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PRESIDENT’S MESSAGE

Gary R. Cattel, RRC, PE
President
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t the risk of personal injury, I

have delayed writing this mes-

sage until the conclusion of

the tenth annual Building

Envelope Symposium (BES)

that RCI held in Washington
D.C. these past two days. (The physical
harm comes from my deadline with the ten-
acious Kris Ammerman, the unflappable
editor of Interface.) Under the selfless efforts
of Tom Hutchinson and Bill Waterston, co-
chairs of the BES event, we had two jam-
packed days of high-quality programs worth
a total of 12 CEHs. It was a timely event in
that many of us don’t obtain sufficient con-
tinuing education credits early enough in
the year to fulfill our professional require-
ments. The theme was, “Maintaining the
Building Envelope of Aging Buildings” and
delivered on all counts, thanks to the efforts
of the many presenters. Total attendance
came in at 164, with participants from
across the continent.

Just another successful BES, you might
be thinking. Not so fast. What this actually
represents is RCI’'s commitment to the
waterproofing and building envelope profes-
sions that fulfills its updated thinking and
new charge. More importantly, this sympo-
sium clearly illustrated to me how RCI has
been tremendously beneficial to profession-
al growth in the roof consulting industry all
along and is now moving forward in the
related fields of waterproofing and the
building envelope.

When I first joined RCI, I was naive
enough to think [ knew it all (or at least a
good bit of it) and was primarily concerned
with being left behind if I didn’t obtain the
professional credentials RCI offered. Boy,
was [ wrong! Through the programs, net-
working, and opportunities presented by
being an active member of the Institute, my

westion?

technical knowledge and understanding of
this profession have grown considerably
over these past 18 years.

When my involvement with RCI began,
not only did new ideas, information, clarity,
and confirmation ensue, but more impor-
tant than answering questions, RCI provid-
ed exposure to questions I previously didn’t
even know to ask. The recently concluded
BES program drove home this point all too
clearly. Although closely related to roofing,
the disciplines of waterproofing and build-
ing envelopes are intricate subjects that will
take further commitment to understand in
order to become a competent consultant in
selected areas of these vast fields of endeav-
or. RCI has once again come through with
the programs that help educate our mem-
bers. Although there was a lot to learn by
attending, it was vividly apparent that there
are far more questions yet to be asked.

Bottom line: although there is a myriad
of questions still to be discovered, there
appears to be a universal answer to all of
those questions. That answer: RCI.

Through the continued effort of many
volunteers and our dedicated staff at head-
quarters, we can be confident that our
Institute will continue to educate and meet
the challenges of the complex and demand-
ing professions of the waterproofing and
building envelope disciplines.

See you next November 8 and 9, 2007,
in Boston, where we'll answer some more
questions revolving around the theme of
“Designing, Detailing, and Specifying the
Building Envelope Today and Tomorrow.”

All the best,

Gary
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nown throughout the world
as one of the most enduring
and classic roof systems, tile
has a global popularity and
history that is unlike any
other roofing material.

While some basic elements of tile roofing
have been a part of the world’s architectur-
al legacy for thou-
sands of years, our

By/Robert]L.|Fulimer®
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specific architectural styles, the develop-
ment of the slate roofing industry along the
east coast, and competition from new roof-
ing products that are lighter and less
expensive, all have adversely affected the
popularity of tile at times.

However, the U.S. tile market is again
changing as the use of tile increases with its

versatility. Technological improvements
have combined with tile roofing’s classic
aesthetics to create more versatile products
with some of the longest service lives in the
industry. For example, new underlayments
and cold roof construction technology now
make tile suitable for use in cold climates
with heavy snowfall. Tile’s excellent seismic

more recent past
has seen significant
growth and change
within the industry
(Photo I).

In the United
States, areas of
regional popularity
were established by
colonial settlers
where tile still domi-
nates today. How-
ever, tile has tradi-
tionally been less
common here than
in many other coun-
tries. For example,
tile products com-
prise 86% of the
European residen-
tial roofing market
compared to 6% of
the U.S. market.

In the compara-
tively young Amer-
ican roof tile indus-
try, the popularity of
the material within
the past two hun-
dred years has fluc-
tuated. The chang-
ing popularity of
DecemBER 2006

Photo 1 - Flat clay tile on a dome at the Pantheon, Rome, Italy. Photo by Robert L. Fulmer.
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Photo 2 - Flat clay tile in the Piazza del Popolo, Rome, Italy. Photo courtesy of Robert L. Fulmer.

performance characteristics make it use-
able in earthquake-prone regions. Although
large urban conflagrations are not the
threat they were during the eighteenth and
nineteenth centuries, tile’s lack of com-
bustibility makes it an ideal material in
areas susceptible to wildfires. A tile sys-
tem’s excellent wind resistance combined
with modern attachment methods make it
suitable for use in regions with hurricane
potential.

The increased versatility of the product
and technological progress have created
greater market growth potential than ever
before in the U.S. tile market. The result of
this growth is the creation of new materials,
testing procedures, codes, and standards.
For consultants and other industry profes-
sionals, now more than ever it has become
essential to obtain the specialized education
and training to keep current with the
changes in tile roofing. But to understand
where we are now in the industry, it is nec-
essary to know the basic history and evolu-
tion of tile roofing.

6 © INTERFACE

A BRIEF HISTORY OF TILE ROOFING

The origin of clay roofing tile is linked to
the development of pottery within two of the
world’s greatest early civilizations. The first
was in China during the Neolithic Age (the
last phase of the Stone Age) at about 10,000
BC, and the second was in the Middle East
by 6,000 BC. During these periods, humans
began to move from life in small groups to
large tribal clan communities. For the
buildings within these larger, more densely-
populated communities, tile roofing played
a vital dual role that remains valid today.
First, it was an effective means to shed
water from buildings, and secondly, it
reduced the spread of fire.

From China and the Middle East, the
use of clay tile spread throughout Asia and
Europe. Although tile roofs were used by
the Assyrians, Egyptians, and Babylonians,
it was the Greek and Roman civilizations
that elevated roofing tiles (known as Tegula)
from crude, hand-made objects in clay to an
art form (Photo 2).

