3 Provide reliable flashing in rising walls above roofProvide reliable flashing in rising walls above roof

A EXISTING SILL CONDITION

INTERIOR

EXTERIOR

Mahogany sill to match existing

Mahogany pulley stile

Metal flashing with
cleats

Solder flanges of metal pocket flashing
watertight

Counterweight
access door

screwed flush
to pulley stile

Reinstalled
interior wood
stop

Solid mahogany stile blocking to support
upper sash

Mahogany parting bead and brick mold

Oak interior stop with kerfed
bottom to hold panned-up metal

flashing

Saw-cut reglet for panned up

flashing termination

2 1
2" ± or first course of brick

Sloped cut at bottom of
jamb pocket- cut to height and

slope of new sillRemove existing and
provide new interior wood
stops

Backer rod & sealant with two 1/2"
wide weep gaps filled with

open-cell foam

1/4" thick setting blocks at 12" o.c. along width

of window opening. Set in bed of sealant.

Note: Counterwieght
pocket access door shall
be bevel cut on 4 sides

Remove existing exterior wood jamb piece.

Cut flush to granite to accept new pulley stile
and reinstall.

Sealant at edge of metal flashing

D WINDOW SILL & PULLEY STILE INSTALLATION

B METAL SILL FLASHING INSTALLATION

6"

Existing sloped mortar bed -
Parge as necessary

Waterproofing membrane -
extend to within 1/4" of

exterior face of brick mold

Wood nailers

C WATERPROOFING MEMBRANE INSTALLATION

Remove existing and provide
new parting bead, wood filler
strip, spacer and brick mold

##33 Provide reliable flashing in rising walls above roofProvide reliable flashing in rising walls above roof

FAN WINDOW

DOUBLE HUNG WINDOW

TRANSOM WINDOW

1"

1"

EXISTING CONDITION REPAIRS

Cut trim and jamb stile
as required to install
flashing pan, replace
cutouts with new wood
glued and fastened to
existing jamb stile.

1/2"
1/4"

Remove, restore
and reinstall
exterior wood trim

Oak trim with
bullnose; full
perimeter of
fan opening

A A

AA

1"

SECTION A-A

Cut notch into
existing and new trim
as required to recess
backer rod and
sealant

Sealant and bond
break tape

Cut reglets
into masonry
as required

Bed vertical edge of
flashing in sealant

Bed vertical
edges of
flashing in
sealant

Cut reglets into masonry as
required

Bed vertical edges of flashing
in sealant

Metal flashing; solder watertight

hem
Metal flashing with

NOTE: Reglet and
vertical edges of
flashing shall be
concealed behind
trim

Existing
wood sill

Flashing cleats @
24" O.C.

Oak trim

Metal
flashing-Solder
watertight

Cut jamb stile as
required to install
flashing pan

Remove and
reinstall/replace
exterior trim as required.
Do not cut and piece
trim together

Restore
existing wood
sill and trim

Remove and
replace
window sash

Restore
existing wood
sill and trim

Remove and
replace
exterior trim
and stops

Remove, restore
and reinstall
exterior wood
trim

#3#3 Provide reliable flashing in rising walls above roofProvide reliable flashing in rising walls above roof
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Do not economize on concealedDo not economize on concealed
waterproofing elements, use materials thatwaterproofing elements, use materials that
match expected service life of wall system;match expected service life of wall system;

for example:for example:

 Don’t use thin un-reinforced PVC flashings

 Don’t use unprotected “cardboard” sheathing
even though code and manufacturers allow its
use as a weather barrier

 Don’t use code-allowed non-durable building
papers in wet zone of walls, e.g., Grade D paper
as weather barrier behind traditional stucco

#3#3 Provide reliable flashing in rising walls above roofProvide reliable flashing in rising walls above roof

 Details at interfaces and terminations
need close examination

 Key elements that require periodic
maintenance require identification

 Information on means, methods, and
rate (how often) maintenance required
provided to client, owner, etc.

##33 Provide reliable flashing in rising walls above roofProvide reliable flashing in rising walls above roof

#3#3 Provide reliable flashing in rising walls above roofProvide reliable flashing in rising walls above roof
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#3#3 Provide reliable flashing in rising walls above roofProvide reliable flashing in rising walls above roof

#3#3 Provide reliable flashing in rising walls above roofProvide reliable flashing in rising walls above roof

#3#3 Provide reliable flashing in rising walls above roofProvide reliable flashing in rising walls above roof

Avoid surface-sealed flashings
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#3#3 Provide reliable flashing in rising walls above roofProvide reliable flashing in rising walls above roof

#3#3 Provide reliable flashing in rising walls above roofProvide reliable flashing in rising walls above roof

Avoid surface-sealed flashings

#3#3 Provide reliable flashing in rising walls above roofProvide reliable flashing in rising walls above roof

