
 

 

 

 
 
 
 

      

 

 

This case study uses photographs and data from an actual building envelope investigation to promote techniques and protocols for using 
humidity/temperature dataloggers to acquire new, vital information for the forensic team. (While the word “forensic” may have different 
meanings across North America, Richard Avelar & Associates [RA&A] defines it as: the puzzle-solving application of a broad spectrum of 
technical knowledge and expertise to answer questions of interest.) 

INTRODUCTION 
Consider an apartment complex con-

structed circa 2002 in a city near San 
Francisco, CA, containing about 30 two-
story wood-framed buildings clad with tra-
ditional three-coat exterior plaster cement 
(stucco; see Photo 1). Typical for many 
large-scale residential projects in California, 
the pump-applied stucco cladding system 
was applied to oriented strandboard (OSB) 
sheathing only at structural shear walls 
(Photo 2) and simply over steel line wire at 

Photo 1 – Typical construction at stucco-clad 
apartment complex. 

the nonsheathed walls (Photo 3). 
As documented in Photos 2 through 7, 

moisture damage, wood decay, and organ-
ic growth were found behind the cladding 
and sheathing at certain ground-floor walls 
throughout the complex, particularly at 
bedrooms. (The general absence of similar 
damage at the 
same second-
floor bedroom 
walls was, of 
course, of great 

Photo 2 – OSB sheathing supports 
the stucco cladding assembly. 

interest to the investigators.) The results 
of RA&A’s extensive investigation, evalua-
tion, and testing processes did not credibly 
explain the localized extent and severity of 
the observed condensation damage at these 
walls. 
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SUPPLEMENTAL INVESTIGATION 
WITH TEMPERATURE/HUMIDITY 
DATALOGGERS 

We therefore supplemented our investi-
gation by positioning, within 23 of the occu-
pied ground-floor apartments (distributed 
throughout the complex), about 100 data-
loggers1 that measure temperature and rel-
ative humidity. In general, no prior destruc-
tive testing had occurred at any of the 

Photo 3 – Line wire provides support 
for the stucco cladding assembly. 

Photo 4 – Moisture damage, wood decay, and 
organic growth at backside of the OSB sheathing. 

selected apartments. these bedroom closets. These walls faced all 
Typically, we posi- quadrants of the compass. 

tioned four loggers per As demonstrated in Photo 7, the tem-
apartment to record perature and relative humidity (RH) sen-
ambient conditions sors for the loggers are located at the ends 

at: a) hallway ceilings, immediately adjacent of 6-ft. cables. This feature allowed us to 
to kitchens and bathrooms; b) bedroom record conditions within the plenums and 
closets; c) plenums above the gypsum board exterior walls simply by inserting the sen-
ceilings at the bed-
room closets (i.e., 
below the subfloor 
of the second-floor 
units); and d) exte-
rior wall cavities 
directly adjacent to 

Photo 5 – Moisture damage, wood decay, and 
organic growth at backside of the OSB sheathing. 

Photo 6 – Moisture damage, wood decay, and 

organic growth at backside of the OSB sheathing.
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Photo 7 – Sensors at the ends of 60-in. cables were inserted into closet walls and ceiling plenums.
	

sors through small holes drilled through the 
gypsum wallboard. 

The dataloggers were programmed to 
take simultaneous measurements every ten 
minutes (i.e., 144 readings per sensor per 
day). The accumulated data readily could 
be downloaded at any time with the optic 
scanners provided with these loggers, which 
will continue recording information until 
they are turned off (or when their batteries 

die after a year or two). 
The broad goal of deploying these log-

gers was to search the collected data for 
patterns that might explain why some of 
these ground-floor wall cavities were so 
much wetter than others. Beyond consid-
ering the typical construction defects often 
found at such large-scale residential proj-
ects, we believed that possible additional 
factors for these conditions might include 

relative exposure to the elements 
(rain, wind, sun, shade, and per-
haps even night-sky cooling2); the 
presence or absence of wall pene-
trations (e.g., piping, conduit, and 
ducting); variable amounts of inte-
rior lifestyle moisture (perhaps due 
to differing occupant loads); varying 
moisture content of the on-grade 
concrete slabs; and multiple other 
localized construction, architectur-
al, and mechanical system features. 

