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Best Practice

Allana Buick & Bers, Inc. (ABBAE) is a Registered Provider with the American Institute of 
Architects Continuing Education Systems.  Credit earned on completion of this program will 
be reported to CES Records for AIA members.  Certificates of completion for non-AIA 
members are available on request.

This program is registered with the AIA/CES for continuing professional education.  As 
such, it does not include content that me 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.
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Karim P. Allana, PE, RRC, RWC

ÅEducation: B.S., Civil Engineering, Santa Clara University

ÅRegistration: P.E., Civil Engineering, California, Washington,                                                                          

Nevada, and Hawaii

ÅCertification:      Registered Roof Consultant (RRC), Roof Consultants                                                            

Institute, and Registered Waterproofing Consultant (RWC)

ÅOverview: 

Å CEO and Senior Principal at Allana Buick & Bers.

Å Former Turner Construction Employee (Project Engineering and Superintendent)

Å Over 37 years experience providing superior technical standards in all aspects of building technology and energy efficiency. 

Å Principal consultant in forensic investigations of building assemblies, failure analysis, evaluation and design of building 

infrastructure and building envelope evaluation and design.

Å Expert in all aspects of building envelope technology.

Å Completed numerous new construction, addition, rehabilitation, remodel and modernization projects for public and private 

sector clients. 

Å Specialization in siding, roofing, cement plaster, wood, water intrusion damage, window assemblies, storefronts, below grade 

waterproofing, energy efficiency, solar engineering and complex building envelope and mechanical assemblies.
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ABBAE Firm Overview

5

ÅAllana Buick & Bers (ABBAE) is an Architectural Engineering 
firm specializing in Building Envelope Systems

ÅABBAE is one of the 5 largest building envelope consultants in 
the country 

ÅABBAE has over 33 years of experience & over 12,500 projects  

ÅABBAE is also a leading Forensic Defect firm with hundreds of 
forensic projects (litigation)

ÅLocations ï16 offices across California,                                                      
Nevada, North Carolina, Oklahoma, Oregon,                                              
Texas, Virginia, Washington, Colorado                                          
and Hawaii 
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Staff & In-House Expertise

ÅLicensed Professional Engineers ï
Civil, Structural, and Mechanical

ÅRegistered Architects

ÅBuilding Enclosure Commissioning 
Process Providers (BECxPs)

ÅRegistered Building Envelope 
Consultant (RBEC)

ÅRegistered Roofing Consultants 
(RRCs)

ÅRegistered Waterproofing 
Consultants (RWCs)

ÅRegistered Exterior Wall 
Consultant (REWCs)

ÅRegistered Roof Observers 
(RROs)

ÅCertified Exterior Insulation and 
Finish System (EIFS) inspectors 

ÅCurtain Wall Specialists

ÅICC Certified Building Inspectors

ÅQuality Assurance Monitors 

ÅWater Testing Experts

ÅLeak Investigation and Diagnosis 
Experts

ÅInfrared Imaging and Nuclear 
Moisture Scanning Experts
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ABBAE Building Expertise

ÅBuilding Envelope Systems
Å Roofing Systems

ȤHigh-Slope/Low-Slope Roofs

ȤGreen/Garden Roofs 

ȤDrainage Systems

ȤPedestrian Plazas 

Å Exterior Wall Systems 

ȤWall Cladding/Siding/GFRC/pre-cast 

ȤEIFS/cement plaster/stucco 

ȤSheet Metal Flashings

Å Windows and Glazing Systems

ȤPunched Windows 

ȤCurtain Wall/Window Wall Systems

ȤSliding Glass Doors

ȤSkylights 

ÅBuilding Envelope Systems (contôd) 
Å Roofing & Waterproofing Systems

ȤDeck/Balcony/Lanai Waterproofing

ȤPodium Waterproofing 

ȤPool/Spa Deck Waterproofing

ȤAbove-Grade/Below-Grade 
Waterproofing

ȤAll types of low and steep sloped 
roofing

Å Commissioning BECx 
ȤOPR/BOD/Commissioning Plan 

ÅMechanical/HVAC Systems 
Å HVAC design

Å Plumbing systems

Å Commissioning and testing
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ABBAE Core Services

ÅConsulting and third-party peer review services

ÅEngineer of record for building envelope systems

ÅContract administration services

ÅInspection services (usually direct with owner)

ÅAir and water performance testing

ÅMock-up design, observation, and testing 

ÅBuilding assessments and forensic investigations

ÅLitigation support and expert witness services

ÅEducational seminars with AIA credits
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OVERVIEW

ÅRoofs can, and should, last 30 years or more ïbut many do not even 
come close!

