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Recognize High-Risk Groups

� High-Risk Facility/Project Types 

�Hospitals & Medical Clinics

� Facilities Housing very Young or Old

� Educational Facilities

�Hotels & Motels

� Projects with Budget Constraints

� Aggressive Construction Schedules

Managing Risk
� Contract Provisions
� Scope of Work
� Warranties & Guarantees
� Limitation of Liability
� Owners Responsibilities
� Maintenance/Wear & Tear

� Design Plan & Specifications
� Watertight 
� Maintenance Guidelines
� Team coordination & Communication

� Construction Administration/Oversight

Wilson
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Control Sources for Moisture

� Address the Four Primary Sources

� Liquid Water – Rain, Snow Melt, Leaks

�Water Vapor – From Exterior, and Interior

� Liquid and Vapor – From Adjoining Soil

�Moisture – Within Building Material or Brought in 
with Goods and People

Design Phase Coordination
� Civil/Site Engineering Items
� Elevation of Structure
� Adequate Site Drainage vs ADA Compliance
� Route storm drainage away from building
�Manage Groundwater
�Drain Tile covered with Filter Fabric
�Adequate drainage below lowest floor slab
�Coordinate Sumps with Mechanicals

� Foundation & Slab on Grade

Control the site impact!

Wet Floors Will Grow Mold

Under slab moisture will wick through  floors 
without vapor barriers.

Dry out water leaks and moisture immediately.

Wilson
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Landscaping Coordination

“I’m no engineer or architect but
I knew this …. wouldn’t work!!”

Design Phase Coordination
� Architectural Items 
� Type and Location of
�Weather Barriers
� Vapor Retarders
� Air Barrier
� Insulation

� Exterior and Interior Wall Finish Permeability
� Building Layout
� Attention to Details

Design a tight building!

Rainwater Leakage

� Gravity

� Capillary Action

� Surface Tension

� Wind Loading

� Air Pressure Differential

Wilson
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Vapor Diffusion

Vapor diffuses through a wall a rate proportional to 
the vapor pressure difference across the wall.

Vinyl Wall Covering

� Vapor diffusion through the building envelope
� Low permeability vinyl wall covering 
� Moisture trapped behind wallpaper
� AC contributes to  problem

Wilson
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Vapor Retarders

Vapor transmission rates for common construction materials.

Impermeable 
Retarders < 1

Semi-Permeable 
Retarders 1-10

Permeable 
Breathable > 10 

Permeance (Perm : gr/h-ft2-in. Hg)

15-lb Tar Roofing Felt

8-inch Concrete Block (limestone aggregate)

4-inch Masonry Brick or 4-inch Concrete (1:2:4 mix)

½-inch Plywood (douglas fir, exterior glue)

3.2-mil Polyester (typical of vinyl wall covering)

2-mil Polyethylene sheet

4-mil Polyethylene sheet

6-mil Polyethylene sheet

Built-up roofing (hot mopped)

.35-mil Aluminum Foil 

Vapor Retarders < 1 perm
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Permeance (Perm : gr/h-ft2-in. Hg)

Vapor Retarders < 1 perm

2-inch Air Cavity

3-1/2 inch Fibrous 
(unfaced) Insulation

2-inch Corkboard

4-inch Expanded 
Polystyrene Insulation

2-inch Expanded Polystyrene 
Extruded Insulation

Some insulation can also be effective vapor retarders.

Vapor Retarders

Wilson
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6.28

3.0

0.8

0.45

0.42 Coats Asphalt Paint on Plywood, Est.

.0031-inch Latex Vapor Retarder Paint

2 Coats Enamels on Plaster, Est.

Various Primers plus 1 Coat Flat Oil 
Paint on Plaster

.0012-inch Commercial Latex Sealer

Vapor Retarders < 1 perm

Permeance (Perm : gr/h-ft2-in. Hg)

Vapor Retarders

Many exterior paints and coatings can act as adequate 
vapor retarders.

Drying to interior

Interior 
Pressurized 
with 
Dehumidified 
Air

Air Pressure acts toward the Exterior 
Vapor Pressure acts toward the Interior

Siding

Thin Profile 
Structural Sheathing 
(Airflow Retarder & 
Drainage Plane) 

Cavity Insulation 
(Unfaced)

Foil Faced Sheathing 
(Vapor Retarder)

Gypsum Board with 
latex paint

Protect building 
assemblies from 
getting wet from 
the exterior.

