LML, e
¥ * o . m & v -,‘f;
il Ty W ¥
;& Y e g
® v? & NM‘ - * g
T
Ll ] - & o :, - F
| -
o ! m 4 -\
” o TPy o
d 3 ; m #
L - p - ’#’.- ""g
’ v -
- ¥ e
7 i R R .
e " v Y
b e e y
: e 5§ - . . #
- ’ '“t - v‘
ﬂm*" » s s o '
< oy - E & > %
e
¥ ®
b E-a vy W:P'* 0 ;
L e g 7?’ 3 -n""
& =
-

Damp Buildings,
Human Health,
and HVAC Design

Report of the .
ASHRAE Multidisciplinary Task Group: ASHRAE
Damp Buildings



© 2020 ASHRAE
1791 Tullie Circle, NE - Atlanta, GA 30329 - www.ashrae.org
All rights reserved.

Cover image courtesy of Mason-Grant Consulting

Chair

Lew Harriman, Fellow ASHRAE
Director of Research & Consulting
Mason-Grant
Portsmouth, NH

Representing the ASHRAE Representing Occupants Who
Environmental Heath Committee Have Experienced Building-Related Health Effects
Mark J. Mendell, PhD Carl Grimes, IEP
Epidemiologist, Indoor Air Quality Section / President
EHLB / DEODC Healthy Habitats LLC
California Dept. of Public Health Denver, CO
Richmond, CA
Representing ASHRAE TC 9.6, Representing Owners/Operators
Healthcare Facilities Who Regularly Assess Moisture-Related Problems
Rick Peters, PE Rick Frey, PE
President Senior Director | Engineering Support -
TBS Engineering Architecture & Construction
Bainbridge Island, WA Hilton Worldwide
Memphis, TN
Representing ASHRAE TC 1.12, Representing Public Health Officials and
Moisture Management in Buildings Investigators (Nominated by the National Association
George DuBose, PE of County and City Health Officials)
President Robert Maglievaz, MSPH, RS CIH
Liberty Building Diagnostics Group Environmental Administrator
Zellwood, FL Florida Dept. of Health in Volusia County

Daytona Beach, FL

ASHRAE is a registered trademark in the U.S. Patent and Trademark Office, owned by the American Society of Heating,
Refrigerating and Air-Conditioning Engineers, Inc.

ASHRAE has compiled this publication with care, but ASHRAE has not investigated, and ASHRAE expressly disclaims
any duty to investigate, any product, service, process, procedure, design, or the like that may be described herein. The
appearance of any technical data or editorial material in this publication does not constitute endorsement, warranty, or
guaranty by ASHRAE of any product, service, process, procedure, design, or the like. ASHRAE does not warrant that the
information in the publication is free of errors, and ASHRAE does not necessarily agree with any statement or opinion in
this publication. The entire risk of the use of any information in this publication is assumed by the user.

No part of this publication may be reproduced without permission in writing from ASHRAE, except by a reviewer who may
quote brief passages or reproduce illustrations in a review with appropriate credit, nor may any part of this publication be
reproduced, stored in a retrieval system, or transmitted in any way or by any means—electronic, photocopying, recording,
or other—without permission in writing from ASHRAE. Requests for permission should be submitted at www.ashrae.org/
permissions.

Library of Congress Cataloging in Publication Control Number: 2019053832



Contents

Preface ....... ... . i
Summary and Recommendations. . ........................... 1
Health-Relevant Indoor Dampness . . . ...................... 1
Quantitative Metrics. . .. ....... ... . . 1
Dampness Leading to Structural Risk . . . .................... 2
Epidemiological Studies of Damp Buildings ..................... 4
Foundation of the Description . . . . .......... ... ............ 4
Factors that May Increase or Reduce Dampness Health Risks . . .. .. 7
EXposUre . . ... . 7
Individual Occupant Sensitivity . ........................... 7
Dampness Description is Based on the
Precautionary Principle. . . .. ... . ... . 7
Quantitative Tests with Early-Warning Thresholds . .. ............. 9
The Importance of Measurements Over Time. .. .............. 9
These Thresholds are not Indications of
Elevated Health Risk. . . . . ... .. .. . . . . 9
These Thresholds do not Imply a Standardof Care .. ......... 10
Early-Warning Thresholds of Possible Future Problems. .. ... .. 10