We tend to think of some attributes of
tile roofing, such as the ability to re-lay or
re-use the material from one roof to anoth-

er or the manufacture of tile in materials
other than clay as relatively modern devel-
opments. In reality, the Greek Byzes of
Naxos first introduced tile made of Pentelic
marble in 620 BC for use on the great tem-
ples such as the temple of Jupiter at
Olympia and the Parthenon at Athens. Even
more spectacular tile was created from solid
bronze and gilt for the construction of the
Pantheon in Rome. These tiles survived
until the seventeenth century before being
melted down by Pope Urban VIII to make
cannons. This was not the first, but cer-
tainly one of the most poorly engineered
reuses of tile, as the quality of the precious
metals content turned out to be too high
(soft) for cannons.

The first documented (and semi-legiti-
mate) re-use of tile occurred in 231 when
the Roman censor Fulvius Flaccus removed
some marble roof tile from the Greek temple
of the Lacinian Juno for use on another
temple he was building in Rome. Hence, not
all of our “modern” techniques are new. The
Romans used tile roofing throughout their
empire. In Europe, the popularity of clay tile
grew due to an abundance of clay deposits
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providing the raw materials and again offer-
ing a level of protection against the spread
of fire.

Later, as European settlers came to
America, they brought their roofing trades
with them. Clay tiles have been found in the
ruins of the 1585 settlement of Sir Walter
Raleigh on Roanoke Island, North Carolina.
This was England’s first settlement in the
“New World.” The Spanish used tile in their
early settlements at St. Augustine, Fla., and
New Orleans, La.

At first, Dutch settlers on the east coast
imported clay tiles from Holland. By 1650,
however, they had established a production
facility in the upper Hudson River valley,
shipping tile down the Hudson to “New
Amsterdam.” By the beginning of the
Revolutionary War, there were several tile
manufacturers in the New York City area

offering colored, glazed, and terra-cotta tile.
On the west coast, tile was being produced
by 1780 at Mission San Antonio de Padua
in California by Spanish missionaries.

In Colonial America, tile was popular for
the same reasons that were relevant during
the Neolithic period. The materials were
readily available and they were fire-proof.
The latter helped address a near hysteria
about fire in colonial American cities. After
devastating fires in London in 1666 and
Boston in 1679, the first building and fire
codes were established in New York and
Boston. These codes encouraged the use of
tile roofs and remained in effect for almost
two hundred years. By the 1830s, however,
clay tile was temporarily out of fashion.
Competition with slate along the east coast
and new metal products that looked like tile
became significant (Photo 3).

But the mid 19th century brought the
popular new architectural style of
“Italianate Villa,” and with it, new populari-
ty for clay tile. New production facilities
sprang up. Gladding, McBean and Co. in
California in 1875, the Celadon Roofing Tile
Co. in Alfred, New York in 1888, and Heinz
Co. in 1911 were a few of the larger, endur-
ing producers.

The Industrial Age brought a flurry of
new patents and industry changes. In 1870,
the first tile-making machines were patent-
ed, along with the first of the interlocking
tiles by J.G. Hughes in 1871. Refinements
were being made in production of metal
“tile.”

But by far the most significant develop-
ment in the tile industry since the Greeks
and Romans occurred in 1848, when a
German farmer named Adolph Kroher
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Photo 3 - Process of replacing original Ludowici Celadon clay Spanish tile (initially installed at the turn of the 20th century) with new tile
by the same manufacturer on an historic hotel in upstate New York (the original tile came from Celadon’s plant in Alfred, NY). Photo by

Robert L. Fulmer.
DecemBer 2006
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introduced concrete tile. Commercial pro-
duction began in Bavaria shortly thereafter.
Concrete tiles were introduced to England,
Holland, and other European countries by
the early 1900s. Automated production
began, along with the practice of adding col-
oring pigments to imitate clay tile. By the
late 1920s, concrete tile was a permanent
part of the American tile industry, compet-
ing as a product that was lighter and less
expensive than clay.

Today, both concrete and clay consti-
tute the roof tile market. Our current tech-
nologies, new products, codes, and stan-
dards continue to be developed with both
products in mind.

These relatively recent developments
within the industry have created a changing
and increasingly complex environment,
developing new challenges for the consul-
tants and others who will be evaluating tile
roof systems.

THE ROLE OF THE ROOF CONSULTANT

Roof consultants may become involved
with tile systems in a number of ways. A
client may request an inspection to locate
current leakage or to evaluate remaining
service life of a tile system. Owners of larg-
er tile roofs may require maintenance plan-
ning or project management. Problems that
occur in tile systems prior to the end of their
service life may be the result of installation
errors or extreme environmental occur-
rences. In many cases involving construc-
tion defects, the consultant may testify as
an expert witness in arbitration or litigation.

In all of these scenarios, the consultant

must fulfill two primary responsibilities.
First, he or she must understand the sys-
tem and product involved. Secondly, all of
the facts must be gathered correctly and
objectively. In conducting any tile roof
inspection, there are four essential ques-
tions that, when answered, will provide the
basis for our observations and opinions:

1. What is the problem and how did it
happen (i.e., installation errors,
material defects, design flaws, lack
of maintenance, etc.).

2. When were the tiles installed? The
age of the building is a good but not
absolute indicator.

3. How was the roof installed? Which
method(s) and materials were uti-
lized?

4. What are the applicable codes and
manufacturer’s installation instruc-
tions?

8 e INTERFACE

In finding the answers to these basic
questions, other relevant information is
often discovered that creates a complete
assessment. The result should be a thor-
ough, accurate,
well-documented
opinion or report.

Next we'll dis-
cuss some tile
basics for back-
ground informa-
tion as well as iden-
tifying sources for
specific and de-
tailed information.

