INSTGHT:

MOISTURE MANAGEMENT

Adapted with permission from Liberty Bmild,mgt
Forensics Group, this article originally appeared in
NCARB's Monograph Series.

YESTERDAY'S SEAL OF APPROVAL for new
products was “It was developed by NASA.”
Today the seal of approval is: it's “"organically
produced.” LEED certified, “carth friendly.”
or some varialion ol the above. Just ag "NASA
developed ™ was no guarantee of suceess, neither
16 LEED certilied any assurance ol no problems,
especially thoge problems velated to moisture
accumulation.

Although some indicators of a huilding’s
performance (such as occupant comfort, energy
usage, and adors) can be ignored, you can’t
casily ignore water pouring through a wall
assembly. We don't believe that anyone would
deem astructure “sustainable” if it cannot sur-
vive the [irst [ive years without a major renova-
tion beecause of moisture problems.

It's our belief that the moisture integrity ol
ahuildingis one of the best report cards on the
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performance of its design and construction
process and the correct uge of materials.

After reviewing the designs of hundreds
ol new buildings over the past 20 years and
observing the failures in an equal number of
structures, the authors have lound the following
consistent truths:

Building Commissioning—The current

industry approach to building commissioning
{eventhe LEED Enhanced Commissioningver-
sionEA Credit3) is unlikely to prevent moisture
and similar building failures in almost any cli-
male, except lor the most forgiving climate.
+ New Materials—The use of many new huild-
ing products often have the unintended con-
sequence of performing in unexpected ways,
sometimes encouraging sig’-niﬁcanl moisture
accumulation and mold growth. Since wall and
roof assemblics have historicallybeen highrisk
areas, il should be no surprise that the increased
use of new products in these arcas can dramati-
cally increase the overall potential of moisture
problemswithin the envelope.

» Increased Building Ventilation—The posi-
tive benefits of increased outside air ventila-
tion for the occupant’s health and comfort can
oftentimes be outweighed by the increased
potential for moisture problems, some of which
have caused catastrophie failures. Forensic
engineers have strong evidence that buildings
canperform inuncexpected and damaging ways
when additional air is moved through them.

Through our evaluation of various LEED
credit opportunities, we hope to establish the
fact that a sustainable building must be equally
designed to prevent likely moisture and mold
problems. We believe that a building attaining
LEED certification does not necessarily have a
low potential for failure due to moisture intru-
sion. However, it is our belief that it is possible
to combine LEED certification with the best
practices for moisture and mold problem avoid-
ance — butitwill require extra effort from hoth
archilects and mechanical engineers.

An important aspect to avoiding moisture
problems in green buildings is the inclusion
of the best practices [rom the walerproofing/
HVACdisciplines in combinationwith the LEED
certilication principles. It is unwise to assume
that LEED certification has automatically incor-
porated those best practices. Green building
practices must always be subservient (o best
design practicesin areas such as exteriorwater-
prooling, humidity contrel, and due diligence in
seleeting new construction materials.

To facilitate the dual vision of an cnvi-
ronmentally sensitive building with a highly
durable, well performing, moisture resistant
building, we have compressed a signilicant
amount of data into the following discussion
including a detailed analysis of specilic LEED
credits that we view as examples of high risk.
These creditsalign with the consistent truths we
listed above coneerning building commission-
ing, new materials, and ventilation issues.

These concerns are not climalically or
regionally specific, but are universal forall but
the most forgiving climaltes. orgiving elimates
would include those areas withverylow rainfall,
year-round moderate temperatures, and mini-
mal humiditylevels. Evenin those climates spe-
cificbuilding types could be expeeted to exhibit
problems if best practices are not followed.

Building Commissioning

Energy & Atmosphere Prerequisite 1 and Credit 3
Building commissioning (even the enhanced
version of commissioningin LEED EA Credit 3)
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is not likely to prevent catastrophic moisture
and mold problems. Traditional commissioning
fails to accomplish two primary requirements
in avoiding moisture problems:

1. The design review is not likely to be a “stan-
dard of care” technical peerveview, butis oftena
reviewintended to determine if the constructed
building, once built, can be commissioned and
if the design meets the owner's intent. In our
experience, the typical design review will not
predict the potential for moisture and mold
problems. Without this prediction it cannot
offer specific solutions to avoid them.

2. These reviews are not required to incor-
porate an analysis of the building envelope’s
performance—the acknowledged component
that fails the most frequently and usually the
most dramatically.