References . ... ... .. . 25






Preface

This report provides a summary of what is understood within ASHRAE about
dampness-related health risks in buildings as well as suggestions for HVAC sys-
tem designers that can help avoid such risks. As readers understand, knowledge
advances over time; this report summarizes the state of understanding of volunteer
experts within the Society as of 2019.

Since the late 1980s in North America and increasingly around the world,
moisture and humidity problems in buildings have been the subject of extensive
litigation, based in part on concerns about occupant health. For example, a
detailed survey of federal buildings in the United States during the late1990s
noted that more than 85% of buildings surveyed had experienced moisture or
humidity problems over their lifetime, and at the time of the investigation 45%
were experiencing current problems (EPA 2006). In 2008, the National Associa-
tion of Insurance Commissioners (NAIC 2008) reported that as of 2007, humidity
and moisture-related problems in buildings accounted for 84% of the claims
against the errors and omissions insurance of architects and engineers, and mois-
ture-related damage was the single most-litigated construction defect claim
against contractors.

As a Society of volunteers, ASHRAE’s mission statement is broad and com-
pelling: “To serve humanity by advancing the arts and sciences of heating, ventila-
tion, air conditioning, refrigeration and their allied fields.” Consequently, from the
beginning of mold and dampness problems in modern buildings, the membership
of ASHRAE has been deeply involved with these issues because of their expertise
in the design, installation, and operation of HVAC systems

Initially, members were called upon to help solve the indoor air quality (IAQ)
problems that result from excessive moisture, humidity, and microbial growth in
buildings and HVAC systems. More recently, additional technical experts within
the membership volunteered to help the industry improve building science, a sub-
ject that includes the complex interactions between buildings’ HVAC systems and
their enclosures. ASHRAE volunteers have formed and served on several techni-
cal committees to discuss, understand, and make recommendations to reduce the
risks associated with building dampness.

As aresult, over the last 20 years volunteer efforts have produced publications
that can help our members and the industry develop and improve best practices
with respect to humidity control and moisture management in buildings.
ASHRAE publications currently available to the public on this subject include the
following:
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*  Humidity Control Design Guide for Commercial and Institutional Build-
ings (Harriman et al. 2001a)

» The ASHRAE Guide for Buildings in Hot and Humid Climates (Harriman
and Lstiburek 2009c¢)

* ASHRAE Position Document on Limiting Indoor Mold and Dampness in
Buildings (ASHRAE 2018)

* “Moisture Management in Buildings,” Chapter 36 of ASHRAE Hand-
book—Fundamentals (ASHRAE 2017b)

* “Heat, Air, and Moisture Control in Building Assemblies—Fundamen-
tals,” Chapter 25 of ASHRAE Handbook—Fundamentals (ASHRAE
2017b)

» “Heat, Air, and Moisture Control in Building Assemblies—Material
Properties,” Chapter 26 of ASHRAE Handbook—Fundamentals
(ASHRAE 2017b)

* “Heat, Air, and Moisture Control in Building Assemblies—Examples,”
Chapter 27 of ASHRAE Handbook—Fundamentals (ASHRAE 2017b)

* “Moisture and Mold,” Chapter 64 of ASHRAE Handbook—HVAC Appli-
cations (ASHRAE 2019c¢)

Although helpful to professionals who seek to avoid moisture and humidity
problems, these publications do not directly address the health consequences of
such problems. Therefore, in the Society’s position document on this subject
(ASHRAE 2018), the ASHRAE Board of Directors asked that members of our
technical committees again volunteer their time and expertise to work with other
stakeholders to develop a practical and inspectable description of a building that is
“damp enough to increase the risks of health effects for some occupants.” As of
2019, that Board request has resulted in the following:

* The formation of the Multidisciplinary Task Group: Damp Buildings, the
group that produced this report, which is the result of a three-year collab-
oration between 2013 and 2016.