ÅTodayôs presentation ïanalyze premature failures, either due to 
construction or design defect

ÅProvide lessons learned from forensic evaluation of roof performance

ÅProvide lessons learned about various roof types and their sustainability

ÅServe the client by creative problem solving
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Three Case Studies

ÅFailure of Metal Roof System

ÅFailure of Tile Roof Systems

ÅStudy of Steep Roofôs Shortened Life

ÅStudy of Single Ply Long Term Sustainability

ÅReview of air barrier design Issues

ÅOverview of Foam Roof- Polyurea Coating
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Specific Session Objectives
ÅLearn to look past the obvious cause of failure

ÅLearn from mistakes of designers and applicators

ÅLearn  tips on performing forensic investigation 

ÅLearn how to avoid common mistakes made during installation of roof 
assemblies

ÅLearn about design limitations and common design mistakes
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Session Objectives Continuedé
ÅLearn to evaluate the difference between improper roof design,  improper 

installation and lack of maintenance

ÅLearn the difference between ñexpressò warranty and ñimpliedò warranty

ÅRecognize the Design-Build role assumed by roofing contractors

ÅLearn how the 10 year statute of limitation applies to defects in new 
construction and reroofing

12
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of Metal Roof Failure
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CASE OVERVIEW

ÅPublic Library in Northern California 

ÅMultiple types of roofs 20 year old Building

ÅBeen leaking since original construction

ÅIn 1997 ïOwnerôs original consultant believed the low sloped roof, gutters 
and equipment well was leaking

ÅLibrary replaced low sloped roof with single ply, new metal roof over 
equipment wells and new  gutter liners.

ÅLater, building was gutted in 2003 for remodel and upgrade for new 
technology

ÅExtensive leaks were noticed on the walls, ceilings, along the wall to 
ceiling connection

ÅWe were asked to investigate the source of leaks and recommend 
solutions
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Roof Type: Batten 

metal roof on  a 

60,000 square foot 

public library
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Equipment well 

area was also 

leaking, and was 

covered up with  a 

new metal roof 

Single ply roof area is new, 

was replaced because 

owners believed it was the 

primary cause of leaks 

16Copyright 2020 Allana Buick & Bers, Inc.
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Extensive ponding, interior 

gutters restricted debris filled 

strainers,  ongoing leaks were 

observed under the gutter 

despite the 1997 repair
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Typical strainer clogged, and 

gutter filled with standing water
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Evidence of significant 

leaks in the past, below 

the internal gutters and 

confined rake wall that 

already been repaired, 

once
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Efflorescence

Evidence of 

efflorescence 

through CMU wall 

with brick veneer
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Other leaks of 

unknown origin 

were recent and 

visible
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Metal to single ply 

transitions were 

thought to be leak 

sources 

In earlier unsuccessful 

repairs, metal battens 

were also  thought to be 

leak source.  Note tape on 

batten and seam on field 

formed panel
23
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Improper sealant 

and foil surfaced 

tape repairs were 

also a probable 

source of leaks

Aluminum and 

Copper are 

incompatible!
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FORENSIC METHODOLOGY

ÅReview plans and specifications

ÅVisual inspection

ÅEngineering analysis of materials

ÅCode compliance investigation

ÅWater testing

ÅDestructive testing

ÅPreparation of a defect report and budget
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Testing at Gutter

ÅDestructive Testing

ÅWater Testing

ÅVisual Assessment

ÅMeasurements
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We uncovered many 

other problems (note lack 

of term bar, 

and inconsistent height 

of single ply)
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PVC gutter Liner

Original copper gutter liner

2x4 used to support copper gutter

Underlayment

1.5-Inch perlite insulation
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Copper Roof Pan

1.5-Inches Perlite Insulation

Bituthane Underlayment

PVC Gutter Liner

Original Copper Gutter Box

Wood Blocking

Concrete Substrate

Schematic View of Internal Gutter

Not to Scale

Fig.-22
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Water in gutter was 

found to be running 

under counter 

flashing when 

gutter is full.  