<

TILE TYPES AND
SYSTEMS

Knowing the
type, the manu-
facturer, and the
age of the tile are among the most critical
pieces of information one can obtain from
an inspection. Determining the type and
manufacturer can be as simple as reading
the inscription on the underside of the tile
or it can be as frustrating as trying to iden-
tify a small regional manufacturer that went
out of business 75 years ago.

Predominantly, there are two types of
roofing tiles - overlapping and interlocking.
Interlocking tiles are designed to be
installed in pairs with an extrusion on one
tile that is designed to “lock” over the other
tile, securing both. Overlapping tiles don’t
have a locking side and are generally nailed
in place. There are a number of tile shapes
and profiles, but most fall into two cate-
gories — pantiles and flat tiles. Pantiles con-
sist of two half cylinders, where one is
attached to the roof deck or battens and the
second is inverted and overlaps the
upturned edge of the first. These comprise
the most common profiles associated with
tile roofing - i.e., Spanish, mission, or bar-
rel tile. Flat tile can be either completely flat
(no extrusion or lock), or it can be inter-
locking on the top and one side (Photo 4).

These standard shapes may be known
by different names in a different part of the
country or the world.

Over the past 100 years, roof tiles have
been made from a variety of materials,
including clay, concrete, sheet metal, fiber
cement, and composites. Of these, clay and
concrete are the most popular and predom-
inantly used materials.

All this information about tile types,
shapes, materials, and manufacturers can
be confusing. Remember that there are few

Robert L. Fulmer.

Photo 4 - Clay overlapping (flat shingle) tile
exhibiting signs of water absorption. Photo by

individuals who can correctly identify all tile
manufacturers at a glance. The important
concept here is to use all these individual
tile characteristics in our forensic investiga-
tion to correctly
identify tile type,
condition, and
manufacturer.
While the signifi-
cance of type and
condition are obvi-
ous, why is identi-
fying the manufac-
turer important?

Almost every
manufacturer has
historically pub-
lished installation
instructions for its
products. In cases
of problematic tile
systems where installation errors are sus-
pected, these guides provide documentation
of recommended or published procedures.
In addition, tile manufacturers can help
determine the approximate age of a particu-
lar tile, based on their production records.
Manufacturers also provide a key piece of
information for maintenance planning when
they publish the service life for their prod-
ucts. Knowing the service life of the tile is
critical for maintenance cost projections
and determining repair or replace options.

When identifying tile and tile manufac-
turers, look at the obvious first. Is this a
familiar looking tile? Are there other tile
roofs in the area that look the same and
may be well documented? In the case of
newer concrete and clay tile, construction
records may be available. If not, consider
the geographic location. Tiles are heavy and
expensive to ship; consider the manufactur-
ers and distributors closest to the building.
Most tile manufacturers will evaluate a
sample tile or identify with close-up photos.
In the case of older or historic tile, one of
the best references available is the book,
Historic and Obsolete Roofing Tile by
Vincent Hobson and Melvin Mann. [Editor’s
Note: This book is available from RCI’s pub-
lications list.] The book contains histories of
all the early major tile manufacturers in the
U.S. as well as hundreds of scaled, color
photographs of individual tile.

By determining tile type, condition, and
manufacturer, we should have sufficient
information to answer three of the essential
inspection questions. The remaining ques-
tion is, “what are the applicable codes and
manufacturer’s installation instructions?”

DecemBER 2006



INDUSTRY STANDARDS AND INSTALLATION
METHODS

Industry standards and installation
guidelines are the tools consultants use to
evaluate the integrity, quality, and code
compliance of a tile roof installation. The
purpose of these guidelines is to provide a
level of quality and standardization for the
manufacture, testing, and installation of
tile. They are also critical elements in con-
struction litigation, often validating the con-
sultant’s position and observations. Roofing
tile has more than its share of acronyms for
the myriad codes, standards, and organiza-
tions representing the industry. While
addressing all of the standards organiza-
tions that include tile roofing would be over-
whelming, a chronology of some of the more
relevant organizations is as follows.

ASTM International (American Society
for Testing and Materials) is one of the old-
est and largest voluntary standard develop-
ment organizations in the world. Founded
in 1898, over the years, ASTM developed
ASTM C-1167 standards for clay tile roofing
and ASTM C-1492 for concrete tile. The
written standards for both include standard
specification for materials and manufac-
ture, tests for wind uplift, and standards for
terminology. In addition, a grading system
is established for “resistance to frost.”

The ICC (International Code Council)
was established in 1994 as a non-profit
organization that develops comprehensive
natural model construction codes. It was
founded by BOCA (Building Officials and
Code Administrators International), the
ICBO (International Conference of Building
Officials), and SBCCI (Southern Building
Code Congress International). These three
organizations had been operating indepen-
dently since the early part of the last centu-
1y, developing regional codes. The formation
of the ICC combined their expertise into one
source. Consultants and other industry
professionals benefit by working with one
set of codes (ICC) as opposed to three differ-
ent sets of standards prior to 1994. One of
the most relevant ICC services is its evalua-
tion report (ICC-ES). The ES reports objec-
tively evaluate code-compliant materials
and installation methods and are available
on the ICC Web site.

In 1987, the Roof Tile Committee of
FRSA (the Florida Roofing, Sheet Metal and
Air Conditioning Contractors Association)
and the NTRMA (National Tile Roofing
Manufacturers Association) co-wrote con-
sensus standards for the installation of con-
crete and clay roof tiles. This effort, over the

DecemBER 2006

course of ten years, produced the Concrete
and Clay Roof Tile Installation Manual, one
of the most comprehensive sets of tile stan-
dards. Prior to 2001, individual manufac-
turers wrote their own installation stan-
dards. At that time there were 58 separate
standards. The NTRMA manuals consoli-
date them into one source. The NTRMA also
produced the manuals, Concrete and Clay
Tile Roof Design Criteria Manual for Cold
and Snow Regions in conjunction with the
Western States Roofing Contractors
Association (WSRCA) and also the Moderate
Climate Installation Guide.