 Inspectable criteria for buildings that, based on peer-reviewed public
health research reports, are similar to buildings proven to be damp
enough to increase health risks.

* Indoor dew-point temperature (DPT) limited to 60°F (15°C) by ANSI/
ASHRAE Standard 62.1 (ASHRAE 2019a). In mechanically cooled and
ventilated buildings, the standard requires that designs include equipment
and controls that are capable of keeping the indoor air dry at all times,
including periods when the building is not occupied.

Readers are encouraged to obtain and make use of the guidance provided by
Standard 62.1 as well as the other resources described in this report. Readers are
also welcome to assist efforts to further improve guidance as volunteer members
of the ASHRAE Technical Committees (TCs) that are concerned with these
issues, namely TC 1.12, Moisture Management in Buildings, and TC 4.4, Build-
ing Materials and Building Envelope Performance, as well as the Environmental
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Health Committee and Standing Standard Project Committee (SSPC) 62.1, Venti-
lation.

Finally, the publications referenced above and this report were written with
commercial buildings, schools, and multifamily high-rise residential buildings as
their primary focus. However, as readers can appreciate by reading the epidemio-
logical studies of building occupants referenced in this report, the warning signs
of health-relevant indoor dampness and the principles of avoiding those condi-
tions also apply to low-rise residential housing.
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Summary and
Recommendations

Epidemiological researchers have shown clear and consistent associations
between occupancy of damp indoor spaces and increased probability of important
adverse health effects such as development of new asthma, exacerbation of exist-
ing asthma, allergic rhinitis, and respiratory infections! (IOM 2004; WHO 2009;
Mendell et al. 2011; Miller 2011; Kennedy and Grimes 2013; Miller and McMul-
lin 2014; Kanchongkittiphon et al. 2015; Mendel and Kumagai 2017). Unlike
some other health risks, illnesses triggered by damp indoor spaces are preventable.

In response to ASHRAE Position Document on Limiting Indoor Mold and
Dampness in Buildings (ASHRAE 2018), ASHRAE’s Technical Activities Com-
mittee (TAC) authorized the creation of this multidisciplinary task group to
develop a simple and easily recognizable description of dampness that is sufficient
to increase the probability of negative health effects and to suggest practical, quan-
titative tools and techniques that can alert managers to the risk of a building or an
indoor space becoming “damp” to an extent that it will affect health in the future.

Toward these ends, this task group has reached consensus recommendations
for a description of health-relevant indoor dampness and for quantitative tests and
thresholds that can serve as early warning signs of possible health-relevant damp-
ness in the future. These include health-relevant indoor dampness, quantitative
metrics, and dampness leading to structural risk.

Health-Relevant Indoor Dampness

Indicators of health-relevant indoor dampness in a building or space include
visible mold growth, moisture, damage from water or moisture, or musty/moldy/
earthy odors. These indicators have each been clearly and strongly associated with
increased probability of negative health effects for occupants, although no specific
dampness thresholds have been established and not all individuals are equally
affected.

Quantitative Metrics

Quantitative metrics, with thresholds that separately provide early warning of
possible future health-relevant dampness, are as follows:

1. Evidence from epidemiological studies showed indoor dampness or mold were consistently associ-
ated with increases in multiple diseases (asthma development, asthma exacerbation, current asthma,
never-diagnosed asthma, respiratory infections, allergic rhinitis, eczema, and bronchitis) and symp-
toms (lower respiratory symptoms such as difficulty breathing and wheezing as well as upper respi-
ratory tract symptoms such as nasal, sinus, and throat symptoms and cough) (Mendell et al. 2011).
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1. Persistent water activity levels above 0.75 at the surfaces of organic
materials or coatings.

2. Persistent moisture content above 15% wood moisture equivalent
(WME) in organic materials, coatings, and untreated paper-faced gyp-
sum board.

