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Abstract 

Moisture-sensitive materials are commonly applied to concrete surfaces with exterior 
environmental exposure (roofs, plazas, concourses, retention structures, parking garages, 
etc.). Most current industry guidance regarding acceptable concrete moisture is limited to 
concrete in conditioned environments where the temperature and humidity are controlled. 
Research has been conducted to develop a framework to provide guidance for the application 
of moisture-sensitive materials in unconditioned environments. The presentation will include 
discussion of basic to advanced topics and will include findings from research that will be 
useful for design professionals specifying the application of moisture-sensitive materials. 
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Assessing Concrete Moisture
	
in Unconditioned Environments
	

INTRODUC TION 
Moisture-sensitive materials such as 

adhesives and coatings (simplified as coat
ings for this article) are routinely applied 
to concrete surfaces in exterior plazas, roof 
structures, concourses, retention struc
tures, parking garages, etc., for various 
purposes, including waterproofing and pro 
tection. The service environments for the 
coatings are often unconditioned—that is, 
in situations where the temperature and 
moisture condition around the concrete ele
ment is not regulated. The success of these 
moisture-sensitive coating applications is 
often crucial for the performance of build
ing envelope systems and for the protection 
of structural elements, and is dependent on 
the vapor drive behavior through the coated 
concrete assembly. 

The negative effects of excessive moisture 
in concrete to the performance of adhesively 
applied surface materials are well estab 
lished and understood by the industry. Most 
people familiar with applying coatings to 
concrete surfaces understand the frustration 
of assessing when the concrete has been ade 
quately moisture-conditioned. That is to say, 
how do we know when the concrete is “dry” 
enough to install the material? Although 
there are numerous ways to measure mois
ture levels in concrete, commonly accepted 
methods used in the context of coatings 
are relatively limited. This article proposes 
what we believe to be more intuitive and 
useful alternatives for moisture measure
ment in the context of moisture conditioning 
for application of moisture-sensitive materi
als in unconditioned environments. We will 
also present analytical work completed to 
model vapor drive in two common exterior 
constructions—a concrete slab-on-ground 
and concrete roof deck. Recommendations 
based on the findings from our analysis will 
be presented at the end. 

BACKGROUND 
Currently, the vast majority of industry 

guidance regarding moisture measurement 
is limited to concrete in interior, conditioned 
environments. Test protocols and thresh
olds for acceptable moisture vapor emission 

rates (MVER) and in-situ relative humidity 
(RH) are well established for regulated inte 
rior environments, with more recent empha
sis placed on RH testing. However, there is 
limited guidance on what is acceptable for 
concrete elements during construction prior 
to the HVAC system being commissioned or 
for concrete elements in an exterior environ
ment that will never be conditioned (roof 
decks, parking garages, etc.). Conditioning 
the environment and concrete to 70°F (21°C) 
or some other temperature for the sole pur
pose of verifying moisture conditions is not 
practical in most cases. 

In exterior applications, industry guid
ance is generally limited to ASTM D4263, 
Standard Test Method for Indicating Moisture 
in Concrete by the Plastic Sheet Method, 
which essentially consists of placing a poly
ethylene sheet against the concrete surface 
to see if it condenses. Some manufacturers 
provide RH as a guideline as well, but RH is 
a poor measure of conditioning in a variable 
temperature environment. The industry is 
in need of something better—at least for 
sensitive situations where coating failures 
can have inordinate consequences. 

CONC RE TE MOIST URE 
MEA SUREMENT 
Absolute Humidity 

A major limitation to current methods 
of measuring acceptable moisture levels in 
concrete is that none of the commonly used 
and accepted methods actually quantifies 
the level of moisture vapor contained within 
the concrete in a direct way. RH measures 
the moisture vapor in the concrete relative 
to how much moisture that air can contain 

at a given temperature. If all that is known 
is the RH of the concrete, then almost 
nothing is known regarding the amount 
of moisture vapor in the concrete—of obvi
ous interest when assessing moisture. For 
example, concrete that is 80°F (27°C) with 
an RH of 30 percent contains more mois 
ture vapor than concrete that is 50°F (10°C) 
with an RH of 80 percent. Imagine if similar 
methods were used for measuring other 
aspects of building construction. If length, 
for instance, were measured relative to a 
standard length that varied with tempera
ture (say the height of mercury in a stan
dard thermometer), every length measure
ment would be a relative length requiring 
an associated temperature. Although RH 
is useful for some purposes (e.g., assessing 
condensation potential), it is an inefficient 
tool for measurement of moisture in con
crete in a changing environment. 