Allow to dry to 
the interior using 
permeable interior 
wall finishes and 
insulations 
without vapor 
barriers.

Hot-Humid Climate Wall

Wilson
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Severe-Cold Climate Wall 
Protect building 
from getting wet 
from the interior.

Allow building 
assemblies to dry to 
the exterior using 
permeable exterior 
sheathing and 
drainage plane.

Gypsum Board with paint or 
wall covering

Polyethylene sealed to top 
& bottom plate

Cavity insulation

Polyethylene vapor barrier

Permeable Sheathing 

Building Paper drainage plane

Siding

Drying to exterior

Gypsum Board with paint or 
wall covering

Polyethylene sealed to top 
& bottom plate

Cavity insulation

Polyethylene vapor barrier

Permeable Sheathing 

Building Paper drainage plane

Siding

Mixed Climate Wall
1st Option for Mixed Climates:

Protect building assemblies 
from getting wet from both 
interior and exterior.

Allow to dry to both interior 
and exterior.

Flow-through approach uses 
permeable materials on both 
interior and exterior surfaces 
to flow through without 
accumulating.

Requires both air pressure 
control and interior moisture 
control.

and exterior
interior

Drying to

Gypsum Board with semi-
permeable paint

Sealant on top & bottom 
plate (airflow retarder)

Unfaced Cavity insulation

Permeable Sheathing 

Permeable Building Paper 
drainage plane

Siding

Wilson
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Vapor Retarder within Wall

2nd Option for Mixed Climates:

Installing impermeable rigid 
insulation with taped joints 
places the vapor retarder
66% (thermally) towards the 
exterior.

Requires air pressure control 
and interior moisture control.

Interior vapor barrier is not 
needed and if installed would 
be a detriment.

Gypsum Board with 
permeable latex paint

Sealant on top & bottom 
plate (airflow retarder)

Unfaced Cavity insulation

Impermeable rigid 
insulation joints taped, 
acts as drainage plane 

Siding

Vapor retarder - cooling

Vapor retarder - heating

Drying to

cooling
interior during

Gypsum Board with 
permeable latex paint

Sealant on top & bottom 
plate (airflow retarder)

Unfaced Cavity insulation

Impermeable rigid 
insulation joints taped, 
acts as drainage plane 

Siding

Vapor retarder - cooling
Vapor retarder - heating

Design Phase Coordination
� Mechanical Engineering Items

�Method of Maintaining Building Pressurization

�Methods of Ventilation

�Wall Dewpoint and Dehumidification Capacity 
Analyses

� Equipment Sizing & Selection for Moisture Removal

� Effects of Energy Management System

Control the outdoor air and moisture!

Wilson
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Mold Growth in Wall Cavities

� Infiltration of moist outside air
� Moisture trapped within the wall

Typical Moisture Loads

� People
� Ventilation
� Infiltration
� Doors
� Products
�Wet Surfaces
� Vapor Intrusion
� Domestic Loads

5-8%
70-85%

8-12%

5-8%

<1%

<1%

1-3%

<1%

Wilson
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Wall Dewpoint Analysis

Temperature Profile Saturation Pressure Profile

Modified ASHRAE Method ASHRAE Method

Stucco

Insulation Board

Sheathing

Batt Insulation

Gypsum Wallboard

Paint/Exterior Air Film

Wall Covering/Interior Air Film

First Surface of CondensationFirst Surface of Condensation

Dry Bulb Temperature

Dewpoint Temperature

Potential Condensation

Saturation
Pressure Profile

Vapor Pressure 
Profile

Area of Possible 
Condensation

Surface of 
Greatest Vapor 
Resistance

95°F

90°F

85°F

80°F

75°F

70°F

65°F

60°F

55°F

1.70

1.50

1.30

1.10

0.90

0.70

0.50

0.30
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Moisture & Condensation

Water Activity (Aw)= Ps/Pw= Equilibrium Relative Humidity (ERH)

Gypsum Board

Impermeable Wall 
Covering

Condensation 
occurs raising the 

Aw to a level 
where mold 

grows

Brick Veneer

Air Space

Permeable 
building paper

Gypsum Sheathing

Fiberglass Insulation

� Rain or sprinklers on an 
exterior wall move 
moisture into the wall by 
capillary action

� Rain stops, the sun 
shines and raises the 
vapor pressure (dew 
point)

� Results in condensation 
behind wall covering 

� Negative pressure 
increases chances Exterior Wall

Vapor Intrusion

Wilson
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Condensation & Mold 
�Mold growth in closet as a result of 

condensation in room air
�Mold can be reduced by 
� Controlling the relative humidity near surfaces 

below the dew point
� Increasing air movement at the surface
� Reducing the moisture content of the air

Air Leakage

Air leakage can be more critical 
than the vapor barrier design.