3. Persistent moisture content above 90% equilibrium relative humidity
(ERH) in concrete or masonry that is either coated with—or is in contact
with—organic materials or coatings.

4. Persistent indoor humidity above a dew-point temperature (DPT) of
60°F (15°C) for buildings that are being mechanically cooled or above a
DPT of 45°F (7°C) for heated buildings in moderately cold and mixed
climates (in international climate zones 4 and 5, as referenced in Table
B1-4 of ANSI/ASHRAE/IES Standard 90.1 [ASHRAE 2019b]).

In this context, the word persistent means that the condition has become typi-
cal because it extends for days or weeks at a time rather than being infrequent
excursions of a few hours per week above these suggested thresholds followed by
a return to normal levels of dryness.

Note that any of these quantitative metrics are indicators of abnormal condi-
tions that can ultimately lead to moisture accumulation and health-relevant indoor
dampness. The word abnormal is used here to describe conditions that, while they
may occur with some regularity in many buildings, are seldom if ever the basis of
design for durable buildings and energy-efficient climate-control systems.

Finally, note also that these quantitative metrics and thresholds are not
intended to be, nor have they been documented to be, indicators of current health-
relevant indoor dampness. Unless or until such associations are established and
documented, these quantitative metrics should be considered early warnings of
possible health-relevant dampness at some future date. They do not provide quan-
titative validation of current health-relevant dampness.

Dampness Leading to Structural Risk

This report deals with the issue of dampness as it relates to human health. But
the committee notes that excessive indoor dampness has also been documented to
reduce the load-bearing capacity of wood framing. Further, extended dampness or
periodic condensation can corrode critical structural fasteners inside the walls,
foundation, and roof of a building.

Under those circumstances, problems associated with excessive indoor damp-
ness go far beyond long-term health effects, extending all the way to the risk of
short-term structural failure. A thorough discussion of structural risks is beyond
the scope of this committee’s assignment, but we note the importance of limiting
moisture accumulation and avoiding condensation not only inside the building but
also inside the assemblies of its exterior walls, foundation, and roof. Prudent
building design, construction, and management must avoid interstitial condensa-
tion and moisture accumulation.
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Periodic moisture content measurements and/or continuous monitoring of
moisture content and condensation inside building assemblies can help alert the
building owner, allowing action to avoid problems that could proceed to the level
of structural failure, with its obvious and significant risks to public health and
safety.
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Epidemiological Studies of
Damp Buildings

Our task group notes that persistent dampness is not a normal indoor condi-
tion. Indoor spaces and furnishings are designed, constructed, and operated to be
dry and to stay dry. If an indoor space has become damp enough to grow visible
amounts of mold, or to create musty/earthy odors, or to have visible water damage
or moisture, something about the way the building is designed, constructed, oper-
ated, or maintained is simply wrong. The sources and mechanisms that led to per-
sistent dampness must be discovered and eliminated promptly to avoid increased
probability of health risks to occupants.

Foundation of the Description

The description of the characteristics of health-relevant dampness is based on
field research by epidemiological investigators that shows clear relationships
between these dampness/mold (D/M) indicators and negative health effects. In
addition, investigations show a dose-response relationship between the amount of
the D/M indicator and the probability of adverse health effects. As examples of
this research, consider the evidence summarized in Figures 1 and 2. (Mendell and
Kumagai 2017; Kanchongkittiphon et al. 2015).

Figure 1 summarizes findings from two quantitative summaries (Quansah et
al. 2012; Jaakkola et al. 2013) of many studies. The first group of four columns
shows that, with any indicator of mold or dampness, the asthma odds ratio
increases to 1.3. In other words, the results show that the probability of developing
asthma in previously unaffected occupants was about 30% higher in the presence
of any indicator of dampness or mold. Further, the probability of developing any
form of rhinitis increased by 110%, and the probability of rhinoconjunctivitis was
70% higher.