In addition, NTRMA teamed up with the
University of Southern California to con-
duct studies and tests of the seismic perfor-
mance of concrete and clay roofing tile. In
the only study of its kind, earthquake con-
ditions were reproduced on four of the most
commonly used tile systems. The results
revealed that when installed in accordance
with current code, these systems cannot
only meet UBC (Uniform Building Code)
standards for seismic load requirements of
tile, but they are capable of withstanding a
quake almost double the intensity of the
1994 Northridge quake, which measure 6.7
on the Richter Scale.

The NTRMA has recently changed its
name to the Roof Tile Institute (RTI) and it
continues to be one of the best sources for
tile information and technical support. No
discussion of tile standards would be com-
plete without mentioning the SBC
(Standard Building Code) and the FBC
(Florida Building Code). The SBC has been
the fundamental basis for tile installation
for quite some time, and because of the hur-
ricane exposure, the FBC has some of the
most stringent “wind uplift” requirements in
the nation.

The number and quality of standards
and code organizations provide an excellent
benchmark for materials, manufacture, and
installation, and are valuable technical and
documentation resources for the consul-
tant.

THE INSPECTION PROCESS

Tile systems are unique, and as a
result, their inspection presents challenges
and characteristics unlike any other roof.
All roofing tiles are not created equally, nor
do they fail equally. One of the most critical
challenges before the tile expert is the accu-
rate determination of the reasons behind a
tile system’s failure. In other words, “what
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Ay
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is the problem and how did it happen?”

As with most forensic roof investiga-
tions, the inspection begins by accessing
the roof in order to evaluate its components.
Again we need to answer the questions,
what type of tile is it? What point has the
system reached within its service life? Are
there problems, and if so, are they normal-
ly occurring, the result of environmental
factors, or premature failure.

One of the more common misunder-
standings about tile is how various systems
age. For the most part, this is a direct result
of the hardness of the tile. Both concrete
and clay tile are porous in varying degrees.
It is porosity and the resulting water
absorption that weaken the tile over time.
Water saturation in concrete tile increases
over the life of the tile, accelerated by ero-
sion of the cement and exposure of the mix
aggregate. Toward the end of the concrete
tile’s service life, efflorescence can form on
the underside of the tile prior to complete
saturation. After saturation, water then
drips off of the underside of the tile. In the
latter portion of this process, most concrete
tiles are too soft to walk on. Clay tiles exhib-
it different characteristics toward the end of
their service lives.

Clay tiles also absorb water; however,
porosity is a function of the density of the
clay used and the vitrification process.
Vitrification is the process that turns clay to
glass by applying heat (firing). Clay tiles
that are not thoroughly vitrified are softer
and consequently possess a shorter service
life. Freeze/thaw cycles in colder climates
cause spalling when moisture expands as it
freezes. Spalling and flaking are the result
of normal water absorption and wear
process. Flaking begins on the surface of
the tile and continues throughout the life of
the tile until the flaking wears completely
through. The presence of these elements is
sometimes incorrectly diagnosed as tile fail-
ure. During examination of a representative
number of tiles, the flaking should be dis-
lodged. If algae or lichen are present under
the flaking, the process is a slow, natural
one. If bright, clean clay is exposed, the
process is accelerated and newer. This
could be the result of environmental factors
(i.e., hail damage, excessive hot and cold
temperature variation), or it could indicate
premature tile failure.

Another common “normal” failure pecu-
liar to clay tile is cracking in older tiles.
Occasionally, the clay may not have been
properly worked prior to firing. During fir-
ing, the clay will then shrink, causing small
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cracks - some barely visible. As these tiles
age, the cracks can become pronounced,
providing sources of increased water
absorption and possibly breakage.

A key point of misunderstanding in
diagnosing a clay or concrete tile system is
that any of the potential reasons of failure
discussed thus far do not necessarily repre-
sent a system failure. Too often, an inspec-
tor will encounter one or more of these con-
ditions in a single test area or small section
of the roof. The erroneous assumption is
made that the entire system has failed,
when in fact the problems may be isolated.
Examples of isolated failures could be the
result of improper aggregate/mortar mixes
in a single batch of concrete tile, improper
vitrification in a single batch of clay tile, or
repairs to a roof section using older sal-
vaged tile. This underscores the importance
of testing multiple areas of the roof system
upon discovery of these problems to verify
whether they are systemic or isolated
issues. This could mean the difference
between recommendations of spot repairs
versus an entire roof replacement, a partic-
ularly important consideration on histori-
cally significant buildings.

Tile systems overall have excellent resis-
tance to environmental effects. However,
severe environments can affect tile in vary-
ing degrees. For example, small hail doesn’t
affect most tiles. However, large hail has dif-
ferent effects on various types of tile. Both
concrete and clay tile in the latter portions
of their service life are softer and large hail
can pass entirely through or knock out
large sections of the tile. Hard clay tile are
normally completely shattered or cracked,;
hail will seldom pass through them. Newer
concrete tile may exhibit chipped edges or
broken corners from medium to large hail.

Wind damage to a tile roof is fairly evi-
dent. Tile that have shifted out of place or
have blown completely off are an indication.
The consultant should verify proper expo-
sure of the tile courses in the case of wind
uplift damage, as excessive exposure
increases the “overturning” moment of the
tile. Proper fastening methods in compli-
ance with RTI and applicable regional stan-
dards should also be verified.

Certain environmental factors that
adversely affect other roof systems have
only aesthetic effects on tile. For example,
algae or moss growth can be pressure-
washed off the tile. Efflorescence of soluble
salts is fairly common on concrete tile. It is
the result of lime and water reactions in the
material that release calcium hydroxide.

The reaction with carbon dioxide and rain
eventually washes it away.

Other significant components included
in an inspection are the methods of tile
attachment, type of underlayments, and
flashing details. The focus should again be
on obvious indications of age and condition,
viewing these components through multiple
test areas. Although there are regional vari-
ations of installation methods and types of
materials for these components, they
should be compliant with RTI or the manu-
facturer’s specific installation guidelines as
well as any applicable regional codes or
standards.

