
The most dreaded call a building
owner or manager hears is “The build-
ing is leaking – I have water in my
suite!!!” Next to hot/cold calls, the pres-
ence of uncontrolled water within a
building is one of the most aggravating
issues an owner must deal with. The
presence of water leads to damage of
interior finishes, indoor air quality issues
(mold), and can lead to deterioration of
the building envelope and structure.

The key to controlling water infiltra-
tion issues is understanding how water
penetrates the building and how the
building envelope was designed to resist
those forces.

To start, building envelope systems
consist of two typical design concepts:
drainage system and barrier system.
The drainage system acknowledges
that water will enter the envelope sys-

tem, controls the water by
diverting it to drainage locations,
and typically has multiple lines
of defense against water penetra-
tion. Typical types of drainage
systems include curtainwall sys-
tems, masonry facades, and hybrid
window/cladding systems.

The barrier system focuses on stop-
ping or shedding all water at the pri-
mary point of contact at the exterior.
Most barrier systems do not have a sec-
ondary line of defense nor methods to
drain penetrating water. Typical types of
barrier systems include roofing systems,
EIFS, stucco, tilt-wall panel construc-
tion, and some metal panel systems.

To better understand how water
enters a building, one needs to under-
stand the forces that drive water.
They included:

• Gravity – Water flows through
holes or off sills/flashings.

• Kinetic Energy – Energy is
transferred to the water allowing it
to flow horizontally or uphill.
Wind or a pressure differential
typically provides the energy.

• Pressure Differential – Negative
pressure inside a building can suck
water into the building through
small defects, even if the water
must flow uphill.

• Surface Tension – High surface
tension in water can cause it to
follow a surface, turning 90 degrees
around a corner or flowing uphill
for a short distance.

• Capillary Action – Water has the ability
to “wick” or rise in porous materials
and in thin crevices or cracks.

Facility Facts
Why Do Buildings Leak?
FEA Project Managers Share Their Most
Memorable Hospitality Project Experiences

The winter of 2003 in Washington, D.C. brought with it
an unusually higher snowfall than in previous years.
Following the heavy snow came intense rainfall. As a result,
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Vacuum chamber test attempting to
recreate curtainwall leaks.



Unfortunately, once water enters
your building, it generally needs to be
addressed quickly. How do you begin to
address water infiltration? You start by
attempting to find the leak source.
Sometimes, simple visual inspections
will easily determine the entry point
while other times the entry point is
almost invisible. The ability of water
to travel a relatively long distance away
from the point of entry can add to the
complexity of finding the source.
Obvious entry points typically include
damaged or missing sealants and roof
flashings, torn waterproofing termina-
tions, damaged drains, etc. More diffi-
cult situations include holes beneath a
roof flashing in a building under nega-
tive pressure, or a drainable curtainwall
system that has been sealed, and water
has built up within the mullions to the
next joint in the metal.

Once your suspected sources of water
infiltration are identified, a systematic
approach for confirming or eliminating
the sources should be contemplated. The
systematic approach includes identifying

the potential source, the suspected path
of travel through the building envelope
and interior spaces, and the discharge
point within the building. Unfortunately,
in some instances, determining the path
of travel may require intrusive openings
into the building envelope or interior fin-
ishes. These openings can vary from the
removal of sealants and flashings, to
removal of interior finishes, to the partial
disassembly of curtain wall systems or to
the removal of concrete topping slabs to
expose waterproofing membranes.

Once the suspected leak location has
been identified, and the path established,
the theory should then be tested by apply-
ing water at the suspected source, and
verifying the outcome. This process can
be very simple, from observations during
storms, simple funnels and garden hoses,
up to spray racks and specialized equip-
ment to apply specific quantities of water
at specific pressures (ASTM and AAMA
test procedures). Keep in mind that some
systems (such as punched windows), are
likely to leak under certain conditions,
and that the test you are performing

should be reasonable based upon the
design parameters of the system. For
example, a fire hose at close range is typ-
ically not an appropriate test for most
punched windows, as the windows are
designed to allow some leakage at high
pressures and volumes.

Once the theory has been verified (by
making a known leak active and then
stopping the leak), repairs can be com-
pleted. For some leaks, simple identifica-
tion and repairs by your local
waterproofing or roofing contractor may
be all that are required. Other, more
complicated, issues may require a design
professional to assist the contractor with
the evaluation, design and remediation
of the water infiltration. Corollary issues,
like damaged substrates, deteriorated
insulating materials, such as molds and
mildews, should also be addressed as
part of the repairs. Significant mold
growth can occur with relatively small
leaks, and the mold can become very
extensive in dark, damp places with
organic materials (such as paper back-
ing) to promote growth. Litigation con-
cerning mold growth, and the resultant
reactions to mold spores, is becoming a
very large concern for numerous proper-
ty managers and owners.
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Temporary catch basin with sump pumps
used by Owner staff to control

infiltrating water above a ceiling.



there were several instances of partial
or total roof collapse during melting
periods. FEA worked with several
facility owners and managers during
the winter to assess potential safety
hazards and recommend immediate
action to ensure stability under severe
snow loads. In addition to reactive
recommendations, FEA has devel-
oped a new, proactive, method for
measuring the safety of roofs during
periods of heavy snow loads. This
new method is called Roof Watch.