The fourth column grouping shows the association established by this research
between perceived dampness and negative health effects. We note, however, that
the studies do not provide any means of quantifying the amount of perceived
dampness that was associated with those health effects.

Figure 1 also shows that increases in probability indicated by the presence of
mold odor (column grouping 2) is greater than the risks associated with the other
indicators: visible mold growth, dampness, and water damage (column groupings
3, 4, and 5). From evidence such as this, we conclude that professionals should
not dismiss moldy/musty odors as merely indicators of a potential future problem.
Instead, those in a position to take action should recognize that odors are an indi-
cator that the probability of negative health effects is already elevated.

4 Damp Buildings, Human Health, and HVAC Design







































Figure 6 Equilibrium RH test to measure moisture content in concrete and masonry
block. The ASTM F2170 (ASTM 2011) moisture content test is generally
considered conclusive. One measurement is taken at the center of every
1000 ft? (100 m2) of concrete surface. Each test location requires drilling a
hole, cleaning it out, and inserting and sealing the RH sensor into the hole.
Then you must allow 72 hours for the concrete around the hole, the air
inside the hole, and the sensor body to come into hygrothermal equilibrium.

act as desiccants are part of the mix, which can greatly affect the RH readings in
drilled holes. Also, if vapor barrier coatings such as curing coatings are applied to
the concrete or masonry, the fact that moisture content is elevated may present no
risk to nearby organic materials, adhesives, or coatings.

Documents and logic that support this suggested threshold of concern are that
each coating and flooring manufacturer has specified limits for moisture content
of concrete before installation (MFMA 2011). Some require as low as 75% ERH,
and others tolerate ERHs of 85% or even 95% for specialized coatings designed to
be vapor barriers (Kanare 2005). But our purpose in suggesting the limit of 90% is
to provide a metric that allows for the fact that complete hydration (curing)
requires and internal RH of 85% and that later in service only very rare circum-
stances call for a long-term ERH of 90% or above.

Capacitance-based concrete moisture meter.
Threshold of concern: 3% or above

Measurements taken with these instruments are most useful for a quick scan to
locate areas of significant moisture differences and as early warnings of extreme
moisture. This technique, illustrated by Figures 7 and 8, is also referred to in the
literature as impedance measurement.

The advantages of this method are that it provides instant readings and is low
cost, and it is accurate enough for prompting concern and action to dry the material
before coating or applying adhesives and before attaching vulnerable materials.
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Figure 7

~

Capacitance instrument to estimate moisture content in concrete and
masonry block. Although not considered conclusive, capacitance moisture
meters are often used to approximate moisture content. The technique
does not require drilling holes or a 72 h waiting period. It can be used to
take many measurements quickly, allowing construction of a visual
moisture map, as shown in Figure 8.

Figure 8

18

A moisture map provides visual documentation of locations and the extent
of excessive moisture. Using a capacitance-based moisture meter, sticky
notes, and a marker, an investigator can document the extent and locations
of excessive moisture in a display of “moisture geography” that helps
managers locate and eliminate a problem at its source.
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The limitation of this method is that accuracy can vary depending on the con-
ductivity of the aggregate and the operators’ hand pressure. A single manufacturer
makes the most widely used instrument, and two other manufacturers use different
and widely varying scales for moisture content. Readings for the same moisture
content differ widely between meters from different manufacturers and can even
vary between different models from the same manufacturer.

As reported by Lee (2016), the 3% reading on the meters used most frequently
in the United States is by no means a signal that the concrete is dry enough to
allow installation. It serves instead as a useful warning signal that in one specific
location the material is probably too wet to allow installation of moisture sensitive
coatings, directly attached gypsum board, or water-based adhesives.

Moisture vapor emission rate (MVER).
Threshold of concern: 3 Ib/1000 ft2 [100 m?]/24 h or above

This is a well-known test that is often the basis of warranties for flooring,
adhesives, and coatings. In the past, when warranty issues were in question, this
test (or the ERH test) was relied upon to provide the most credible results. This
test is supported by robust manufacturer and service-company infrastructure and
by procedures defined by ASTM F1869, Standard Test Method for Measuring
Moisture Vapor Emission Rate of Concrete Subfloor Using Anhydrous Calcium
Chloride (ASTM 2016).