Having discussed potential problems
and proper diagnosis of tile roof systems,
how should the roof be physically accessed
to perform the forensic testing? As men-
tioned earlier, some tile roofs can be walked
on and some can’t. But as in any roof
inspection, personal safety is the first prior-
ity. People inspecting any steep slope sys-
tem should utilize a body harness and a
properly secured lifeline. Once on the tile,
however, proper weight distribution is key
to minimizing damage. Walk as little as pos-
sible on the tiles themselves. When walking
on tile becomes necessary, step only on the
butts or lower three inches of the tile. This
is the “headlap” area with the most sup-
porting material. To access the roof system
for test areas, some sort of scaffold or work
area is often required. On lower roof pitch-
es, sandbags supporting secured plywood
can provide a stable work area. On steeper
pitches, roof brackets designed for slate
roofing work well, providing a continuous
1x10 or 1x12 is placed under the metal
brackets to distribute the weight.

Again, the key premise to any roof
inspection is personal safety as the first pri-
ority.

HURRICANE CHARLEY

As discussed, tile roof systems have one
of the best performance records in the
industry. This is also one consultant’s opin-
ion after an extensive inspection of tile sys-
tems following an extreme weather event.

On Friday, August 13, 2004, at 3:45
p.m., Hurricane Charley made landfall at
Cayo Costa, Florida (just west of Cape
Coral) as a category 4 storm. Its winds were
estimated at 145 mph and measured at 111
mph before an equipment failure at Punta
Gorda airport. Charley continued its north-
east track across De Soto, Hardee, Polk,
and Osceola counties. The storm emerged
off the Volusia County coast and back into
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Photo 5 - Example of a ridge tile failure in a concrete tile roof system. Photo courtesy of Warren French.

the Atlantic on Saturday, August 14. Taking
just nine hours to traverse the Florida
peninsula, it was the strongest hurricane to
make landfall in the state since Hurricane
Andrew in 1992.

Shortly after the storm, RCI member
Warren French, PE, of French Engineering
retraced the path of the storm to study tile
performance during the hurricane. As part
of the RICOWI (Roof Industry Committee on
Weather Issues) team, Warren began his
assessments in the Port Charlotte/Punta
Gorda areas and provided the following
information. The most destruction to build-
ings from Charley occurred within a narrow
band following the storm track from Punta
Gorda northeasterly across the state to
Daytona Beach. One to two miles from the
center of the storm track, most damage
went from heavy to moderate. Virtually all of
the tile encountered was concrete with only
one clay tile roof examined. Of particular
interest was how the various attachment
methods of the tile performed in such a

DecemBer 2006

severe wind event. Because Punta Gorda is
an older community, most tile roofs were
older, mortar-set concrete tile. Overall, sys-
tem performance of the older, mortar-set
tiles was the poorest. Mortar deterioration
and subsequent loss of adhesion resulted in
either substantial numbers of tile blown
from the roof deck, or completely missing
rakes and ridges (Photo J).

Mechanically fastened tile systems fared
better than the older mortar set. They per-
formed well, up to 110 mph. However, above
those wind speeds, wind uplift failure
occurred, with the resulting impact damage
(damage caused by airborne tile and tile
debris impacting the roof). On one four-
story building inspected, the tile lost to
wind uplift blew over the ridge and broke
tile on the opposite side of the roof. As the
hurricane passed and the wind direction
changed, the debris was blown back over
the ridge, further damaging the tile on the
roof elevation from which they originated.

Overall, new “foam-set” tile systems per-

formed well. Most properly installed sys-
tems only received impact damage from
other flying debris. Exceptions in this sys-
tem’s performance occurred for two rea-
sons:

1. Failure of the ridge tile occurred on
roofs that did not use a ridge nailer
board, but relied on mortar without
fasteners.

2. The second failure source was an
installation error occurring when
the two-part foam mix was improp-
erly mixed, resulting in the foam
being either “part A rich” or “part B
rich” (Photo 6).

For the most part, on the roofs inspect-
ed, installation problems were minimal. In
addition to the problems described above,
the other significant installation error
occurred when exposure of the tile courses
was stretched. This resulted in an excessive
overturning moment with the resulting
uplift loss.
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Observations of the surviving tile were
made in comparison with ASCE (American
Society of Civil Engineers) standard 7-02.
The wind load provision within this stan-
dard addresses “corner conditions” damage
to tile as well as wind force and uplift mo-
ment effects on ridges, rakes, and eaves.

Overall, while tile systems did sustain
damage, they outperformed most other
roofs within the path of one of the fiercest
hurricanes in Florida’s recent weather his-
tory. Extreme weather events like Hurricane
Charley highlight some of the best charac-
teristics of tile roofing. Excellent perfor-
mance and versatility combined with classic
aesthetics separates tile as a truly unique
roof system.

The inspection and reporting process for
tile roof systems can be challenging and

‘| Photo 6 — Upper

| concrete tile roof
exhibiting partial failure
of the “foam-set”

| system, possibly due to
an improper foam mix.
Lower roof exhibiting
damage from flying
debris. Photo courtesy
of Warren French.

interesting. A working knowledge of the
product and its qualities, as well as the
effects of age, weather, and other factors,
will allow professionals to accurately diag-
nose the issues involved in tile roof system
failures.

Editor’s Note: This article was originally
published as part of the Proceedings of the
RCI 20th International Convention & Trade
Show from March 31- April 5, 2005, in Miami
Beach, Florida.

Robert Fulmer

Robert Fulmer is the owner of RL Fulmer Roof Consultants,
LLC of Portsmouth, New Hampshire. He is recognized for his
unique expertise in tile, slate, and copper roof systems. His
firm provides a complete range of roof consultant services to
both national and international clients. Mr. Fulmer can be
contacted by e-mail at robert@rlfulmer.com.
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HEARST BUILDING GETS GOLD

= The $252-million, 46-story Hearst Building was recently opened on

o time and within budget. The Manhattan high-rise was designed by
| Norman Foster and is the first occupied office building in New York
City to achieve a “gold” rating under the U.S. Green Building Council’s
Leadership in Energy and Environmental Design (LEED) program that
certifies sustainable buildings.