The purpose of this article is not 
to summarize RA&A’s findings for 
this ongoing litigation. Instead, we 
simply will demonstrate the firm’s 
process for evaluating the volumi-
nous data produced by the loggers. 
In addition, this article documents 
and describes the daily solar-driven 
waves of water vapor that can occur 
within exterior wall cavities. 

THE HUMIDITY RATIO 
Once information was collected from 

these loggers, the provided software enabled 
us to convert the combined temperature 
and RH readings into the humidity ratio, 
which represents the actual ambient mois-
ture content—measured by the total grains3 

of water vapor per pound of dry air (GPP)— 
within each of the tested spaces at a partic-
ular point in time.4 

Chart 1 – Simplified sea-level psychrometric chart (humidity ratio is derived from a nonlinear relationship between RH and temperature). 

1 0 • I n t e r f a c e J u l y 2 0 1 4 



 
 

 

 

 

       

        

Chart 1 is a very simplified “psychro-
metric chart” demonstrating that the 
humidity ratio is derived from a nonlinear 
relationship between temperature and RH. 
(Psychrometrics is the science of air/water 
interaction.) For example, if we know that 
the temperature is 80°F (at the vertical red 
line) and the RH is 20% (at the curved blue 
line), then the point where these two lines 
cross (at the horizontal green line) informs 
us that the approximate moisture content 
of the air is 30 GPP. Using the dataloggers, 
comparative analyses of such continually 
changing moisture loads can be highly 
informative.5 

For example, Graphs 1 and 2 show 
68 days of ambient moisture load data 
recorded 144 times per day (i.e., every 
ten minutes) during the winter months of 
2013/2014 within two of the ground-floor 
apartments at this complex. We can see 
that the occupants of Apartment A live a 
relatively dry lifestyle (long-term average = 
54 GPP), while the tenants in Apartment B 
generate 33% more ambient moisture (72 
GPP) on average. 

It has been our experience with 
mass-produced residential units in the San 
Francisco Bay area that occupants who 
generate a long-term average moisture load 
greater than 60 GPP are increasingly prone 
to exhibiting mold and moisture problems 
at cold gypsum wallboard (i.e., at exterior 
walls and corners during winter months 
(see Photo 8). Further, these risks appear 
to increase exponentially with tenants who 
live “wet” (average GPP > 63) or “very wet” 
(average GPP > 67) lifestyles. 

We generally believe it unreasonable to 
criticize residents who choose to live wet 

Graph 1 – Apartment A tenants have a “dry” lifestyle (average GPP = 54) – 144 readings 
per day. 

Graph 2 – Tenants at Apartment B live a “wet” lifestyle (average GPP = 72) – 144 readings 
per day. 

Missing Something?
 
Have you read tems lately?
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Photo 8 – Mold growth at poorly insulated exterior walls (at corner of building). 

lifestyles.6 It is very important to note that 
all such wet versus dry assessments are 
highly relative and qualitative; in virtually 
all cases, the key factor for potential interior 
mold proliferation caused by condensation 
of ambient moisture was how poorly the 
exterior walls were insulated.7 

The moisture spikes seen in Graphs 
1 and 2 typically represent cooking and 
bathing activities. Similarly, it has been 
our experience that extended periods of 
low moisture load commonly correspond to 
occupant absences. For example, in Graph 

1, we see that the tenants at Apartment A 
were not at home during a multiday period 
(the Christmas holiday) beginning at read-
ing #7489 (Day 53). 

At Graph 3, we see that the moisture 
loads within the exterior walls at these vari-
ous apartments also differ greatly. With the 
wall cavity at Apartment C (average GPP = 
63), there is 75% more ambient water vapor 
than with the Apartment D wall (average 
GPP = 36). The forensic team obviously then 
focused extra attention in comparing the 
differences between these walls. 

Graph 3 – Why is the exterior wall cavity at Apartment C 75% wetter (on average) than 
Apartment D? 
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Further, close consideration of Graph 3 
leads to two other highly interesting ques-
tions: 

1.		 What explains the daily cycle of 
increasing and decreasing moisture 
loads within these exterior walls? 

2.		 What explains the dramatic reduc-
tion in the ambient moisture load 
occurring at reading #4753 (Day 33)? 

SOLAR HEATING AND SOLAR-DRIVEN 
DIFFUSION AT EXTERIOR WALLS 

At every cladding system that is “hygro-
scopic” (i.e., has an ability to absorb and 
desorb water), some of these water mole-
cules will be driven inward into the wall 
assembly when this cladding material is 
heated by the sun. 

