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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
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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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The Honolulu Chapter CSI 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 may be deemed or 

construed to be an approval or endorsement by the AIA of any material of 

construction of any method or manner of handling, using, distributing, or 

dealing in any material of product.  Questions related specific materials, 

methods, and services will addressed at the conclusion of this presentation.
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Objectives

ÅUnderstand the scientific basis of condensation 

ÅLearn the impacts of condensation including its sources and 
locations in typical building assemblies

ÅUnderstand condensation damages related to:
Å Exterior walls
Å Interior walls
Å Chilled water piping system
Å Indoor swimming pools & spas
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My Background

ÅCivil Engineer specializing in Building Technology

ÅForensic evaluation of building failures

ÅRemedial design of condensation and water intrusion 
mechanisms

ÅPeer review of other designers

ÅConstruction monitoring and administration

ÅDetermining ongoing maintenance requirements
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Overview

ÅAddress the effects of condensation related water damage 
leading to mold and indoor air quality
Å Changes in Code IBC 2003 as relates to design of exterior walls

Å Principles of water phases, relative humidity, condensation, vapor retarders 
and vapor pressure

Å Condensation caused by vapor transmission through interior and exterior 
walls

Å Condensation caused by chilled water insulation failure.

Å Condensation caused by indoor pools and spas
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New Code Changes

ÅIBC 2003 Section1405.2

Å ñThe exterior wall envelope shall be designed and 
constructed in such a manner as to prevent the accumulation 
of water within the wall assemblyé..ò

ÅUBC 1997 Section 1708 (b)  

Å ñFlashing and Counter flashing-Exterior openings exposed 
to the weather shall be flashed in such a manner as to make 
them weatherproof. ò
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New Code Changes

ÅIBC 2003 Section1405.2

Å The new code places emphasis on ñdesignò and 
ñconstructionò properly to prevent water intrusion

ÅUBC 1997 Section 1708 (b)  

Å The old code was more vague and relied more on ñproper 
constructionò of the wall.

ÅNew code imposes more liability on designer
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IBC 2003

Å 1403.3 Vapor retarder. An approved vapor retarder shall 
be provided. 

ÅExceptions: 

Å1. Where other approved means to avoid condensation and 
leakage of moisture are provided. 

Å2. Plain and reinforced concrete or masonry exterior walls 
designed and constructed in accordance with Chapter 19 or 21, 
respectively. 
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International Energy Conservation Code

Å502.4.3 Sealing of the building envelope. Openings and 
penetrations in the building envelope shall be sealed with 
caulking materials or closed with gasketing systems compatible 
with the construction materials and location. Joints and seams 
shall be sealed in the same manner or taped or covered with a 
moisture vapor-permeable wrapping material. Sealing materials 
spanning joints between construction materials shall allow for 
expansion and contraction of the construction materials.
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Condensation Relevant Terminology

ÅWater Phases

ÅRelative Humidity

ÅCondensation

ÅRelative Humidity

ÅCondensation

ÅWater Vapor Movement

ÅDiffusion / Permeability
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Water Phases

ÅWater can exist in three phases
Å Ice (Only in your Mai Tai in Hawaii)
Å Liquid, between 32 degrees (freezing) and 212 degrees F (boiling)
Å Gas phase (steam) from boiling, or gas phase (water vapor) from 

evaporation when the temperature is below boiling point

ÅWhen cooled, water vapor will lose energy and return to liquid 
in the form of condensation
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Relative Humidity

ÅThe amount of water in its gaseous phase that can be 
contained within a given volume of air is a function of the airôs 
temperature: 
Å Warm air holds more moisture than cold air!!!

Å Hawaii has many sources of humidity, both external and internal

ÅRelative humidity is expressed as a percentage:  100% 
humidity means that the air is saturated at that temperature
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ÅChart for dew point 
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Condensation

ÅWhen air containing moisture cools, some of the moisture is 
released ïit condenses into liquid water

ÅThe temperature at which this occurs is the ñdew pointò

ÅThis temperature is relatively high in humid Hawaii

ÅCondensation occurs when humid air meets cold surfaces such 
as air conditioned walls, chilled water lines, indoor pools

21



Copyright 2020 Allana Buick & Bers, Inc. Avoiding Condensation Problems 

2007 Pacific Building Trade Expo
Copyright 2020 Allana Buick & Bers, Inc

22



Copyright 2020 Allana Buick & Bers, Inc. Avoiding Condensation Problems 

2007 Pacific Building Trade Expo
Copyright 2020 Allana Buick & Bers, Inc

23



Copyright 2020 Allana Buick & Bers, Inc. Avoiding Condensation Problems 

2007 Pacific Building Trade Expo

Water Vapor Pressure

ÅGases, including water vapor, exert pressures

ÅThe amount of pressure that water vapor exerts is a function of 
temperature and relative humidity

ÅWater vapor will flow from the place of higher vapor pressure, to the 
place where the vapor pressure is lower

ÅIn Hawaii, this occurs in two typical conditions:
Å Through exterior walls (outside high vapor pressure, inside low vapor 

pressure)
Å Through a bathroom or other wet condition to a cooler and drier condition 

such as a bedroom
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Diffusion / Permeability

ÅDiffusion is the transmission of water vapor through a material

ÅSome materials allow diffusion to occur more rapidly than 
others

ÅA materialôs ability to allow diffusion of water vapor is measured 
by ñpermeabilityò and ñpermeanceò
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Permeance

ÅThe speed of water vapor transmission through a material, 
induced by the vapor pressure difference between two sides.