~

DecemBER 2006



Page 13
Full Page Ad
4-Color
Henry Company
Pick-up from 11/06, page 35



Steep-Slope Assembly Testing
of Clay and Concrete Tile Roofs

WITH

WITHOUT
GOOWRIGMENT/

By William A. Miller, PhD, PE

Part | of Il

This is the first of a two-part series. This section addresses the effects of cool color pigments on solar reflectance and reviews the effects of climatic
soiling. The reasons and methods behind a three-year regimen of testing of sample roof systems are discussed and performance metrics will be
presented in a second article showing the effectiveness of cool color pigments on clay and concrete tiles. The study was done for the California
Energy Commission and is published with the approval of CEC. An abbreviated report from the study was delivered at the RCI Foundation’s
2005 Cool Roofing...Cutting Through the Glare Symposium in Atlanta. The second part of this article will be published in the January 2007 issue

of Interface.

new generation of roofing

products is being introduced

that will bring relief to home-

owners and utilities alike.

Cool color pigments used to

color paints are reducing the
amount of energy needed to cool buildings,
which in turn helps power companies to
reduce hot-weather energy consumption.
Cool color pigments will also positively
impact the environment by helping reduce
carbon dioxide emissions, metropolitan
heat build-up, and urban smog.

Industry researchers, including those
working with the Department of Defense,
developed the first prototype cool color pig-
ments for military camouflage to closely
match the near-infrared reflectance of
background foliage. The high infrared
reflectance of these pigments can be
exploited to manufacture roofing materials
that reflect more sunlight than convention-
ally pigmented roofing products. Therefore,
Oak Ridge National Laboratory (ORNL) and
the Lawrence Berkeley National Laboratory
(LBNL) initiated a three-year project to bring
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cool-colored roofing materials to the roofing
market. The sister laboratories, in conjunc-
tion with pigment (colorant) and roof manu-
facturers, selected appropriate cool color
pigments, applied them to roofing materi-
als, and field tested the roof products.
Testing occurred at demonstration homes
and seven weathering farms in California
and at the campus of the Buildings
Technology Center (BTC), using the steep-
slope attic assembly on the Envelope
Systems Research Apparatus (ESRA).

ABSTRACT

Cool-color pigments and above-sheath-
ing ventilation of clay and concrete tile roofs
significantly impact the heat flow crossing
the roof deck of a steep-slope roof. Field
measures for the tile roofs revealed a 70%
drop in the peak heat flow crossing the deck
as compared to a direct-nailed asphalt shin-
gle roof. The Tile Roofing Institute (TRI) and
its affiliate members are keenly interested
in documenting the magnitude of the drop
for obtaining solar reflectance credits with
state and federal “cool roof” building effi-

ciency standards. Tile roofs are direct-
nailed or are attached to a deck with batten
or batten and counter-batten construction.

S-Mission clay and concrete tile roofs, a
medium-profile concrete tile roof, and a flat
“slate” roof were installed on fully instru-
mented attic test assemblies. Temperatures
of the roof, deck, attic, and ceiling; heat
flows; solar reflectance; thermal emittance;
and the ambient weather were recorded for
each of the tile roofs and also on an adja-
cent attic cavity covered with a convention-
al pigmented and direct-nailed asphalt
shingle roof. ORNL measured each tile’s
underside temperature and the bulk air
temperature and heat flows just under-
neath the tile for batten and counter-batten
tile systems and compared the results to
the conventional asphalt shingle.

INTRODUCTION

Parker, Sonne, and Sherwin (2002)
demonstrated that a Florida home with a
“white, reflective,” barrel-shaped concrete
tile roof used 22% less annual cooling ener-
gy than an identical and adjacent home
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Figure 1 - Cooltile IR Coatings™ developed by American Rooftile Coatings and LBNL increase the solar

reflectance of coated tiles by as much as 0.37 (black tile) without changing color.

having a dark, absorptive, asphalt shingle
roof. The annual cost savings due to the
reduced use of comfort-cooling energy was
about $120, or approximately 6.7¢ per
square foot per year.

The energy and cost savings reported by
Parker et al. (2002) for white reflective con-
crete tile are promising; however, in the res-
idential market, the issues of aesthetics and
durability have limited the acceptance of
“white” residential roofing. To homeowners,
dark roofs simply blend better with the sur-
roundings than their counterpart, a highly
reflective “white” roof. What the public is
not aware of, however, is that the aestheti-
cally pleasing dark roof can be made to
reflect like a “white” roof in the near-
infrared spectrum. Miller et al. (2004),
Akbari et al. (2004b), and Levinson et al.
(2005a and 2005b) provide further details
about the potential energy benefits, identifi-
cation, and characterization of dark, yet
highly reflective, color pigments.

Coating tile with cool pigmented colors
has been successfully demonstrated by
American Rooftile Coatings, which applied
its Cooltile IR Coating™ to several samples
of concrete tiles of different colors (Figure 1).
The solar reflectance for all colors tested
exceeded 0.40. Most dramatic is the effect
of the dark colors. The black coating
increased the solar reflectance from 0.04 to
0.41, while the chocolate brown coating
jumped from 0.12 to 0.41, a 250% increase
in solar reflectance! The coating can cer-
tainly help tile roof products comply with
legislation being proposed for California’s
Title 24 building energy efficiency stan-
dards for residential buildings. Levinson,
Akbari, and Reilly (2004) found that apply-
ing the Cooltile IR Coating™ yielded mea-
surable reductions in roof surface tempera-
ture, attic air temperature, and ceiling heat
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flux for scaled buildings field-tested in
Riverside, California (Figure I).

STEEP-SLOPE ATTIC ASSEMBLY

The ESRA is a one-story building used
to expose large areas of low-slope and
steep-slope roofs to East Tennessee’s cli-
mate. Two sides of the building are mostly
below grade, while the other two sides are
mostly above grade. The interior of the
ESRA is conditioned to a constant tempera-
ture of 70°F year-round. The long axis of the
building is oriented east to west, and the
test roofs on the ESRA face directly south to
receive full exposure from the sun.

