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Failure is Not an Option:
Risk Mitigation for Healthcare 
Facilities

Controlling Air and Moisture with 
Good Building Enclosure Design

This presentation is protected by U.S. and 
international copyright laws. 

Reproduction, distribution, display and use of 
the presentation without written permission 
of the speaker is prohibited.

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 constitute approval, 
sponsorship or endorsement by AIA of any method, product, 
service, enterprise or organization. 

The statements expressed by speakers, panelists, and other 
participants reflect their own views and do not necessarily reflect 
the views or positions of The American Institute of Architects, or 
of AIA components, or those of their respective officers, directors, 
members, employees, or other organizations, groups or 
individuals associated with them. 

Questions related to specific products and services may be 
addressed at the conclusion of this presentation.
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Course / Learning Objectives

• Build the knowledge 
necessary to evaluate why, 
when, and where a vapor 
retarder may be beneficial.

• Learn to illustrate and 
communicate the impact 
of air leakage on the 
design and performance 
of the building enclosure.

• Review the importance of 
water, vapor, air, and 
thermal continuity in the 
building enclosure.

• Analyze strategies to limit 
risk of moisture intrusion 
via bulk water.  
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Low Risk Tolerance

Risks of Air and Moisture

• 40% of building 
problems due to water 
intrusion

How Scary Is This?
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• 40% of building 
problems due to water 
intrusion

• 70% of litigation due to 
water intrusion

How Scary Is This?

• 40% of building 
problems due to water 
intrusion

• 70% of litigation due to 
water intrusion

• 2% of construction 
costs dedicated to roof

How Scary Is This?

Source: indradado, CC BY-NC-SA 2.0

4 Types of
Moisture 
Intrusion
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Moisture Flow is from Warm to Cold

Moisture Flow is from More to Less (Wet to Dry)

Air Flows from Higher Pressure to Lower Pressure

Gravity Acts Down

2nd Law of Thermodynamics
(from a roof performance point of view)

Heat Flow is from Warm to Cold

2nd Law of Thermodynamics
(from a roof performance point of view)

Hot
Moist

Cold
Moist

Hot
Dry

Cold
Dry

Diffusion
(moisture vapor)

• Limiting vapor diffusion shouldn’t 
be a primary moisture strategy. 

• Avoid placement of unintended 
vapor barriers within assemblies.

The Struggle with Moisture …
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Video courtesy of Trinity ERD

Managing Risks Associated 
with Vapor Diffusion

Vapor Retarders in Walls
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Vapor Retarders on Roof Decks

Where Does Condensation Occur?

Graphics courtesy of Griffin & Fricklas (2006)

Vapor Diffusion
occurs when water 

molecules (vapor) in 
the air pass through a 
solid material due to a 
pressure differential 

(high to low) on either 
side of the material.

MOST of the materials 
in assembly “Limit 
Vapor Diffusion” 

(less than 10 US Perms), But 
which one STOPS 

condensation?

Vapor Control - Principles
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Roof Membrane
Gypsum Coverboard

PolyIso insulation
Vapor Retarder

Gypsum Substrate Board
Steel Roof Deck

Exterior Gypsum Sheathing
Low Permeance Air Barrier
Continuous insulation
Steel stud

Vapor Retarders

Concrete Roof Deck

Vapor Retarder Recommendations
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Vapor Retarders

• Vapor retarders are used 
to slow migration of water 
vapor

• Control moisture and 
humidity migration

• Lower condensation risks
• NOT required by current 

code
• Can also function as air 

barrier

Diffusion
(moisture vapor)

• Limiting vapor diffusion shouldn’t 
be a primary moisture strategy. 

• Avoid placement of unintended 
vapor barriers within assemblies.

Air Transport
(moisture vapor)

• Ensure design is constructible and 
continuous across assemblies.

• Perform construction verification 
and onsite performance testing.

Diffusion vs. Air Leakage

1x 100x

Images courtesy of RDH

Airflow through the building 
envelope is the most 
effective method of 
carrying heat and moisture 
into or out of a building …

…which is why there are 
code requirements for air 
barriers.
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Air Leakage Control

Yost, P. & Melton, P. (2012, November). The Hidden Science of High-
Performance Building Assemblies. Environmental Building News, 11.

• Air infiltration and 
exfiltration make-up 
are: 

• 25%-40% of total heat 
loss in a cold climate

• 10%-15% of total heat 
gain in a hot climate.

Internal Air Leakage Impact

Air Flows from Higher Pressure to 
Lower Pressure

“Biocontainment facilities 
are designed based 
on…one-way airflow and 
segregated clean and 
soiled environments…. 

Source: Gordon, D., Ward, J., Yao, C. J., & Lee, J. (2020). Built 
Environment Airborne Infection Control Strategies in Pandemic 
Alternative Care Sites. HERD: Health Environments Research & 
Design Journal.

Biocontainment Unit Schematic Planning: Procession of flows in typical 
biocontainment patient isolation room pairs. Source: Adapted from the 
schematic layout of Texas Children’s Hospital biocontainment rooms.
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Air Flows from Higher Pressure to 
Lower Pressure

…air flowing into the 
patient room and vented 
to the exterior results in 
safer conditions…and 
better infection 
containment.”

Source: Gordon, D., Ward, J., Yao, C. J., & Lee, J. (2020). Built 
Environment Airborne Infection Control Strategies in Pandemic 
Alternative Care Sites. HERD: Health Environments Research & 
Design Journal.