What the building science industry has
known for some time is that moisture and mold
problems are oftenvery predictable, eveninthe
carly design stage. However, for this analysis
to be successful, the review team must be very
savvyahoutwhat combination of design choices
create ahigh risk of causing problems and what
other choices are lower risks.

Concepts that should be included in build-
ing commissioning to reduce the possibility of
moisture and mold problems include:

* During the design phase, a technical peer
review of the document should identify issues
thatwilllikely be a major cause of moisture and
mold problems in the operating building. This
review mayneedto be accomplished by someone
other than the traditional commissioning agent
since they may not have the requisite skill sei to
conduct this type of analysis. It's our opinion
that this review needs to specifically identify
which building components and systems have a
high potential for moisture problems and offer
alternative solutions to the design team.

+ Thecommissioning process needs to consider
the interrelationship of the building envelope
and the ITVAC system. This area is often over-
looked becauseitinvelves the dynamicinterac-
tion between two separate technology areas.

+ The building envelope needs to be commis-
sioned in a manner that would aveid rainwater
leaks, excessive air leakage, and condensation
problems. In cases where the envelope is com-
missioned, both individual envelope compo-
nents (like windows) should he tested as well
as assemblies of multiple adjacent compo-
nents. Testing individual components does not
address the connection pointsand intersections
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hetween various envelope components where
most of the failures occur. Assembly testing
caninclude a mix of qualitative and quantitative
testing, such as ASTM tests.

+ Construetion phase commissioning ol
envelope components may require adjustment
of installation methods based on test resulis.
Checklists should be developed that allow for
certification that such adjustments are imple-
mented.

New Materials

Multiple Materials & Resources Crediis

New green materials can often meet require-
ments in several LEED eredits. Many new
materials and concepts can also fall under the
Innovation & Design Process credit require-
ments for developing new solutions, employ-
ing new technologies, or realizing exemplary
})C]‘fUI'l]l?iT1[fC.

We believe that it is reasonahle to assume
that if we are relatively unfamiliar with a new
material’s individual performance then we
probahly know even less about the material’s
interaction with other adjacent components,
Our ignorance about the performance of
new materials should not be disregarded
because the manufacturer of these materials
assures us that the product is appropriate for

The recognition of additional risk in the
use of innovative products (especially
in the envelope and HVYAC systems) by
the development team should demand a
higher degree of rigor in the evaluation of

these products.

LEED-certified buildings. The recognition
of additional risk in the use of innovative
products (especially in the envelope and
HVAC systems) by the development team
should demand a higher degree of rigor in
the evaluation of these products.

As previously mentioned, the interaction
between the HVAC system and the envelope
createsanunusually high-risk area. The impact
of this condition is that any deficiency in either
system can cause dramatic building-wide mois-
ture problems.

It may be only a slight overstatement Lo
slate that there is no wall system that a creative
architect can envision thata poor HVAC system
cannot destroy. Conversely, a very well-per-
forming HVAC system can often compensate for
amarginally designed (or constructed) build-
ing envelope Lo the point where many moisture
problems may never be noticed. However, there
is a point where even an exceptionally well-
perlorming HVAC sysiem cannot compensate
for a poorly designed wall system, cspecially a
wallthatallowsrainwaterintrusion oris exces-
sively leaky to air movement,

Althoughnewwall system products are often
intended to provide better thermal insulation,
reduce air movement through walls, or allow
enhanced drying ol the wall assembly (viavapor
diffusion), they can also perform in unantici-
pated ways. These new products can dramati-
cally change the way moisture flows through
wall and roof systems and the potential for
condensation within these cavities. Their usc
mandates that the designer implement several
additional steps to avoid problems:

1. Better understand the performance char-
acteristics of these new products. This may
require a more rigorous evaluation of these
materials. As with any preduct — but more so
with new products — the performance answers
may not be found in the product data sheels,
but may require experiments and mockups.
This type of evaluation may be heyond the scope
and cxpertise of the design team—but it should
nevertheless be implemented.

2. Analyze the vapor retarder, air barrier. and
bulkwaterretention properties to betterunder-
stand where the material should be placed. if al
all, within the wall system.

3. Model the wall systems for performance
during the carly design stages to predict the
potential for water vapor iransmission through
the wall assemblics and potential for condensa-
tion to eccur. Minimally, this modeling should
predict the dew point location and the vapor
transmission profile during the most extreme
season for the location.