Additional water is 

presented from 

copper roof pans.
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Testing at Confined Rake

31

ÅDestructive Testing

ÅWater Testing

ÅVisual Assessment

ÅMeasurements
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Prepare for testing 

of one possible leak 

source - walls
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Red arrow lines up 

with arrow in next 

slide
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Leaks from testing 

are circled. Red 

arrow aligns with 

red arrow in 

previous photo.  

Leaked right away!
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Fully flooding panel 

ïNo Leaks
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Destructive testing 

showed leaks and 

decay  in battens ï

Due to gutter 

backing up
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Batten end not 

properly 

constructed ïdid 

not allow water to 

weep out
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Photograph of Conditions Found During 
Destructive Probing

38

Original Copper Gutter Liner

PVC Gutter Liner Added Later

Wood Blocking

1.5-Inches Perlite

Bituthane Membrane

Wood Batten
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Evidence of building paper decay

39
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Recommended Repair: Copper Roof

ÅRemove & Store Copper Roof 

ÅDemolish Flashings

ÅDemolish Perlite Insulation

ÅInstall Treated Wood Stringers 

ÅInstall Isocyanurate Insulation 

ÅApply 2 Layers of Underlayment

ÅReinstall Copper (90% Reuse)

ÅInstall New Copper Flashings

ÅPerform Concurrent Gutter Repairs

Å50 Year Life Expectancy
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Recommended Repair: Internal Gutter

ÅDemo PVC and Copper Liner 

ÅDemo Flashings

ÅCut Large 8x12-inch Scuppers

ÅCap Existing Outlet Drains

ÅInstall Concrete Sloping Fill

ÅInstall PVC Gutter Liner

ÅInstall Flashings 

ÅProvide Copper Collector Heads

ÅInstall Copper Downspouts 

ÅProvide Connection To Field Drains

Å50 Year Life Expectancy
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Repair Costs: Recommended Repairs

Description Cost Life Expectancy

Restore Copper Roof $ 488,000 50 Years

Rebuild Internal Gutters $   47,000 50 Years

Rebuild Rising Walls $   48,000 100 Years

Total Estimated Repair Cost (+/- 15%) $ 583,000 
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Lessons Learned

ÅPrevious studies were visual only, did not identify all the 
problems

ÅPrevious repairs were unsuccessful

ÅIsolating the building components was necessary to identify 
source of leakage

ÅThe original design was also suspect (Gutter design, improper 
placement of roof underlayment, improper design and 
construction of brick cavity wall

43
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Roof Failures
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CASE OVERVIEW

ÅConstruction defect litigation case in Northern California

Å7 year old concrete tile roof

ÅMany leaks visible below, in living areas

ÅVisible cracks in tile 

ÅThere were some conditions of concern
Å Tile layout

Å Roof to wall conditions

Å Valley Flashing

ÅWe were asked to investigate the source of leaks
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Tile Roof Failure
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FORENSIC METHODOLOGY

ÅReview of plans and specifications

ÅVisual inspection

ÅWater testing

ÅDestructive testing

ÅReview compliance with Manufacturerôs published literature

ÅCode compliance review

ÅPreparation of a defect report
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Significant leaks in ceilings
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Distressed conditions
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Water test away from the 

actual leak source and 

work our way towards the 

leaking area

Leak below at rake wall 

condition below
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Let the water run down 

the confined rake 

condition ïNo Leak!
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Water tested the gable 

roof area above the 

confined rake 
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Water penetration 

but this was not 

the primary 

source of leak in 

unit below. 

Improper 

membrane was 

utilized as wind 

block. 30lb felt 

was used instead 

of 9ò pressure 

sensitive 

adhesive 

membrane 

recommended by 

material 

manufacturer. 

53



Copyright 2020 Allana Buick & Bers, Inc. Forensic Analysis of Roofing Systems

Poor nailing and flashing at 

ridge and improperly laid 

tile
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Exposed fastener. Ridge 

tile is not lapped properly.
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Water tested the valley 

and still no leak in the 

unit below!

We started removing 

tiles to investigate.
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Water had been 

leaking through the

tiles however, 

could not 

reproduce the leak 

was because the 

ownerôs last 

attempt at repairs 

included replacing 

the deteriorated 

felt underlayment 

and mastic seal.
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Much of the tile was 

installed with staggered 

joints.  We observed a 

very high incidence of 

broken tile corners, 

which was primarily the 

source of leaks.
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Some roofs had tile laid 

in straight bond 

method, which had 

fewer broken tiles but 

instinctively seemed 

wrong
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What is the correct way to install this tile, broken bond or straight 
bond? 