ÅMeasured in ñpermò units

ÅPermeance ratings under 0.5 = vapor retarder
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Permeability

ÅThe speed of vapor transmission through a flat material (as 
opposed to an assembly)

ÅExample, permeability of sheet rock (as opposed to a wall 
assembly)

ÅMeasured in ñperm-inchesò
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Permeance and permeability of typical building materials ςthe higher the 

number, the more moisture that passes through
28
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Areas Susceptible to Condensation

ÅExterior wall assemblies

ÅInterior wall assemblies

ÅChilled water line insulation

ÅIndoor pools and spas
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Condensation in Exterior Wall 
Assemblies
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Hidden Mold ïExterior wall

Few visible signs of distress
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Relatively benign looking 

vinyl wall paper

32



Copyright 2020 Allana Buick & Bers, Inc. Avoiding Condensation Problems 

2007 Pacific Building Trade Expo

Removal of a small area 

displayed evidence of 

some real problems
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Diagnosis

Hidden evidence of mold
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Fully suited technicians 

removed wallpaper ðnote 

mold due to moisture 

collection at face of wall 

paper
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Mold on the wall paper and 

in the wall cavity
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WHERE CONDESATION OCCURS
37



Case Study of Condensation 
(Hawaii Cooling Climate)

Example of Condensation in 
Hotel Party Wall
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Case Study

ÅHonolulu, Hawaii hotel.

ÅAir leakage through failed sealant joint between lanai 
door and exterior wall.

ÅCondensation between hotel party walls.

ÅCalculate how much condensation (gallons) of water 
accumulates on the wall in 1 week time span.
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Condensation between hotel party walls
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Moisture intrusion through 
air leakage at exterior side of 

party wall.
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Vinyl Wallpaper
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Condensation Due to Air Leakage
EXTERIOR

STUCCO EXTERIOR

INSULATION

GYP BOARD

VINYL WALLPAPER

CONDENSATION

AIR CONDITIONED SPACE

LANAI DOOR
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Moisture Trapped in a Shared Wall Cavity

ÅGaps near an exterior door allow warm humid air to flow into 
wall cavity.

ÅAffected wall area 10ôx8ô.

ÅOutside temperature and relative humidity were 85F and 80% 
respectively.

ÅInside temperature and relative humidity are 70F and 70% 
respectively.  

ÅAssume condensation forms at the back side of the low perm 
vinyl wallpaper coating.  How much water can collect over a 1 
week period?
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VT = A x T x æP x permeance

VT = Water vapor transmission in grains 

(1lb=7000 grains)

A = Area (square feet)

T= Time (hours)

æP = Pressure difference (in. Hg)

Perms = Perm rating (grains/ft2/hr/in. Hg)

Vapor Transmission Equation
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Step 1: Area = 10ôx8ô = 80 ft2

Step 2: Time = 1 week = 168 hrs

Step 3: Pressure difference ïgo to figure 9.  At 85F, 

the saturated vapor pressure is 1.213 in.Hg.  At 70F, 

the saturated vapor pressure is 0.7392 in.Hg.  

Multiply each of the saturated vapor pressures by 

their relative humidity.  The pressure difference is 

æP = (1.213 x 0.80)-(0.7392 x 0.70) = 0.4523 in.Hg.

Moisture Trapped in a Shared Wall Cavity
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Figure 9 ïVapor Pressures for Saturated 
Air
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Case Study # 1:  Conclusion
Step 4: Effective perm rating.  The perm ratings 

for the materials are as shown in FIG 5:

Gypsum Board = 50

Step 5: Plug values into the vapor transmission 

equation:

VT= 80 ft2 x 168 hr x 0.4523 in.Hg x 50 perm

= 304,389 grains of water

= 43.5 pounds of water

= 5.24 gallons of water (in 1 week)
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Condensation in Interior 
Bathroom or Spa Wall 

Assemblies
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Condensation on an interior to Interior wall

Wallpaper on this wall in a 

Honolulu hotel looked 

clean, until removed
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Source of moisture was 

the bathroom in this hotel
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View of interior bathroom 

wall from the bedroom 

side, after wall paper was 

removed.  Note mold below
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Condensation in Chilled Pipe 
Assemblies
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Older building in Honolulu ð

damaged insulation 

allowed humid air to reach 

pipe, causing condensation 

leading to mold
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Older building ðfan 

coil unit created 

condensation, rust 

and mold
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Mold on interior wall of same 

building, caused by failed 

chilled water insulation
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Same building ðnote gap 

where there is no 

insulation, as pipe passed 

through floor

In a failed attempt to close the 

gaps, foam injection was 

attempted in the past
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Past attempts to cover 

pipes with an extra layer of 

fiberglass insulation also 

proved unsuccessful
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When insulation was 

removed, rust was evident.  

Note that some openings 

in floor were larger than 

others
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Special care was taken 

during repairs, to place 

insulation properly
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Joints, turns and 

penetrations were 

carefully repaired
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