Sun-driven moisture is a phenome-
non that occurs when walls are wet-
ted and then heated by solar radi-
ation. Upon solar heating, a large 
vapor pressure difference may occur 
between the exterior and interior 
leading to the inward diffusion of 
moisture.8 

While some degree of solar-driven diffu-
sion will occur at all hygroscopic cladding 
materials, its effects are most noticeable at 
reservoir systems (e.g., stucco and concrete) 
that can safely hold larger amounts of free 
water.9 

Similarly, solar heating of exterior walls 
also will free some of the water molecules 
adhered to the surface of (or contained 
within) the hygroscopic wood framing and 
sheathing materials within the wall cavity: 
“It is clear that any wet material…that is 
heated by the sun will generate large inward 
vapor drives.”10 

Then, at night, when these wall assem-
blies cool, this excess moisture will be 
adsorbed11 and absorbed12 into the solar-
dried cladding, framing, and sheathing as 
the water vapor condenses. Further, during 
cold weather, even in the mild climate 
zones near San Francisco, this nighttime 
adsorption/absorption process also will be 
affected by an outward vapor drive from the 
heated interior: “The common assumption 
is that drying occurs predominately to the 
outside in cool and cold climates. ...This 
assumption becomes less true as the cli-
mate becomes warmer and as the enclosure 
is exposed to more solar heating.”13 

In short, the daily moisture cycles seen 
in Graph 3 simply document the effects of 
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Graph 4 – Exterior temperature (F°) at the residential complex and ambient moisture load 
(GPP) within the exterior wall at Apartment E; 144 readings per day. 

solar heating and nighttime cooling on the 
ambient moisture loads within the exterior 
wall cavities. Proof of this concept is provid-
ed in Graph 4, which charts: 

a)		 Red dashed line: daily moisture load 
(GPP) within the stucco-clad exterior 
wall cavity at Apartment E, mea-
sured 144 times per day 

b)		 Black solid line: exterior tempera-
ture (°F), also measured 144 times 
per day (by a logger from a different 
manufacturer, positioned in a dis-
tant portion of the complex) 

The remarkably close correspondence 
between these two lines (which represent 

very different values) is strong evidence that 
the daily spikes of ambient moisture within 
this exterior wall are a function of solar 
heating of the exterior wall—which creates 
an inward vapor drive during the heat of the 
day that is countered at night by condensa-
tion (due to cooling) of excess moisture and 
by an outward vapor drive from the warmer 
apartment toward the colder exterior. 

The long-term average ambient moisture 
load (red dashed line) within the exterior 
wall cavity at Apartment E is 47 GPP. Now 
consider the solid blue line at Graph 5, 
which records the humidity ratio within a 
bedroom closet at Apartment E. Due to the 
tenants’ unusually wet lifestyle, the average 

Graph 5 – Ambient moisture load (GPP) within bedroom (blue solid line) and exterior wall 
(red dashed line) at Apartment E; 144 readings per day. 
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ambient moisture load within the bedroom 
is 72 GPP. (Note: the hallway logger next to 
the kitchen and bathroom recorded a long-
term average of 73 GPP.) 

From a forensic perspective, an interest-
ing feature of Graph 5 is that the shape of 
the daily rise and fall (consistent with the 
effects of solar heating) of the ambient mois-
ture load within the bedroom at Apartment 
E roughly corresponds to the shape of the 
solar-driven moisture load within the exte-
rior wall (Graph 4), seemingly indicating a 
direct interaction (via vapor diffusion and/ 
or unintended air convection) between the 
two bodies of water vapor separated by a 
layer of gypsum drywall. 

One reason that the rough correspon-
dence between the two moisture loads 
(within the bedroom closet and within the 
exterior wall cavity) strongly interests the 
investigative team is that it has been our 
experience at other stucco-clad projects 
that interior moisture loads have not exhib-
ited the daily rise and fall of solar-driven 
vapor—perhaps due to the reasonably air-
tight barrier formed when the interior wall-
board is installed in compliance with the 
California Energy Code. 