4. Perform a three-dimensional analysis of
rainwater barrier geometry. especially at com-
plexjoints and changes in planc,

Increased Building Ventilation

Environmental Quality Credit 2

For decades there have been competing argu-
meniswithinthemechanical design community

on whether to increase or decrease the amount
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of outside airthat isintroduced into commercial
andinstitutional buildings. Althoughthere are
sound arguments on both sides of the debate,
today’s emphasis oninereased building ventila-
tiontoachieve LEED credits has given an added
incentive to increase the amount of outside air
to buildings. The experience of many forensic
building experts (especiallyin the castern hall
of the country) do not necessarily support the
theory thal adding more outside air creates a
better performing, more sustainable building—
sometimes quile the opposite.

What is known about ventilation air is that
in regions with ambienl high-dew-point con
ditiong and elevated relative humidity levels,
thereisadirect correlation hetween the number
ol moisture problems and increased rales of
mechanical building ventilation. This can
oceur lorobvious reasons, such asthe additional
moisture load thatis introduced into the build-
ing along with the outside air. However, more
abscure reasons can also increase the risk of
addingoutsideairtoabuilding. Unbalanced (or
partially depressurized) buildings can be the
result of moving large amounts of airaround a
building. When this condition occurs, moisture
problems become more prevalent. These unbal-
anced condilions happen when air is trying
1o flow from the supply side of the air handler
cquipment to the return side but is restricted
by structural orarchitectural barriers.

Florida Sclar Energy Center (FSEC) of
Cocoa, Florida called this conditionthe “Smart
Air Syndrome” concept -thatairis supposed to
hesmartenough to getfrom one place to another
in gpite of barriers, Additional ventilation air
should always be designed in conjunction with
considering the impact of the distribution of
the ventilation air. This requires identifying
parisotthe buildingthat could become depres-
surized with respect to outside conditions, thus
polentially drawing humid outside air into the
envelope cavity or oceupied spaces.

ISEG’s regearch has demonstrated the
relationship between building complexity
(architeclural and structural complexit_y), the
intensity of the HVAC drivers (air volumes and
pressures), and the risk of huilding failures. The
solution is not to build simpler, less ventilated
buildings bul to insure that the ventilation air
is effectively delivered to the space. This means
that ventilation must be distributed so that it
not only reaches the desired breathing zone
but does so in amanner that does not adverscly
alfecl the building.
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The HVAC system thatintroduces ventilation
air must also do so in a manner that properly
dehumidifies the air. The “golden rule” of
moisture control isthatunder no circumstances
should adequate dehumidification be sacrificed
for increased ventilation. In many regions ol
the countlry during summertime conditiong the
moisture load contributed by the cutside aircan
exceed the amount of moisture that the aircon-
ditioning system can effectively remove,

The solution is to address these risk lactors
inseveral ways:

+ Ingure the correct distribution of air flows
within buildings (to avoid pressure imbal-
ances). This can usually be accurately predicted
during design.

+ Increasethe verification of HVAC system per-
formance hy adding additional elements to the
buildingstartup and commissioning programs.
This post-construction verification includes
detailed pressure mapping of the building
to confirm proper air distribution and using
temperature and relative humidity (RH) data-

year’s operation. This pressure mapping and
data logging needs to also include the building
cavities—areas that are often ignored. Many of
these elements are frequently absentintoday’s
standard HVAC system startup and building
commissioning programs.

What expericnce demonstrates Is thai
increased amounts of outside air can be safely
added to a building if the known causes of
increaszed risk (such as properair distribution)
are addressed during design and verified after
construction.

Indoor Air Quality Management Plan
Environmental Quality Credits 3.1 and 3.2

During consiruclion there can be increased
pollutant load in a building because of various
factors: heavy particulate load and the off gas-
sing offormaldehyde and volatile organic com-
pounds (VOCs) from newly installed products.
There are various methods of controlling this
additional pellutantload, such as additional air
filtration, the use of temporaryair handlers for
heating and cooling, and flushing out the build-
ing with additional amounts of outside air.

As proposed by LEED Credit 3.2, building
[ush oul can cceur either late in the construe-
tion phase or after the building is occupied.
While the use ol outgide air to flush out the
building may reduce the concentration of otf
gassingitcanalso inadvei‘tenlly cause moisture

problems. Although the moisture problems may
be short term (decreasing after the flush out is

finished), the resultant mold problems counld

belong lasting,

The EQ Credils related to the Construction
TIAQ Management Plan allow for two separate
approaches to building [lush oul, one during
construction and an alternative plan after ocen-
pancy. Both approaches involve a substantial
amount of outside air volume—i4,000 cubicleet
(cfm) per square foot (sf) of floorarca. Whether
this tlush out occurs rapidly overaseveral week
period (during the late stages of construction)
ormore slowly over several months (during post
construclion), moisture problems are likely to
result in many parts of the country during the
summertime.