As a first step to better understanding 
moisture in concrete elements, it is pro
posed that consideration be given to the 
total water content contained in vapor form 
within the concrete. For example, a concrete 
element that has an RH of 80 percent at 
70°F (21°C)—a commonly accepted thresh
old for flooring applications—has a mois 
ture density within the vapor of 0.00092 
pounds of water per cubic foot of air. For 
convenience, this moisture vapor density 
can be multiplied by 105 and defined as the 
Absolute Humidity Number, or AHN. In the 
case of an RH of 80 percent at 70°F (21°C), 
the AHN is 92. This can be performed for 
a range of RH and temperature combina
tions to obtain the AHNs shown in Table 
1. Although the AHN can be calculated for 

Table 1 – Absolute humidity numbers.
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Table 2 – Design guide table for 4-in.-thick basement slab on ground with 0.1-perm coating.
	

an RH of 100%, this value is stricken from 
Tabl e 1 because it no longer represents 
moisture in pure vapor form. 

Tabl e 1 or a similar table could poten
tially be useful in assessing concrete that 
has not been conditioned to the test tem
perature. For example, assume the concrete 
moisture-conditioning requirement for a 
given moisture-sensitive material is an RH 
of 80 percent at 70°F (21°C). If the concrete 
happens to be at a temperature of 80°F 
(27°C) during a given RH test, and the RH 
is measured to be 70 percent, then from 
Tabl e 1, the AHN is 111, which is higher 
than 92 and an indication that the concrete 
has not yet been appropriately conditioned. 
However, in another application, if the con
crete happens to be at 60°F and the RH is 
measured at 90 percent, the AHN is 75, 
an indication that the concrete has been 
adequately conditioned and should satisfy 
material application criteria for moisture 
conditioning of concrete. In this example, 
all of the green cells in Ta bl e 1 satis
fy typical material application criterion. 
Ultimately, the industry could move toward 
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measurement of the AHN directly, and Tabl e 
1 would not be needed. AHN levels could be 
adopted by manufacturers so that moisture 
measurement could be made independent of 
temperature. 

The wood industry has been using the 
similar concept of Wood Moisture Content 
for many years. Most people familiar with 
wood construction are aware that wood 
members should not be installed in most 
building applications until the wood mois 
ture content is below a given threshold— 
commonly 19 percent—a very simple crite 
rion to assess. There could be much benefit 
to introducing this type of simplicity in con
crete moisture measurement. Even though 
moisture-sensitive materials are known to 
be more sensitive to moisture vapor within 
the concrete as opposed to free water,[13] 

which is of interest in wood, the concept is 
similarly useful. 

Knowing the RH alone does not say 
much about the amount of moisture vapor 
in the concrete, but knowing the AHN pro 
vides insight into how much vapor mois
ture is contained within the concrete. For 
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example, concrete with an AHN of less 
than 25 is likely adequate for most material 
applications. Conversely, an AHN of greater 
than 150 is likely inadequate for most 
applications, also regardless of tempera
ture. As more experience is gained in the 
industry, these types of guidance numbers 
can certainly be tightened or supplemented 
with other moisture-related parameters of 
interest (e.g., total moisture content). In the 
meantime, they at least provide some refer
ence as to the conditioning of the concrete 
so that informed decisions can be made. 

Vapor Pressure 
In addition to the absolute humidity 

concept, another parameter related to mois
ture measurement that would be useful 
for consideration with regard to concrete 
moisture measurement is the well-known 
concept of vapor pressure. Current practice 
suggests that moisture vapor transmission 
within the concrete is the phenomenon that 
has the greatest effect on moisture-sensi
tive material performance, which is directly 
related to the vapor pressure that is expected 
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Figure 1 – WUFI Model 1: below-grade concrete slab-on-
ground. 

between the moisture-sensitive material 
and the concrete during its service life. If 
the vapor pressure imposed on the material 
(vapor pressure demand) is greater than 
the vapor pressure capacity of the material, 
failure can be expected. Vapor pressure 
capacity is the time-dependent ability of the 
material to resist vapor pressures imposed 
by moisture emission. If the vapor pressure 
demand is less than the vapor pressure 
capacity, adequate performance should be 
achieved. Although it is difficult to measure 
vapor pressure directly, recent advances in 
computer modeling have made it possible 
to analytically study this phenomenon. The 
balance of our article will describe the ana
lytical work completed. 