Most critical 
around
windows & 
doors, roof & 
ceiling joints, 
intended
soffit or wall 
vent systems.

Less
Humid
Inside

More
Humid
Outside

Electrical
Outlet

Air Leakage

Membrane & 
Sheathing Acts 
as Air Barrier

Unsealed
Penetration

Wind
Effects

Wilson
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Air Leakage

Moisture from air leakage through a 1/16” x 1’ 
crack is 5 pints/day versus vapor diffusion 

through 10’x50’ painted block is 1/3 pint/day.

Most critical 
around
windows & 
doors, roof & 
ceiling joints, 
intended
soffit or wall 
vent systems.

Less
Humid
Inside

More
Humid
Outside

Electrical
Outlet

Air Leakage

Membrane & 
Sheathing Acts 
as Air Barrier

Unsealed
Penetration

Wind
Effects

Intended Soffit/Wall Vent??

Coordination between the wall systems and 
the HVAC system is imperative.

Air pathway combined with building negative 
pressure contributed to moisture and mold 
problem.

Wilson
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HVAC Systems Can Help?

Mold growth in HVAC Unit and Ductwork

0 10 20 30 40 50 60 70 80 90 100

Design to Control Humidity

ASHRAE Relative Humidity Guidelines 

Percent Relative Humidity (%)

ASHRAE-Recommended

Health 
Problems

Recommended 
Safety Margin

Mold/Mildew 
Growth

Wilson
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Why Control Humidity?

Rates of growth for 
Aspergillus ruber
show how an 
increase in RH from 
72 to 79% can 
increase the growth 
rate from .1 to 1.0 
mm per day.
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Why Control Humidity?

Stachybotrys
Chartarum requires 
significantly higher 
amounts of 
moisture for initial 
germination.

Wilson
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Design to Control Humidity

� Certain AC systems have a greater propensity for 
moisture related problems.

� VAV with plenum return will cause infiltration.

�Oversized Dx AC units will have difficulty with 
humidity control in mild weather.

� Packaged Through-wall Units may not have 
sufficient capacity to handle humidity load.

� CAV with variable discharge air temperature do 
not control space humidity without RH control.

Mechanical Design Guides

� Design AHU’s with capability to remove the 
required amount of moisture under part- and full-
load conditions.

� Consider dedicated make-up air units to help 
control outdoor air moisture load.

� Specify outdoor air be dried to 50°F dew point

� Kitchen hoods – use compensating type and supply 
fans to make-up 80% of the exhaust air.

� Interlock supply and exhaust fans.

Wilson
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Design & Specifications
� General Requirements
� Temporary Heating/Cooling & Dehumidification
� Construction Schedules
� Start-up and Testing 

� Thermal & Moisture Protection 
� Building Insulation
� Vapor Retarders (ASTM C755 & E1643)
� Seal plenums at exterior walls and roofs

� Windows  
� Condensation Resistance Factor
� Thermal Breaks & Bridging

Design & Specifications

� Finishes
�Gypsum Wallboard
�On site Testing
�Environmental Conditions

�Wall and Ceiling Coating/Coverings 
�Material Type
�Mold & Mildew supported
�Permeability

� Floor Covering
�Carpets
�On site Testing

Wilson
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Control the Food Source
� Be Aware – Combustible Building Types 

Contain Mold Nutrients

� Major Concern – Loss of Wood Strength

� Specify impervious materials in high 
moisture areas

Spray Microbial Inhibitors in 
Enclosed Plumbing Areas.