60
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ANSWER: The manufacturer of this time 
recommends the straight bond method.

ANOTHER DEFECT:  

Joints in tile not 

parallel and are too 

close, contributing to 

breakage
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Tiles installed in a broken 

bond donôt nest properly, 

contributing to breakage.
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Other contributing 

factor: Installer 

shortened lap near the 

top run.  Exposed area 

is now 13 inches
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ANALYSIS OF LEAK TESTING

ÅWe knew water was leaking under the tile at broken tile corners 
and ridge

ÅThe amount of water leakage had deteriorated the felt 
underlayment.

ÅApproximately ½ the roof was installed in a straight bond and 
other ½ was installed in a running bond pattern.

ÅAdjacent courses of tile were not perfectly parallel and some 
tiles installed too close together, contributed to breakage.
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Chimney cricket flashing 

solder joints broken, sealed 

with mastic
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This chimney has no 

cricket flashing
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Roof to wall 

flashing installed 

as an after 

thought, on top of 

felts
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Battens were too short, 

causing tiles to fall in 

wrong direction
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Excess water under the 

tiles results in rotted 

felt andéé.
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Extensive rot under 

underlayment
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é. Lack of anti-pond liner and 

leaks through tile resulted in rot 

and damage.
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Lessons Learned

ÅTiles, even in the best of conditions, shed only 95% to 99% of 
water

ÅTile breakage, poor flashings and other problems, greatly 
increase incidental water under tile

ÅStudy manufacturerôs recommended layout and design

ÅPoorly made tile, straight bond layout not natural or instinctive.

ÅManufacturer pulled product off the market!

72
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Case 2: PVC Single Ply 
Sustainability
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CASE OVERVIEW

ÅLarge department store in Northern California

ÅEighteen years old

ÅNo repairs, no leaks, no problem?

ÅPurpose of the investigation: Determine longevity of single ply

ÅWe were with a team of other skeptical consultants
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Example of roof installed in 

1983, inspected in 2001
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FORENSIC METHODOLOGY

ÅVisual inspection to observe performance of system for 
sustainability

ÅLimited destructive testing

ÅLaboratory testing of samples to compare between original 
membrane and aged membrane
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SUSTAINABILITY CHECKLIST

ÅRoof systemôs ability to handle foot traffic and impact damage

ÅMembraneôs ability to handle ponding water and condensate

ÅMembraneôs ability to be patched and repaired

ÅMembraneôs physical properties, tensile strength, thickness, 
bend test, etc.
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SUSTAINABILITY CHECKLIST
Continuedé.

ÅWas roof system sustainable for type of use (retail store)?

ÅWas original design of the roof system adequate for its 
intended use?

ÅWas original application (construction) installed per 
manufacturerôs requirements?
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Test Cut Analysis

Test cut exposing paper and 

insulation
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Evidence of limited amount of 

condensation
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Mechanical bar fastener in 

excellent condition
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Membrane patching was no problem.
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Laboratory Test Results of this 18 year old 
single ply

Samples tested for thickness, tensile strength, elongation, 
dimensional change, seam strength.  95%+ samples met 
original membrane test results
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Visual Analysis

Construction Debris was 

observed on roof 
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Equipment supports not integrated and secured

into roof. Design of pipe supports not sustainable.

DESIGN ISSUE

85
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Impact damage from  

unknown source

86
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Evidence of Nail from 

construction debris

87
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Membrane damage 

from  unknown source

Sustainability, impact 

damage

88
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Tenant Improvement 

Work

New electrical pipe added, pipe jack set in mastic 

(not properly flashed with single ply) and wood 

block set in mastic (incompatible with PVC)
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Visual signs of 

chalking and age 

were observed in 

areas of ponding 

water
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Cooling tower and 

condensate water leaking 

over roof
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Ionized water 

(condensation) and long 

term exposure to water 

and sunlight has 

damaged membrane, 

scrim is visible

Sustainability, ponding 

water and chemicals

92
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SUSTAINABILITY SCORE

1. MEMBRANE MATERIAL
Å Field areas of membrane performance good/excellent 20+ years

Å Easy to patch

2. TRAFFIC AND IMPACT DAMAGE
Å Susceptible from impact damage

Å Damage easy to identify and repair
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SUSTAINABILITY SCORE