VAPOR PRESSURE ANALYSIS 
Net vapor pressure is the difference in 

vapor pressure on the two surfaces of a 
coating (i.e., the surface that is adhered to 
concrete and the surface exposed to soil, 
liquid, air, etc.). For our analysis models, 
net vapor pressure (the difference in vapor 
pressure on each side of the coating) was 
used to evaluate the demand on the coat
ing-concrete bond during service, presum
ing this is a good indicator of expected coat
ing performance. Although this is different 
from the MVER and RH measurements 
used in the industry, it is presumed to be 
more useful in the context of this study. 

Figure 2 – WUFI Model 2: below-grade wall.
	

Figure 3 – WUFI Model 3: built-up roof on concrete deck.
	

Hygrothermal Model were also used for sensitivity studies to were used: one from a floor slab, one from a 
Variables that affect vapor drive include understand the relative performance of wall, and one from a roof deck. Three WUFI 

soil or exterior climate, coating permeance, coatings in industry-accepted conditions models were developed to reflect the respec 
and the presence or absence of a vapor and also in unconditioned environments. tive constructions and environmental con-
barrier. In order to understand the effects The WUFI models were calibrated using ditions at these locations (Figures 1 through 
of these variables, studies were performed field data collected from temperature and 3). The calibrated WUFI models were then 
by building hygrothermal analysis models RH probes installed in concrete elements in used in the subsequent parametric studies. 
using WUFI software. The WUFI models existing buildings. Three sets of probe data One of the most important findings 
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from the WUFI validation models is that 
daily or even monthly climate fluctuations 
on one side of the concrete element did not 
significantly affect the conditioning of the 
concrete. This allowed for simplification of 
hygrothermal models and decoupling the 
coating performance from seasonal climate 
trends. For our subsequent studies, simpli
fied analysis models were used where the 
temperature and RH on each side of the 
coated concrete assembly were constant. 

Effects of Coating and 
Coating Permeance 

Theoretically, MVER is a function of the 
net vapor pressure across the coating and 
the permeance of the coating. For example, 

for higher permeance at the same net vapor 
pressure, the predicted MVER will also be 
higher. The same MVER can be obtained 
with a high-permeance coating at a low net 
vapor pressure, as with a low permeance 
coating at a high net vapor pressure. Four 
models were created to investigate how 
coating permeance affects the net pressure 
experienced by the coating. 

The results (F ig ure 4) show that the 
higher the permeance of the coating, the 
lower the net vapor pressure. For coatings 
at and above 1 perm, the net vapor pressure 
appears to generally decrease over time 
and reaches stabilized conditions within 
the first year. Higher permeance coatings 
also tend to approach stabilized conditions 

Figure 4 – Change in net vapor pressure across the coating over time for a 
concrete slab-on-ground with no under-slab vapor barrier. Note: Net vapor pressure 
buildup over time in the case of a 0.1-perm coating. 

faster. The low-permeance (0.1 perm) coat
ing appears to be allowing pressure buildup 
behind the coating. This is likely due to 
the continued supply of moisture to the 
concrete from the exterior, which is unable 
to dissipate quickly enough through a very 
low-perm coating. 

Effects of Initial Temperature and RH 
The use of the initial differential in 

temperature (DT) and differential in RH 
(DRH) between the interior and exterior 
environments was explored to character
ize a group of similar assemblies. However, 
it was found that the net vapor pressure 
across a coating can be significantly differ
ent in varying environmental temperatures 
and RH conditions, even if DT and DRH are 
similar (F i g ure 5 ). This phenomenon may 
be attributable to the nonlinear dependency 
of hygrothermal properties on temperature 
and RH for the materials modeled. The ther
mal conductivity of concrete increases non
linearly with increased moisture content, 
and it also tends to take up moisture slower 
as its moisture content increases. That is 
to say, hot-wet slabs respond differently to 
changing conditions than cold-dry slabs. 
Despite the limitations, DT and DRH are 
useful for organizing findings in a tabular 
format for this limited-scope research. 