Increased building ventilation over the
design amounls can create a range of problems
suchasinadequate sizing of theairfilters and an
inability of the air conditioning equipment to
handle the increased moisture (or latent) load.
While the LEED credil mandates a 6o percent
RIImaximumlevel duringthisflush out period
this requirement may not be leasible with the
building’s equipment. Since final building
finishes should be in place prior to flush out
(otherwise there are no materials to off gas), it
makes the entire building susceptible to mold
growth problems. If building flush out oceurs
alter occupancy then even the furnishings are
susceptible to moisture problems.

Inalypical 100,000-sfbuildingthe amount
of outdoor air required to meet the [lush oul
portion of this eredit is 1.4 billion cubic feet.
This amount of air volume in the eastern por-
tion of the U.S. during thé humid summer
months can be equivaJcnt to over 200,000
gallons of additional moisture introduced into
the huilding. This moisture is in addition to
the normal moisture load [rom construction
activities, cleaning liquids, or construction-
related moisture from curing concrete, paint
drying, etc.

One of the ad ditional risks with conducting
building [lush oul (especially in an occupied
building) isthatitisusnally done inthe evening
when the heal load (sensible) is the lowest and
the moisture load (latent) is the highest. This
can result in even greater relative humidity
levels in the building because the unfavorable
ratio of sensible 1o latent load can cause over-
cooling (resulting in flash condensation). The
additional likelihood that the HVAC system
might still be unbalanced at the time of the
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flush out increases the potential for moisture
problems as the result of this process.

Indoor Pollutant Source Gontrol

Environmental Quality Credit 5

Depending onihe climate where the buildingis
located, it may be important to utilize different
typesofventilation approaches lo controlindoor
air quality degradation and indoor chemical
and pollutant source control. In climates with
outdoorairconditionsthat carrylarge summer
moisture loads Gwhich includes much of the
eastern portion of the country), ventilation
approaches should include a combination of
exhaustand make-up airtoachieve Lhe pressure
differentials required by the credit.

Conclusions

The green design movementis transformingthe
design and construction marketplace like no
otherinnovation inthelifetime of most design-
ers. Green design has brought to the foretront
of the design and construction community a
holisticview of how Lo design, build, and operale
higher performingbuildings. Assuch, the noble

goals espoused hy sustainable development and
green buildings are certainlyworth aggressively
pursuing —but it must be done with significant
care, especially in the arcas of high risk for
moisture and mold problems. It scemsthat some
ofthe “best practices” and “lessons learned” in
other fields are notapplied in a precise manner
when it involves green construction, at least as
that applies to moisture control.

To summarize our recommendations, we
believe that the following should oceur in an
etfortto enhance green designs:

+ Atechnical peer review of the design should
be implemented that attempts to predict the
building performance with the new materials
and products. Ataminimum, thisreviewwould
focus on the HVAC and building envelope sys-
tems that are most exposed (o moisture-related
failures. This should provide a more climato-
logically and regionally accurate green design.
+ The design team must be conlident that they
have incorporated institutional knowledge in
the fields of humidity control, waterproofing,
and building envelope performance. Processcs
ihat have already lost favor in the indoor exnvi-

ronment field, such as “building flush out.,”
should not now beincorporated into green con-
struction as “best praclices.” These processes
have historically shown little benelit and have
demonstrated high cost, high risk, or hoth.

+ The acceptance of new products with specilic
“sreen” benelits should be scrutinized. Gaining
performance in one area often means sacrific-
ing performance in another. If the sacrilice is
acritical parameter (such as Lthe water absorp-
tion qualilies of wall insulation), then the risk
may be too great, no matter what the henefitis.
Tt may be unrealistic for a design leam to make
all of these required assessments, but without it
building failure seems more probable.

The authors are among the forensic engineers and architects
with Liberty Building Forensics Group, a Zellwood, Fla. firm
specializing in moisture intrusion, mold problems, litigation
support/buildings ferensics, problem-avoidance peer re-
views, and implementation of green buildings. J. David Odom
(d.odom@libertybuilding.com), Richard Scott, AlA (rscott@
libertybuilding.com), and George H. DuBose (g.dubose@
libertybuilding.com) can be contacted at 407-703-1300 for
more information.