One advantage of this method is that it is a direct measurement of the rate of
water vapor migration out of concrete, which is the most relevant factor for
assessing the relative risk of mold growth in nearby materials or coatings. It is also
relatively low in cost. It is a simple procedure that has been used for decades to
ensure the level of moisture is safe for installation of flooring adhesives and finish
flooring. Finally, it does not require drilling holes or chipping out test samples
from the concrete surface.

The limitations of this method are that it requires three test kits for the first
1000 ft? (100 m2) of surface plus one test kit for every additional 1000 ft?
(100 mz). Kits are not reusable. It also requires a full 72 hours at service tempera-
ture for reliable results. As a practical matter, the test can only be performed on
horizontal surfaces. Results, while generally consistent, are subject to technician
errors in installation or in the before-after weight measurements and in the arith-
metic calculations that follow these time-weight change measurements.

Documents and logic that support this suggested threshold of concern are that
each coating, adhesive, and flooring manufacturer sets limits for moisture content
of concrete or masonry. In the absence of more specific limits, we can look to their
industry associations and a recent survey of manufacturers’ specified limits for a
useful default high limit.

The suggested threshold of concern of 3 1b/1000 ft? [100 m?]/24 h comes
from the Resilient Floor Covering Institute as referenced in Engineering Bulletin
119 (Kanare 2005) published by the Portland Cement Association. This publica-
tion, often referenced in specifications within the flooring industry, suggests that
at emission rates at 3 1b/1000 ft*> [100 m?]/24 h or below, most tile adhesives and
most flooring materials will tolerate moisture absorption without damage.
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Early-Warning Test 4: Persistent Indoor Air Humidity above a DPT of
60°F (15°C) for Buildings that are Mechanically Cooled or Above a
DPT of 45°F (7°C) for Heated Buildings in Moderately Cold and Mixed
Climates (in Climate Zones 4 and 5)

20

Mechanically Cooled Buildings

Buildings cooled by natural ventilation alone have very low HVAC-dependent
risk of microbial growth. In contrast, mechanical cooling creates higher risks,
because it creates cold surfaces. Cold surfaces increase risk of persistent damp-
ness, because they encourage absorption of moisture from the air while at the
same time impeding the release of that moisture back into the air. Further, the
greater the mass of water vapor in the air, the greater the risk of absorption and
persistent dampness when surfaces become cool. The indoor-air DPT is a reliable
measurement of the mass of water vapor available for absorption and therefore
potentially available to support microbial growth.

Consequently, designers, builders, and operators need to be aware that
although cooling systems do remove moisture from the air, they also create a sig-
nificant risk of excessive accumulation of moisture on cold surfaces, both in the
building and inside the cooling system itself. Designers and building owners may
benefit from a description of what is meant by normal and abnormally high
indoor DPTs and the logic for selecting the recommended values.

Distinguishing between Normal and Abnormally High Indoor DPTs

Typical HVAC design practice sets a target indoor condition at or near a tem-
perature of 75°F (24°C) and an RH of 50%. That means that most designers’
intended indoor DPT is at or near 55°F (12.8°C). While it may often be the case
that cooling systems fail to maintain that level of humidity as a firm upper limit, it
is rarely the case that an owner or designer intends the indoor RH to be above 60%
as the basis of design. Said another way, if the DPT inside the building is above
60°F (15°C), it is an indication that something about the design, construction, or
operation of the cooling system is not normal and can therefore serve as a warning
of excessive indoor moisture and possible future microbial growth.

Using DPT rather than RH as the Primary Dampness Risk Indicator

Using a 60°F (15°C) DPT as the threshold of concern is much more reliable
than using 60% RH as a risk indicator. Condensation is the principal risk, followed
by the risk of moisture absorption during unoccupied hours. Relative humidity
measured at the thermostat does not alert the building manager to these risks.