Members of TRI installed clay and con-
crete tile on a fully instrumented, steep-
slope attic assembly (Figure 2). High-profile
S-Mission clay and concrete tile, medium-
profile concrete, and a flat concrete “slate”
tile were exposed to East Tennessee’s cli-
mate for two full years. The clay S-Mission
tile and the medium-profile concrete tile
were direct-nailed to the roof deck; high-
profile S-Mission concrete tile was spot-
adhered with foam to the roof deck; the flat
concrete “slate” tile was fastened to a batten

and counter-batten sys-
tem; and another con-
crete S-Mission tile was
fastened to battens
(Table 1). The sixth lane
(see far left lane in Figure
2) has a conventional
asphalt shingle roof for
comparing energy sav-
ings. The tile roofs are
approximately 5 ft wide
with 16 ft of length.
Table 1 provides the
salient features of the
test concrete and clay
tiles. All tiles, whether
direct-nailed or installed
on battens, have above-sheathing ventila-
tion along the underside of the tile traveling
from soffit to ridge and transversely along
the width of the test roofs. Parapet parti-
tions with channel flashing were installed
between lanes to keep transverse airflows
within a given type of tile (Figures 2 and 3).

Each test roof has its own attic cavity,
with 11 inches of expanded polystyrene
insulation installed between adjacent cavi-
ties. This reduces the heat leakage between
cavities to less than 0.5% of the solar flux
incident at solar noon on a test roof.
Therefore, each lane can be tested as a
stand-alone entity. Salient features of the
ESRA facility are fully discussed by Miller et
al. (2002).

As mentioned, above-sheathing ventila-
tion occurs on the underside of the tile roofs
because of the design of the tile and the
construction of the roof deck. The batten
and batten with counter-batten installa-
tions provide a unique inclined air channel
running from the soffit to the ridge. The bot-
tom surface of the air channel is formed by
the roof deck and 304# felt and is relatively
in plane and smooth. The top surface is cre-

Roor Cover ATTACHMENT TO DECK REFLECTANCE ~ EMITTANCE
SRuEyy'
S-Mission Clay Direct to Deck SR54E90
Medium-Profile Concrete | Direct to Deck SR10E93
S-Mission Concrete Spot Adhered to Deck Using Foam SR26E86
“Slate” Concrete Counter-Batten and Batten SR13E83
S-Mission Concrete Batten SR34E83
Asphalt Shingle Direct to Deck SR10E89

' SRxx states the solar reflectance of a new sample. Eyy reports the thermal emittance of the new sam-
ple. For example, the asphalt-shingle roof is labeled SR10E89; its freshly manufactured surface proper-
ties are therefore 0.10-reflectance and 0.89-emittance.

Table 1 - Clay and concrete tile placed on the ESRA’s steep-slope attic assembly.
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+0.003 units (Petrie et al., 2000)
through validation against the
ASTM E-903 method (ASTM 1996).
However, because the cool color
pigments exhibit high near-
infrared reflectance, some of the
field samples were also measured
at LBNL using a spectrometer to
check the portable reflectometer.
The average absolute difference
between the Device and Services
reflectometer and the spectrometer
was about 0.02 points of
reflectance.

The impact of emittance on roof
temperature is almost as impor-
tant as that of reflectance
(Levinson 2005). A portable Device
and Services emissometer was
used to measure the thermal emit-
tance using the procedures in
ASTM C-1371 (ASTM 2004). The

Figure 2 - An assembly of steep-slope attics was placed on top of the ESRA. Clay and concrete tiles

were installed by the Tile Roofing Institute.

ated by the underside of the roofing tiles
and is broken at regular intervals by a bat-
ten' wood furring strip (into which the tiles
are fastened).

For batten and counter-batten con-
struction, the counter-batten is fastened to
the roof deck and run from soffit to ridge,
and the batten is nailed on top of the
counter-battens (Figure 3). The underside
of the roof tiles establishes
the upper surface of the
inclined air channel. Tiles
are designed with a gap at
the respective overlap
where one tile lies atop the
other. The design allows
wind pressures to equal-
ize, reducing uplift. The
design further complicates
solution of the heat trans-
fer because an accurate
prediction of the airflow is
required to predict the
heat transfer crossing the
roof boundary.

SOLAR REFLECTANCE AND
THERMAL EMITTANCE
INSTRUMENTS

A Device and Services
solar spectrum reflectome-
ter was used to measure
the solar reflectance (near
normal, hemispherical re-
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flectance of sunlight) of the roof samples.
The device uses a tungsten halogen lamp to
diffusely illuminate a sample. Four detec-
tors, each fitted with differently colored fil-
ters, measure the reflected light in different
wavelength ranges. The four signals are
weighted in appropriate proportions to yield
the total hemispherical reflectance. The
device was proven accurate to within

device has a thermopile radiation
detector, which is heated to 180°F.
The detector has two high-e and
two low-e elements and is designed
to respond only to radiation heat transfer
between itself and the sample. Because the
device is comparative between the high-e
and the low-e elements, it must be calibrat-
ed in-situ using two standards, one having
an emittance of 0.89, the other having an
emittance of 0.06. Kollie, Weaver, and
McElroy (1990) verified the instrument’s
precision as £0.008 units.