Biocontainment Unit Schematic Planning: Procession of flows in typical 
biocontainment patient isolation room pairs. Source: Adapted from the 
schematic layout of Texas Children’s Hospital biocontainment rooms.

Air Leakage Control

Source: Smith Group, used with permission.

Building Enclosure Conference |  Denver  |  2023 Courtesy of Socotec
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Base Single-Ply Roof Design*

1. Air gets pulled up due to membrane flutter / billowing.

2. Air diffuses up through insulation butt joints and other gaps 
and, air carries moisture! 

*Notation for purposes of this discussion only

*Notation for purposes of this discussion only

Even Better Single-Ply Roof Design*
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How Scary Is This?

The risks of getting this wrong:

• Biological growth
• Cross contamination
• Occupant discomfort 
• Energy inefficiencies

Source: Aimee RIvers, CC BY-SA 2.0

Managing Risks Associated 
with Air Transport

Creating an Air Barrier System

Materials

Accessories

Components

Images from Illustrated Guide – Achieving Airtight Buildings, published by BC Housing in September 2017.

Combination
of interconnected 
materials, 
assemblies, 
sealed joints, and 
components
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Vapor Retarders on Roof Decks

Air Barriers
• Condensation and 

moisture accumulation
• Transmission of airborne 

contaminants
• Energy inefficiencies
• Patient and staff 

discomfort
• Air Barriers must be a 

SYSTEM and not all air 
barriers are Vapor 
Retarders Image courtesy of Intertek

• Avoiding complex design which 
direct water into assemblies.

• Regular maintenance and 
repairs in the building-use 
phase.

Diffusion
(moisture vapor)

• Limiting vapor diffusion shouldn’t 
be a primary moisture strategy. 

• Avoid placement of unintended 
vapor barriers within assemblies.

Air Transport
(moisture vapor)

• Ensure design is constructible and 
continuous across assemblies.

• Perform construction verification 
and onsite performance testing.

Diffusion vs. Air Leakage
Bulk Water

1x 100x >1000X
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Managing Risks Associated 
with Bulk Water

Helping to solve your toughest challenges.

SBS-Modified Bitumen PMMA Liquid-Applied 
Roofing & Vehicular

Single-Ply Low Odor STP Liquid 
Applied

Hot Applied Rubberized 
Asphalt

Vegetated Roof

Geomembrane Lightweight Insulating 
Concrete

Polyisocyanurate 
Insulation

Temporary Enclosures Wall Air, Water & Thermal 
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Control layers become more complicated when the roof meets 
the wall at the parapet condition

Control Layers

Rising Wall at Parapet 

Image Courtesy of Wiss, Janney, Elstner & Assoc. 

Rising Wall at Parapet 
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Image Courtesy of Wiss, Janney, Elstner & Assoc. 

50

Air Barrier /        
Temp. Roof

Add Redundancy: Secondary Waterproofing

Add Redundancy: Hybrid Systems

● System includes:
○ Single ply membrane 

(commonly Fleece-Back)
○ Base ply or plies
○ Coverboard / insulation
○ Rigid board / roof deck
○ Substrate board and VB

● Redundancy, UV protection, 
and reflectivity, no exclusion 
for ponding water, ability to 
install in phases
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Benefits of a Hybrid Roof Assembly

● Redundancy of mod-bit
● No ponding water exclusions
● Low VOC
● High SRI
● Ability to install in different 

phases

Complex Roof Considerations
Risk Mitigation Strategy

Waterproofing for overburdens
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Wind Uplift Considerations 

Images courtesy of MTL-Holdings (Hickman Edge Metal Systems)  

Parapet Caps and Edge Metal
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Practical Application of 
Risk Mitigation Efforts

QA Inspections – Third Party Consultant
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Preventative Maintenance 

Preventative Maintenance 

Vapor and Air control in hospitals can prevent: 
• Condensation and moisture accumulation
• Transmission of airborne contaminants
• Energy inefficiencies
• Patient and staff discomfort

Roof and wall design can have a significant impact on the 
performance of a healthcare facility.

Summary Key Points
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Critical Detailing is Essential …

Source: Andenæs, E., Time, B., Muthanna, T.,  Asphaug, S., and 
Kvande, T. (2021). Risk reduction framework for blue-green roofs. 
Buildings 2021, 11(5),185; 
https://doi.org/10.3390/buildings11050185.

… along with sequencing 

Actionable Items

Retard vapor
ES-1 Compliant Metal
Preventative Maintenance 
Air Barrier System
Interior Enclosures

Detailing Repaid in Spades
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Your Building & Roofing Science Leadership Team

Your Building & Roofing Science Regional Team

MEXICO
Chelsey Line

Specified Solution 
Advisor

Jennifer Keegan
Senior Director, 

Building & Roofing 
Sciences

Erin Andes
Director of Design 

Outreach

Taylor Schenker
Technical Education 

Manager

Andrea Wagner 
Watts

Building Science 
Education Manager

Kristina Sigmund
Specified Solution 

Advisor

Rolando Figueroa
Specified Solution 

Advisor

Trevor Hair
Specified Solution 

Advisor

Matt Braun
Building Design 

Manager

Jason Conley
Building Design 

Manager

Mary Beth Reed
Building Design 

Manager

Michael Popeck
Building Design 

Manager

Timothy Clepper
Building Design 

Manager

Southeast 
Region East RegionSouthwest 

RegionCentral RegionWest Region

Mary Beth Reed, RRO
marybeth.reed@gaf.com

Thank you!