Figure 9 shows an example that illustrates why monitoring the DPT provides a
more reliable risk indicator than monitoring the RH. Both air and surface tempera-
tures throughout the complex spaces of any building vary widely above and below
the thermostat set-point temperature. Using RH in the air as a metric of concern is
highly misleading. Focusing on an RH limit leads to needless concern when the
temperature of the air is cool, as in the case of supply-air temperature during cool-
ing operation. An RH focus also allows an unwarranted sense of safety when the
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air temperature is above normal, such as in a school during summer vacation,
when the indoor temperature may be quite high.

Documents and Logic that Support a 60°F (15°C) DPT
as a Threshold of Concern

A more detailed discussion of the logic for setting either a 55°F or a 60°F (a
12.8°C or a 15°C) DPT as a prudent limit for normal indoor humidity (and as a
reasonable compromise with respect to energy use to maintain building dryness)
can be found in Humidity Control Design Guide for Commercial and Institutional
Buildings (Harriman 2001a), The ASHRAE Guide for Buildings in Hot and Humid
Climates (Harriman and Lstiburek 2009c), Chapter 64 of ASHRAE Handbook—
HVAC Applications (2019c¢), and Moisture Control Guidance for Building Design,
Construction and Maintenance (EPA 2013).
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Figure 9 Moisture absorption and mold growth often result from a high indoor DPT
combined with periodic cooling of surfaces. The RH in the air is rarely the
same as the RH at the surface. This is particularly true near cold supply-air
diffusers. In this building, the indoor DPT stayed high over months whenever
air-conditioning systems were turned off. The persistent high DPT allowed
excessive moisture absorption and mold growth on the surfaces of acoustic
ceiling tiles near supply-air diffusers. Keeping the indoor DPT below 60°F
(15°C) at all times greatly reduces the amount of indoor humidity available
to support mold growth. This maximum is a design requirement for systems
in mechanically cooled buildings (ASHRAE 2019a).
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Beyond the issues of building dampness and microbial growth, there is also
the matter of thermal comfort for occupants. ANSI/ASHRAE Standard 55, Ther-
mal Environmental Conditions for Human Occupancy (ASHRAE 2017a), warns
that holding other factors equal, it is useful to maintain the DPT below 62°F
(16°C) if the goal is to satisfy the thermal comfort for 80% of occupants. The
“center” of the summertime humidity comfort range (that which is likely to satisfy
more than 80% of occupants) is a DPT of 45°F (7°C). So, for most HVAC
designs, while excursions above a 60°F (15°C) DPT in a mechanically cooled
building may happen, these are neither normal nor intended to be normal by either
owners or HVAC designers. Additionally, a high DPT represents a direct measure-
ment of the degree of risk of moisture absorption or condensation on cool sur-
faces. Therefore, a persistent DPT above 60°F (15°C) is a useful indicator that
there is an elevated risk of future microbial growth in hidden spaces in buildings
that are mechanically cooled.

Heated Buildings in Moderately Cold and Mixed Climates

Excessive indoor humidity is a well-known risk factor for buildings in cold
and mixed climates. Much has been published in North America and Northern
Europe about the problems, which have ranged in severity from the annoying win-
dow condensation shown in Figure 10 to mold growth to exterior wall failures to
corrosion of structural fasteners that has led to death (ASHRAE 2017c; Hesel-
mans and Vermeij 2013; Mecklenburg 2007; O’Brien and Patel 2011; Trechsel
and Bomberg 2009).

Cold-climate dampness and health issues in housing in North America and
Europe have also been widely reported. For housing, the problem of condensation
and its health implications are complicated by issues of management, overcrowd-
ing, finance, public policy, and energy. These issues have been the subject of

extensive multinational research by the International Energy Agency over decades
(Hens 2002).

This report proposes an indoor-air DPT of 45°F (7°C) as a prudent upper limit
for existing, conventionally constructed buildings being heated in moderately cold
or mixed climates (international climate zones 4 and 5).