Determining Acceptable Conditions 
for Coating Application 

Design guide tables, an example of 
which were developed in this study as Tabl e 
2 and Tabl e 3 , were developed to illustrate 
potential design aids that could be used to 

aid in decision-making during 
the coating application process. 
Tabl e 2 is derived from the slab-
on-ground model (F ig ure 1), and 
Tabl e 3 is derived from the insu
lated roof deck model (F ig ure 3 ). 

Concrete Slab on Ground 
A series of WUFI simulations 

was performed using the slab-
on-ground model with a 4-in.
thick slab, no vapor barriers 
between the soil and concrete, 
and an applied 0.1-perm coat
ing. Tabl e 2 summarizes the 
results from the analyses. As 
expected, the net vapor pres
sure across the coating tended 

Figure 5 – Change in net vapor pressure across the coating over time for concrete in different to increase with increasing DT 
environmental service conditions. and DRH. Because of the time 
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Table 3 – Partial design guide table for 8-in.-thick insulated roof deck with 0.1-perm coating.
	

dependence of the net 
vapor pressure, three 
values were extracted 
from each model: one 
hour, 24 hours, and one 
year. These three time-
frames are also useful 
for comparison with 
coatings undergoing 
different phases of cur
ing. Many coatings are 
much more sensitive to 
vapor pressure during 
an early age when they 
are curing. A one-day-
old coating application 
is typically more sensi
tive to vapor pressure than a one-year-old 
coating. Knowing what the vapor pressure 
demand is at each of these time intervals 
is useful in assessing expected coating 
performance. 

Tabl e 2 allows for an example of how 
tables can be used to assess the expected 
performance of a coating. For example, if a 
coating manufacturer has deemed that it is 
acceptable to apply a coating when the con
crete is conditioned to 70°F and 80 percent 
RH, with interior environment conditioned 
to be at 70°F (21°C) and 60 percent RH, one 
can look up the entry in Ta ble 2 that corre
sponds to DT = 0°F and DRH = +20%. There 
are three values in that entry corresponding 
to the one-hour, 24-hour, and one-year time 
intervals: 0.096 psi, 0.073 psi, and 0.027 
psi, respectively. These vapor pressures are 
produced from the coating manufacturer-
specified concrete and environmental con
ditioning, so it is presumed these pressures 
are acceptable to the manufacturer. If, in 
reality, the coating is going to be applied 
during construction prior to the building 
enclosure—when the outdoor conditions 
tend to be 90°F (32°C) and 40 percent 
RH—one would compare the acceptable 
net vapor pressure values inferred from the 
manufacturer-approved condition with the 
value in the entry that corresponds to DT 
= -20°F and DRH = +40%: 0.028 psi, 0.044 
psi, and 0.014 psi, respectively. Given that 
these vapor pressures are lower than the 
values inferred from the manufacturer, it is 
reasonable to expect the coating will per
form satisfactorily in service. Clearly this 
is a leap that will require manufacturer 
approval and further refinement. However, 
the hope is that manufacturers will ulti
mately incorporate this broader criterion 

into their application procedures to better 
assist the industry in confident application 
of their materials. 

Concrete Roof Deck 
Similarly, analyses were performed on 

five representative sets of environmental 
conditions applied to the validated concrete 
roof deck model, with insulation and built-
up roofing above the concrete deck. Half of 
the model was run through the summer 
(average T = 80°F (27°C); RH = 75%), and  
the other half was run through the winter 
(average T = 50°F (10°C); RH = 85%). 

Tabl e 3 illustrates that, when the full 
spectrum of climate conditions (solar radia
tion, driving rain, etc.) are considered, 
vapor drive behavior is not easy to predict. 
For example, whereas we would expect 
the vapor drive to be directed towards the 
exterior (positive net vapor pressure) when 
DT  =  +30°F  and  RH  =  -30%,  it  is  not  the  
case here. The magnitude of the net vapor 
pressure is also generally much smaller 
than previous cases run with the base 
ment slab. In the summer, the vapor drive 
is directed generally towards the exterior, 
and, in the winter, the opposite is true. 
These models suggest that solar radiation, 
driving rain, and other climate events do 
have a meaningful effect on vapor drive 
in unconditioned environments. Further 
studies would need to be done to simulate 
assembly performance in specific climate 
environments in order to develop the suite 
of practical design tools that can be applied 
to these conditions. 