Avoid surface-sealed flashings
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#3#3 Provide reliable flashing in rising walls above roofProvide reliable flashing in rising walls above roof

Avoid surface-sealed flashings

##33 Provide reliable flashing in rising walls above roofProvide reliable flashing in rising walls above roof

##33 Provide reliable flashing in rising walls above roofProvide reliable flashing in rising walls above roof
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#4#4 Provide Minimum 8 in. Base Flashing HeightProvide Minimum 8 in. Base Flashing Height

 Overtopping can occur on slow

draining roofs with inadequate height

 Difficult to construct flashing in small

space – follow NRCA guidelines

 Frequently is a problem on roof

reconstruction with added insulation

#4#4 Provide Minimum 8 in. Base Flashing HeightProvide Minimum 8 in. Base Flashing Height

Avoid flashing
heights less than
8 inches

Also a problem at rising walls and penthouses.

#5#5 Extend roof membrane over parapetExtend roof membrane over parapet
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#5#5 Extend roof membrane over parapetExtend roof membrane over parapet

#5 Extend Flashing Continuous Over Top of Parapet

Avoid this !!!

#5#5 Extend roof membrane over parapetExtend roof membrane over parapet

#6#6 Use aUse a CoverboardCoverboard to Prevent Crushing and Facerto Prevent Crushing and Facer DelaminationDelamination

 Rooftop traffic (during construction or in
service) can crush isocyanurate insulation
and delaminate the facer, leaving adhered
roofing systems unattached

 Provide a cover board (typ. 1/2 in.
fiberboard, perlite, or siliconized gypsum
board)

 Avoid traffic over new roof areas
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#5#5 Extend roof membrane over parapetExtend roof membrane over parapet

#6#6 Use aUse a CoverboardCoverboard to Prevent Crushing and Facerto Prevent Crushing and Facer DelaminationDelamination

#6#6 Use a Coverboard to Prevent Crushing and Facer DelaminationUse a Coverboard to Prevent Crushing and Facer Delamination
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#7#7 Design Roof to Slope to DrainDesign Roof to Slope to Drain

 Slope entire roof system to drain at 1/4 in./ftSlope entire roof system to drain at 1/4 in./ft
minimum (coal tar BUR at 1/8 in./ft)minimum (coal tar BUR at 1/8 in./ft)

 Provide slope to internal drainsProvide slope to internal drains –– avoidavoid
gutters and scuppers in northern climategutters and scuppers in northern climate

 Maximize slope on reMaximize slope on re--roofs by adding drainsroofs by adding drains
and using tapered insulationand using tapered insulation

 Provide saddles between drains in long runsProvide saddles between drains in long runs

 Send roof plan to tapered insulationSend roof plan to tapered insulation
manufacturermanufacturer

#7#7 Design Roof to Slope to DrainDesign Roof to Slope to Drain

Avoid ponding water

Avoid gutters and
scuppers in northern

climate

#7#7 Design Roof to Slope to DrainDesign Roof to Slope to Drain
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#8#8 Provide tapered sumps at all drains and scuppersProvide tapered sumps at all drains and scuppers

Avoid ponding water

#9#9 Check adhesion and open seams in base flashingCheck adhesion and open seams in base flashing

#10#10 Avoid Pitch PocketsAvoid Pitch Pockets –– Cover them if they are unavoidableCover them if they are unavoidable
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Section 3Section 3

Strategies forStrategies for
Ensuring Construction QualityEnsuring Construction Quality

Strategies for Ensuring Construction QualityStrategies for Ensuring Construction Quality

 Shop drawing and submittal processShop drawing and submittal process

– Roofing systems require high degree of
coordination among trades

– Coordinated shop drawings are critical

– Mock-ups can fulfill some shop drawing
requirements
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 Shop drawing and submittal processShop drawing and submittal process

 Project specific craftsperson certification:Project specific craftsperson certification:
mechanics must pass certification testmechanics must pass certification test
before they can work on the projectbefore they can work on the project

Strategies for Ensuring Construction QualityStrategies for Ensuring Construction Quality

 Craftsperson certificationCraftsperson certification

 Shop drawing and submittal processShop drawing and submittal process

 MockMock--ups and sample installationsups and sample installations

– Aesthetic review (by architect and owner)

– Functional review

• Does it meet performance requirements?

• Is it buildable?

• What about coordination of materials,
building components, and trades?

• Any better ideas?

– Cost

Strategies for Ensuring Construction QualityStrategies for Ensuring Construction Quality
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 Craftsperson certificationCraftsperson certification

 Shop drawing and submittal processShop drawing and submittal process

 MockMock--ups and sample installationsups and sample installations

 Test representative work samples duringTest representative work samples during
installation in “production mode”installation in “production mode”

– Continued check on construction quality
under actual conditions

Strategies for Ensuring Construction QualityStrategies for Ensuring Construction Quality
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