WHAT IS THE EFFECT OF LIFESTYLE 
MOISTURE? 

While it is reasonable to speculate that a 
primary source of the water vapor recorded 
within these various walls could be lifestyle 
moisture from tenant activities, Graph 6 
demonstrates that vacating an apartment 
may not greatly impact the daily waves of 
solar-heated moisture within the exterior 
wall. 

Graph 6 summarizes 17 days of ambient 
moisture load data, recorded 144 times per 
day at Apartment F. As seen, the tenants 
vacated the unit midway through this test-
ing period. There was no rain; every day was 
sunny. The sensor for Logger 1 (blue line) 
was inserted into the exterior wall cavity 
at the master bedroom closet. The sensor 
for Logger 2 (red line) recorded the ambi-
ent moisture load in the hallway (near the 
kitchen and bathroom). 

When the apartment was occupied, the 
average moisture load within the exterior 
wall was only 9% greater than when vacant, 
seemingly demonstrating that while lifestyle 
moisture may have contributed to the daily 
waves of solar-heated ambient moisture 
measured within this exterior wall, it was 
not the driving source. 

Further, after the apartment was vacat-
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ed, the average moisture load within the 
exterior wall was 16% greater than the aver-
age moisture load within the unit, leading 
us back to a key forensic question: What 
are the sources of water vapor within the 
exterior wall cavity? 

STATIC “DEW POINT METHODS” 
ARE USELESS FOR MOST STUCCO 
CONDENSATION INVESTIGATIONS 

Despite the impressive advances in 
hygrothermal analysis made during the past 
two decades (e.g., WUFI14), many consul-
tants still carry out forensic analyses of con-
densation damage with the static “dew point 
methods” detailed many years ago by the 
American Society of Heating, Refrigerating, 
and Air-Conditioning Engineers (ASHRAE). 

Given specific interior and exterior tem-
peratures, these ASHRAE procedures calcu-
late a theoretical dew point within the wall 
assembly by analyzing each component’s 
vapor permeance and thermal resistance 
(R-value). However, it is clear that even the 
relatively simple processes of solar heating 
and solar-driven diffusion into and through 
stucco-clad walls are more than enough 

Graph 6 – Red line is ambient moisture load (GPP) near kitchen, and blue line is ambient 
moisture load (GPP) inside stucco-clad exterior wall cavity at Apartment F — 144 readings 
per day. 

to render these static methods virtually These methods are often misused, 
useless. especially when condensation is 

Consider that leading experts on such present. Some people advocate aban-
dew point analyses write: doning these design tools because of 
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their severe limitations. ...Another 
weakness is that these methods 
exclude all moisture transfer mecha-
nisms other than [static] vapor diffu-
sion and neglect moisture storage in 
the building materials. This severely 
limits the accuracy of the calcula-
tions, especially in the case of wet 
materials.15 

Also: 

Furthermore, since the method only 
considers steady-state transport 
under heavily simplified boundary 
conditions, it cannot reproduce indi-
vidual short-term events or allow for 
rain and solar radiation. It is meant 
to provide a general assessment of 
the hygrothermal suitability of a 
component, not to produce a simu-
lation of realistic heat and moisture 
conditions in a component exposed 
to the weather prevailing at its indi-
vidual location.16 

It is RA&A’s opinion that these static 
methods are outdated and almost always 
useless for most forensic analyses of mois-
ture condensation damage found within the 
existing building envelope. 

PRINCIPLES FOR INVESTIGATION 
AND EVALUATION 

For building envelope investigations, 
determining the humidity ratio (ambient 
moisture load) is closely comparable to 
using a traditional meter to measure the 
moisture content ratio of wood framing 
and sheathing. In either case, a common 
goal for field-level professionals simply is to 
determine which components or areas are 
substantively wetter (or dryer) than others. 

The great value of these data loggers is 
that it can automate the moisture sampling 
process. The deployment of 100 loggers at 
this project enabled RA&A to collect 28,800 
simultaneous readings (temperature and 
RH) every day over a five-month period. By 
the end, more than 2,000,000 humidity 
ratio (i.e., ambient moisture load) measure-
ments were available for evaluation and 
processing with Microsoft’s Excel® program. 
As seen in the graphs for this article, highly 
informative patterns will emerge from wide 
variations in hourly and daily data. 