The melting period after a snow-
fall coupled with rain can create
potentially adverse loading condi-
tions for roofs, especially those with
flat slopes and large spans supported
by steel trusses, typically found in
commercial facilities. Snow accumu-
lation on roofs and the additional
water load is a serious concern for
these large, clear span joists. Roof
Watch provides facility owners with
an early warning system that identi-
fies potentially excessive roof loads.

As illustrated in Figure 1, Roof
Watcher consists of a system of elec-
tronic sensors placed on the interior
surfaces of structural roof members.
These sensors measure small amounts
of increased strain during loading of
the structural member. A computer in
the facility owner’s office receives
incoming signals from the sensors
which indicate if the roof is experienc-
ing excessive loading. If movement

above the set threshold does occur, a
system of visual and audible alarms
will sound allowing facility owners to
quickly mobilize materials and per-
sonnel to avoid a potentially damag-
ing event. To establish threshold levels,
FEA conducts engineering analysis
prior to installing Roof Watch. A
series of base-line measurements is
taken during the study period which
enable FEA and the facility owner to
set allowable levels of movement.

Roof Watch is a wireless program
that does not require miles of cable
to be installed. Strain gage sensors
are equipped with wireless signal
processing units. The sensors are

magnetically affixed to the roof
structure, eliminating the costly
process of welding the sensor gages.
This also allows for replacement of
sensor as needs require. The onsite
computer receives incoming signals
via a wireless modem. The data is
processed and presented in a graphi-
cal manner allowing immediate
understanding as to magnitude and
location of increased loading.

FEA is currently piloting Roof
Watch within its own facility. FEA’s
Fairfax, VA office is housed in a com-
mercial facility with large span steel
roof joints in a typical flat roof align-
ment. Strain sensors are placed on
several selected joints and loads are
superimposed on the joists. A com-
puter then analyzes and presents the
data from the pilot program. Facility
owners interested in Roof Watch can
view the pilot program and become
familiar with the simplicity and use-
fulness of the program.

Roof Watch offers benefits besides
obvious safety issues. For facility own-
ers, Roof Watch enables you to be in a
better position to protect the valuable
assets of both your facility and its con-
tents. The Roof Watch pilot program
will be operational in the spring of
2004. If you are interested in viewing
the pilot, please contact Steve
Pennington at pennington@feapc.com
or 703-591-4855.

FEA professionals have extensive
experience in evaluating, tracing, and
solving water infiltration issues. We have
worked on systems ranging from simple
membrane roofs and masonry walls, to
drainable high-rise curtain wall systems
incorporating multiple materials and sys-
tems. In addition, we have extensive
experience with EIFS systems, and the

problems associated with improperly
sealed systems. Our professionals are
ready to assist you in solving your water
infiltration issues. For further informa-
tion, please contact Les ZumBrunnen at
les.zumbrunnen@feapc.com in Denver,
CO, Jim Justus at jim.justus@feapc.com
in Greenville, SC, or Dan Watkins @
watkins@feapc.com in Fairfax, VA.

FEA Highlights
Chris Coffman, a Technician for the

Geotechnical and Instrumentation Group will
be leaving the Fairfax office mid January.
Chris recently enlisted in the United States
Marine Corps. He has been a great asset to
the Instrumentation group since joining FEA
in April of 2003. Good Luck!
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Roof Watch: New Methods For Protecting Your Roof During Heavy Snow Periods — continued from page 1

Figure 1
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February 2 – 7, 2004 Orlando, FL
International Association of Foundation Drilling (ADSC) and
The American Society of Civil Engineers (ASCE) Geo-Institute

Geo-Support 2004 • ADSC/G-I Joint International Specialty Conference & Equipment Exposition
Look for FEA Group Manager, Philip Lowery, who is speaking on

Design of Drilled Shaft Cutoff Walls for Slope Stability in Marginal Soils!

February 11, 2004 Washington, D.C.
Association for Facilities Engineering (AFE)

DC Chapter Monthly Meeting
Look for FEA Principal, Paul Swanson, who is speaking on Proven Methods for Recommissioning Your Building!

February 28, 2004 Washington, D.C.
Washington Metropolitan Chapter of Community Associations Institute (WMCCAI)

2004 Conference & Expo
Look for FEA Principal, Tom Larson, who is presenting an interactive seminar titled

“Not All Bids are Created Equal”!

March 9 – 11, 2004 Baltimore, MD
National Facilities Management & Technology (NFM&T)

2004 Conference & Expo
Look for FEA Vice President, Jim Whittaker, P.E., and Project Manager, Jim Portugal,

who are speaking on Total Asset Management at the U.S. Treasury!

FEA on the Road