3. DESIGN
Å Original poor design of pipe supports caused damage

Å Poor design of roof drainage caused ponding water and damage

Å Poor design of condensation control mechanism caused damage
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SUSTAINABILITY SCORE

4. MAINTENANCE
Á Lack of frequent inspection 

Á Lack of proper roof protection during remodel construction

Á Lack of proper maintenance of HVAC equipment damaged the roof

Á New pipe penetrations not properly flashed (use of asphalt mastic)

95



Copyright 2020 Allana Buick & Bers, Inc. Forensic Analysis of Roofing Systems

LESSONS LEARNED (Single Ply)

Sustainability depends on many factors

ÅMembraneôs ability to handle normal exposure to sun, rain and elements.

ÅIn 20+ years, expect the roof to go through many different challenges

ÅWhen designing a roof, consider, building may undergo remodel, HVAC 
replacement, new electrical addition, etc.

ÅImpact of original design defects

ÅOwnerôs lack of frequent inspections, timely repairs, and use of proper 
patching techniques.
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LEGAL ISSUES TO CONSIDER

ÅThis section will include the following:
Å Maintenance vs. Repairs

Å Life expectancies

Å Express & Implied Warranties

Å Design-Build Role of a contractor

Å Statue of Limitations for defects/leak

Å How insurance pays for leak damage
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Maintenance Vs. Repairs

ÅInherent construction defects, requiring repairs, are not regular 
maintenance!

ÅConstruction defects are the responsibility of the 
builder/contractor

ÅProperly designed and installed roof generally require very 
limited maintenance.

ÅKnow what falls outside of regular maintenance
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In Order To Define What is Maintenance 
and What is a Defect

1. Define life expectancy of roofing, sealants, windows, 
walls, waterproofing, painting, etc.

2. Define what is maintenance and what is repair

3. Leaks and repair of roofing, sealants, waterproofing, 
building exteriors, windows, within 10 years of 
completion = construction defect.
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Life Expectanciesé

ÅSealants: 10 to 25 years

ÅRoofs: 10 to 40 years 

ÅBelow grade waterproofing: Life of the building

ÅWindows: Life of the building

ÅWindow gaskets: 10 to 20 years

ÅStucco: Life of the building

ÅPainting: 5 to 7 years

ÅWood siding: 50 to 100 years
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Owner Responsibility for 
Ongoing Maintenance

ÅFrequently Occurring Items Like:
Å Gutter cleaning.

Å Debris cleaning.

Å Annual inspection of roofs, sealants, windows, walls and exterior 
façade.

Å Tree trimming.

Å Low pressure power washing of roof and exteriors of building.
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Owner Responsibility for 
Repairs on Occurrence

ÅDamage from trees and roots.

ÅDamage from cars and foot traffic.

ÅDamage from vandalism or abuse.

ÅSevere storm, earthquake, hail, hurricane, and other natural 
phenomena.

ÅDamage from oil and chemicals.
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Defect ïNot Maintenance

ÅPipe jacks needing mastic repair because they are leaking

ÅScupper needing repair due to failed solder joint

ÅPlies delaminating from edge flashing

ÅMastic loose seams of capsheet

ÅRepair gravel not adhered to roof

103



Copyright 2020 Allana Buick & Bers, Inc. Forensic Analysis of Roofing Systems

Written Warranties, per RCI:

ÅWarranties can provide peace of mind

ÅThey do not replace :
ÅSound design

ÅGood materials

ÅQuality workmanship

ÅProper maintenance
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Express Warranty

ÅWords Warranty & Guarantee are generally interchangeable

ÅTerm of warranty generally stated

ÅAn agreement usually requiring owners signature  

ÅWarranty generally requires that application meets material 
manufacturerôs published requirements

ÅDoes not include consequential damage

ÅMay not include overburden cost

ÅMay be limited to materials only

ÅMay depreciate in value over time
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Contractor Responsibility for Defective 
Construction

ÅIf a 20 year type roofing system needs ñrepairsò other than true 
maintenance for repairs.

ÅIf 10 year sealant types need replacement or fail in less than 
their life expectancy.

ÅIf windows leak in fewer than 10 years.

ÅIf other materials that do not last their normally expected lives, 
and fail within the first 10 years
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