Our previously published principles for 
this process of investigation and analysis 
include:17 

1) Find the location(s) of unexpectedly 
high quantities of water (including 
ambient moisture): 

Most moisture problems can 
be diagnosed by looking at 
the condition and asking how 
much water it took to cre-
ate that problem. Solving the 
problem amounts to asking 
where that amount of water 
could have come from and 
where it should go.18 

2)		 Consider the common origins of 
unintended water (vapor and liquid) 
accumulation within exterior walls 
and buildings. 
a.		 Liquid water from precipitation 

(rain and melting snow) 
b.		 Liquid water from plumbing 

leaks 
c.		 Water vapor from the exterior 
d.		 Water vapor from activities and 

processes within the building 
e.		 Liquid and vapor from the soil 

adjoining the building 
f.		 Moisture built-in with the mate-

rials of construction 
g.		 Moisture brought in with goods 

and people.19 

3)		 Then, consider the two main mech-
anisms of ambient moisture trans-
port into and through the building 
envelope: diffusion (higher concen-
trations of water vapor move toward 
lower concentrations) and convec-
tion (water molecules are transport-
ed by air movement created by pres-
sure differentials). 

4) Then, consider the potential routes of 
unintended moisture movement into 
and through the building envelope. 

For a moisture-related prob-
lem to occur, it is necessary 
for at least four conditions 
to be satisfied: 1) A moisture 
source must be available, 2) 
there must be a route or 
means for the moisture to 
travel, 3) there must be some 
driving force to cause mois-
ture movement, [and] 4) the 
material(s) involved must be 
susceptible to moisture dam-
age.20 

5)		 Don’t forget the Second Law of 
Thermodynamics, which requires, 
as a fundamental law of the uni-
verse, that when two unequal reser-
voirs of energy (including disparate 

concentrations of water vapor) are 
connected, the greater pool will flow 
into the lesser pool until equilibrium 
is reached. 

This process has been sum-
marized by North America’s 
leading building science 
experts as: Moisture tends 
to move from warm to cold 
(driven by the magnitude of 
the thermal gradient) and 
from more to less (driven by 
the concentration gradient).21 

6)		 Further, as demonstrated above, 
remember that daily waves or spikes 
of water vapor that tend to increase 
on hot sunny days and decrease 
during cool nights (or cloudy days) 
are caused by solar heating of mois-
ture reservoir(s). 

7) Finally, if the general timing, shape, 
and/or amplitude of ambient mois-
ture loads recorded by one logger 
correspond to the cycles of moisture 
load (or temperature) from a sepa-
rate logger within a different space, 
then very likely there is a close, 
direct relationship between the mea-
sured conditions. 

SUMMARY DISCUSSION 
As noted, a key purpose of this article 

is to introduce and discuss unseen effects 
of solar heating of hygroscopic cladding 
materials, including reservoir systems (such 
as stucco and concrete) that can safely hold 
large amounts of free water. 

Exterior wall assemblies with alternate 
claddings will perform differently on an 
hourly and daily basis due to varying mate-
rial properties (e.g., permeability, absorp-
tivity, and drainage/drying potential). From 
a general perspective, these differences do 
not mean that any particular system (e.g., 
stucco) is inherently better or worse than 
any other (e.g., fiber-cement lap siding). The 
varying degrees of solar-heated water vapor 
occurring within our traditional well-proven 
exterior wall systems are natural phenom-
ena that, in and of themselves, are not 
problematic. Instead, the key to successful 
long-term performance of these walls is to 
prevent the accumulation of unintended 
moisture from atypical sources. 

However, if problematic condensation 
is discovered (perhaps years after original 
construction), then a full evaluation of these 
conditions might require consideration of 
the potential effects of solar-diffused vapor 
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being added to an exterior wall’s existing 
moisture load. To this end, modern tem-
perature/RH loggers that can track min-
ute changes to the humidity ratios within 
both the building and its envelope can be 
an invaluable addition to an investigator’s 
toolkit. 

While it is well beyond the scope of 
this article to identify specific design or 
construction deficiencies that may have 
contributed to the localized condensation 
damage seen at this project, we can report 
that our data analyses implicate air flow 
(convection) of warm humid air from the 
heated interiors into and through certain 
segments of the exterior wall system via 
unintended voids in the interior and exterior 
envelopes. 
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