At the same time, it must be admitted that the optimal upper limit depends on
many factors that are difficult to predict. To be clear, at present there is no author-
ity that backs up the proposed 45°F (7°C) DPT as a threshold of concern beyond
the anecdotal experience of a limited number of building science professionals. To
date, experts from cold climates who are members of ASHRAE Technical Com-
mittees (TCs) 1.12, Moisture Management in Buildings, and 4.4, Building Enclo-
sures, are uncomfortable with any standard or regulation establishing a single
maximum indoor humidity limit for all types of buildings in all climates. The
appropriate maximum is an especially difficult question in the coldest climates
(international climate zones 6 through 8). So to allow readers to set a wise limit
for their projects and buildings, it will be helpful to elaborate the logic for the
upper limit proposed by this report, which applies to the mixed and moderately
cold climates of climate zones 4 and 5.
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The goal of limiting the indoor DPT in winter is to limit the amount of con-
densation that inevitably occurs inside exterior walls during winter months. Some
layers of exterior walls in cold climates will become wetted during the winter, but
they generally dry out during the summer. To reduce health risks by avoiding win-
ter condensation, an appropriate strategy is to set an indoor humidity limit that
avoids extreme wetting (i.e., a limit that minimizes condensation and absorption
of moisture to an amount that the building can tolerate without growing mold and
bacteria during winter and swing seasons and that will dry out during warmer
weather).

A building’s moisture tolerance depends on its materials and the exact config-
uration of all the layers, gaps, cracks, and holes in its enclosure (which sometimes
differs substantially from the designers’ intentions). Additional factors include the
average wind pressure and velocity across the outdoor surfaces of the building and
the outdoor and indoor air and surface temperatures. Therefore, especially for
buildings in the coldest climates, selection of a single number as a prudent upper
limit for DPT in winter is, to say the least, optimistic. A prudent limit will be spe-
cific to each building enclosure as well as the microclimate variations at the site in
question. ASHRAE provides guidance for analyzing the moisture tolerance of any
specific enclosure assembly in ANSI/ASHRAE Standard 160 (ASHRAE 2016).

But for less severe climates, in the absence of more certain knowledge of all
the relevant variables, a 45°F (7°C) DPT seems a plausible default upper limit if
that level is intended by the owner or designer to be persistent (as defined at the
beginning of this report).

Factors that could adjust that level up or down include enclosure airtightness
and the lowest R-value of any component or assembly that spans the entire exte-
rior wall from inside surface to outdoor surface. If the enclosure is airtight as
defined by ASHRAE/IES Standard 90.1 (ASHRAE 2019b)—Ileaks less than
0.4 cfm/ft> (2.03 L/s'm?) of air barrier surface at 75 Pa—then the building may
resist condensation at levels higher than the suggested 45°F (7°C) indoor-air DPT,
provided that any thermal bridging is also avoided by the design and its installa-
tion. If the building leaks more air, or if it has thermal bridges, then a lower indoor
DPT would be more appropriate.

As an example, consider the condensation evident below the museum window
shown in Figure 10. In this museum, located in climate zone 6, the indoor air was
continually humidified to 50% RH at 70°F (21°C). Condensation was a constant
issue over many weeks in this cold climate because of the high DPT versus the
low R-value of the glazing and the even lower R-value of the window frame. Such
problems have been common in museums even in more moderate climates, such
as Washington, DC (Renaud and Rose 2019).

For further guidance, members of ASHRAE TCs 1.12 and 4.4 and this multi-
disciplinary task group encourage readers to consult ASHRAE Standard 160
(ASHRAE 2016) and the many building enclosure modeling programs available
to engineers and architects.
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Figure 10 Museum window in a cold climate (climate zone 6). The prudent humidity
limit to avoid condensation depends on airtightness and the R-values of all
the components, including window frames. In this building, the 50°F (10°C)
DPT was too high to avoid persistent condensation. (Courtesy Mason-

Grant Consulting)
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