Design Options

Mold Resistant Product Options

� Glass-fiber Reinforced Concrete

� Precast Concrete

� Fiber Reinforced Polymers

� Epoxy Concretes

Careful Choice of Materials and Testing on Delivery & 
Construction

Wilson
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Optional Products

� Mold Resistant Products
�GP – Dens-Shield Tile Backer 
�GP – Dens-Glass Gold Exterior Sheathing
�GP – Dens-Glass Ultra Shaft Liner
�GP – Fiber Cement Siding
�GP – DensArmor & DensArmor Plus
� Aura-Tex Texture Coating Products
�USG – Humitek
�Dupont/USG – Tyvek Weather Barrier

Construction Activities
� Construction Administration/Oversight
� Planning/Sequencing/ Schedules
�Materials Storage and Protection
� Temporary Heating/Cooling & Dehumidification
�On site Testing

� Commissioning
� Verification, Acceptance Testing
�Documentation
� Training

� Preventive Maintenance Program 

Wilson
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Temporary Dehumidification

Conventional HVAC not designed 
for construction moisture loads or 
significant water leakage.

� Construction Moisture
� 50+ gal. Excess water per yard of 

concrete
� Options
� Install floors & drywall
�Wait for natural drying
� Seal moisture within
�Use dehumidfiers

Drying Time - Taped Drywall

40 50 60 70 80 90

90 216 144 102 72 49 36

80 114 78 54 38 27 19

70 84 54 38 26 19 14

60 60 42 29 20 14 10

50 48 36 24 17 12 9

40 43 29 20 14 10 7

30 38 26 18 12 9 6

20 34 24 16 11 8 6

Air Temperature, ( F)
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NWCB Technical Bulletin 303
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Temporary Dehumidification
� Low humidity dry air

� 30% rh

� Portable dehumidifiers and air movers

� Protects Building HVAC

� Control Placement of Dry Air

�Moves with project progress

� Preserves full warranty period

� Dehumidifiers are cost effective

Commissioning Activities
� Verify Building Systems 
� HVAC Full & Part Load
� Interlocked Supply & Exhaust 
� Economizer over-rides
�Dehumidification Capability
� Pressurization & Leakage

� Windows and doors
� Finish Substrate  
� Roofing Systems
� Training of O&M Staff
� Documents Acceptance

Wilson
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Training Operations Staff
� Promptly Repair/Address Leaks 

� Inspect behind adjoining cabinets, walls, etc. 
for hidden moisture or water damage

� Monitor Humidity Levels

�Develop a Humidity Log  RH vs Absolute

�Dehumidify to Reduce Humidity

Training Operations Staff

Properly trained O&M staff that understands 
the building systems will avoid these types of 
problems. 

Proper & routine maintenance is required and 
is the owner’s responsibility.

Pro-Active Response

� Water leaks –
� Through Ceiling
�Down Inside Walls

� Prompt Action –
� Stop Leaks
� Dry & Clean Area

Wilson
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Preventive Maintenance Program

� Inspect Buildings for Leakage or Moisture 

� Roofs – 2 times per yr

� Piping & HVAC – 2 times per year

�Inside of Ductwork & AHU’s

�Drip Pans

�Condensate Leaks

�Windows & Skylights

� Ventilation Openings

� Plumbing Fixtures

Presentation Review

� What’s the Big Deal?

� What is Mold?

� How Does it Grow?

� Is it Harmful?

� Mold? Steps to take?

� Can we Prevent Mold?

� Managing Risk

� Moisture Control

� Regional Climates

� HVAC Systems

� Design & Specifications

� Construction Activities

Wilson
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What’s the Big Deal? $$$$$$$

� Litigation/Claims Explosion & $$$$$
� Insurance Exclusions & $$$$$
� Remediation $$$$$
� Time & Stress Addressing Mold Issues

Be Pro-active!!
Manage Your risk!!

Reduce your exposure!!

Mold…The New Asbestos??

Questions or Comments??

Roy C. Wilson Jr., P.E.
George Butler Associates, Inc.
9801 Renner Blvd.
Lenexa, Kansas 66219-9745
(913) 492-0400
www.gbutler.com
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Suggested Web Sites

� www.epa.gov/iaq
� www.aiha.org
� www.ashrae.org
� www.cdc.gov/nceh/airpollution/mold
� www.ci.nyc.ny.us/html/doh/epi/moldrpt1.html
� www.ornl.gov/roof+walls
� www.pathcon.com
� www.aerotechlabs.com
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