ANALYSIS DISCUSSION 
Vapor drive is affected by many inter

related and interdependent variables. When 

most of these variables can be controlled, 
as in coating installations in conditioned 
or relatively stable environments, it is pos 
sible to simplify the models or even rely on 
empirical evidence and experience to guide 
decisions. As the environments and assem
blies get more complex and/or variable, 
simple models or rules of thumb are not as 
effective, and more complex modeling may 
be needed. 

Fortunately, the tools for this model
ing are already available for most assem
blies. This is not inconsistent with model
ing already performed in other contexts. 
In some designs, it may follow naturally 
from energy modeling already performed 
for other purposes. These analyses can pro
vide a rational basis with which to assess 
expected coating performance. 

An important parameter not yet dis 
cussed here is the introduction of moisture 
into the concrete due to the hydration pro
cess or other sources. Our models would 
capture latent moisture from cured con
crete that has already hydrated, but do not 
account for the introduction of moisture 
during the modeling period. For relatively 
young concrete, this could be relatively eas 
ily included in the model once the hydration 
moisture levels are quantified. 

A reproducible framework for future 
expansion of the analysis begun here has 
been provided. As hygrothermal analysis 
becomes more prevalent in the future, 
access to a larger pool of data may be avail
able with which the design guide tables (or 
an app) proposed herein could be further 
developed and refined. Even if a suite of 
tables were only developed for a limited set 
of the most commonly encountered condi
tions and assemblies, the industry would 
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benefit greatly from efficient use of these 
tools and increased understanding of the 
subject. 

CONCLUSIONS & 
RECOMMENDATIONS 

Current measurement techniques and 
analytical tools for the rational assessment 
of moisture in unconditioned environments 
is lacking in the industry. It is hoped 
that manufacturers will transition from the 
MVER and RH tests, intended for assess 
ment of concrete prior to receiving flooring 
in interior environments, to more globally 
applicable concepts that apply to concrete 
in all environments, such as AHN and/or 
vapor pressure demands. 

Design specifications can be simplified 
if the vapor pressure capacity is specified 
as a design parameter. Since the vapor 
pressure capacity is a material property 
that should not be significantly affected by 
environmental conditions (at least within 
a range), designers can assess expected 
coating performance by comparing vapor 
pressure capacity (a constant) with vapor 
pressure demand calculated analytically. 
Consideration could be given to providing 
multiple vapor pressure capacities—one for 
early age during the curing phase when the 
coatings are more sensitive and condition
ing should be managed more carefully, and 
another for a fully cured coating that may 
be more tolerant to higher vapor pressures, 
allowing more accommodation for service 
life variations and extremes. 

Provided below are recommendations 
for practitioners based on the results of 
our analytical work. Recommendations are 
separated into three categories: current 
designs, industry practice, and additional 
study. The first is for current designers 
seeking insight into the expected perfor
mance of a given concrete coating. The 
second category consists of recommenda
tions for modifications to current industry 
practice. The third category is for future 
studies and research to improve the state 
of knowledge of moisture in concrete and 
associated coating performance. 

Current Designs 
1.		 Continue to follow current practices 

for coating installations (mat tests, 
mock-ups, etc.). 

2.		 If appropriate, use current indus 
try standard methods for assessing 
concrete moisture in conditioned 

environments. 
3.		 Where more advanced analyses 

are needed, assemble appropri 
ate parameters to include concrete 
thickness, concrete moisture levels, 
coating permeance, and expected 
environments on each side of the 
coating while in service. 

4. Use analyses that may include com
puter modeling of assembly and 
environmental conditions, or design 
guide tables or tools if available. 

5.		 If analyses show net vapor pres 
sure demand over service life is less 
than that allowed by or derived from 
manufacturers’ literature, the coat
ing should perform acceptably. If 
not, revise design. 

Industry Practice 
1.		 In the context of moisture-sensitive 

coatings, switch from RH as a mea
sure of concrete moisture to AHN, 
total moisture content, and/or other 
absolute measure of concrete mois 
ture. 

2. Publish allowable vapor pressures 
for coatings to facilitate analyses of 
expected performance. 

3. Develop design guides similar to 
Tables 2 and 3 for use in common 
applications. 

Additional Study 
1. Perform more analytical studies to 

further explore the various param
eters and their effect on net vapor 
pressure, including the effects of 
concrete hydration. 

2.		 Conduct laboratory testing of physi
cal models to evaluate the design 
approach and proposed acceptance 
criteria. 

3. Assemble empirical data, including 
conditions leading to coating fail
ures, so better insight into expected 
performance can be established. 
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