Figure 3 - Construction of the roof deck showing battens and counter-battens for attaching the slate tile. The
parapets are used to limit airflow on the underside of the tile to within a given test roof.
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SOLAR REFLECTANCE AND

THERMAL EMITTANCE 10 ¢

The solar re- 0.9 W11/12/03
flectance and the ther- - 006/11/04
mal emittance of a 0.8 + W08/11/04
roof surface are impor- 07 m11/18/04
tant surface proper- : W02/25/05
ties affecting the .roof 0.6 ¢ B 05/18/05
temperature, which, 05 £ m10/03/05

in turn, drives the
heat flow through the
roof. The solar reflec-
tance (p) is the frac-
tion of incident sun-
light that is reflected

by the surface. The 0.1 1 :.I
thermal emittance (g) 0.0 +

character?zes th? effi- S-Mission Medium- S-Mission Slate S-Mission Asphalt
ciency with "f’thh a Clay Profile Concrete Concrete Concrete Shingle
surface cools itself by SR54E90 Concrete SR26E86 SR13E83 SR34E83 SR10E89
emitting radiation. It SR10E93

is the ratio of the total
flux (power per unit
area) radiated by the

CONCRETE AND CLAY TILES

surface to that radiat-
ed by a black body
(perfect absorber of radiation) at the same
temperature. Our emphasis on the long-
term benefits of cool roofing systems recog-
nizes the potential for a significant loss in
solar reflectance in the first few years of ser-
vice life. Surface contamination and climat-
ic exposure cause the loss. If a roof product
is severely soiled, then the benefits of cool
color pigments diminish.

EFFECTS OF CLIMATIC SOILING

The initial solar reflectance and initial
thermal emittance are identified for each
tile using the abbreviation SRxxEyy
described in Table 1. After two years of
exposure, the S-Mission tiles (SRS4E90,
SR26E86, and SR34E83) show little drop in
solar reflectance (Figure 4). The clay tile
(SR54E90) exceeds the solar reflectance of
all the other tiles (Figure 4), because it con-
tains cool color pigments that boost its
reflectance in the near-infrared spectrum. A
slurry coating process is used to add color
to the surface of a clay tile. Once coated, the
clay is kiln-fired, and the firing tempera-
ture, the atmosphere, and the pigments
affect the final color and solar reflectance
[Akbari, et al. (2004a)].

Data for clay tiles are also shown for
field exposure testing in three of the 16 cli-
matic zones of California. The clay samples
are identical to those tested at ORNL. They
show a loss of solar reflectance that occurs
because of climatic soiling. The worst soil-
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Figure 4 - Solar reflectance of the clay and concrete tile exposed on the ESRA.

ing observed occurs in the urban area of alpine climate of McArthur shows the lowest

Colton and the desert area of El Centro
(Figure 5). However, the crisp and clear

loss of solar reflectance, because fewer con-
taminants pollute the air.

RC

ROOF CONSULTANTS
INSTITUTE FOUNDATION

800-828-1902

to support research, education, and the dissemination of
information for issues important to the industry

www.rcifoundation.org
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less reflectance loss com-
pared to testing at 2 inch-
es of rise per 12 inches of
run (9.5°) for all three ex-
posure sites (Figure J).
Precipitation is not be-
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Rather, wind may be
causing the different loss-

9.5° 18.4° 33.7° 18.4° 9.5° 18.4° 33.7° 18.4° 9.5° 18.4° 33.7° 18.4°

Meloland Sacramento McArthur

es of solar reflectance as

roof slope changes from Figure 5 - Solar reflectance of clay tile exposed at weathering sites in California.

9.5 to 33.7 degrees.

The results in Figures 4 and 5 show that
exposure testing differed between the west-
ern and mid-eastern climates of the United
States, possibly because of differences in
precipitation and wind. East Tennessee’s
climate caused little, if any, soiling of the
non-white tiles.

The thermal emittance of the clay and
concrete tile has not changed much after
two years of exposure in California or
Tennessee. It remains relatively constant at
about 0.85. [&

FOOTNOTES
! Battens are either fastened directly
to the roof deck or fastened atop a
counter batten. Battens run parallel
to the roof’s ridge.

Part Il of Il will appear in the January issue of Interface
and describe field test results, conclusions, and recommendations.

William A. Miller, PhD

Dr. Miller is a specialist with 25 years of experience in vapor
compression refrigeration systems, absorption heat, and
mass transfer and building science technologies. He has a
PhD in mechanical engineering and works for the Engineering
Science and Technology Division of the Oak Ridge National
Laboratory. He has conducted cool roof studies for the
California Energy Commission, SPRI, and a consortium of
metal industries to quantify the energy savings and affordable
cost premiums for highly reflective roof products as compared
to dark, absorptive roof systems. He has expertise in finite difference heat conduction
for application to forced convection, natural convection, and mixed convection finite-dif-
ference simulations.

LARGEST ROOFING COMPANIES LISTED
ENR has released its “Top 600 Specialty Contractors” list. Ranked by 2005 revenue, the top 20 roofing contractors are listed below:
Rank Firm 2005 Chg. % Rank Firm 2005 Chg. %,
Revenue ’04-05 Revenue ’04-05
($ Mil.) ($ Mil.)
I Centimark Corp., Canonsburg, PA 3415  +14 Il Schreiber Roofing Corp., Detroit, Ml 338 +1
2 Tecta America Corp., Skokie, IL 334.6 +42 12 Kalkreuth Roofing & Sheet Metal Inc., Wheeling, WV 33 +121
3 Latite Roofing & Sheetmetal Co. Inc., Pompano Beach, FL 1084  +43 I3 The Young Group Ltd., St. Louis, MO 36 +19
4 Baker Roofing Co., Raleigh, NC 100.1 +40 14  Douglass Roofing Co., Commerce City, CO 32.0 +20
5 Best Roofing & Waterproofing Inc., Gardena, CA 65.0  +49 I5  The Fred Christen & Sons Co., Toledo, OH 308 NA
6 Crowther Roofing & Sheet Metal of Fl. Inc,, Fort Myers, FL 564  +33 16 All-South Subcontractors Inc., Birmingham, AL 298  +3I
7 Holland Roofing, Florence, KY 52.0 +11 I7  Orndorff & Spaid Inc., Beltsville, MD 294 +16
8 The Campbell Cos., Memphis, TN 48.) +17 I8  Commercial Roofers Inc., Las Vegas, NV 25.5 NA
9 Advanced Roofing Inc., Fort Lauderdale, FL 46.4 +317 19 Hamlin Roofing Co. Inc., Garner, NC 228 +20
[0 Beldon Enterprises Inc., San Antonio, TX 36.0 NA 20 Burns & Scalo Roofing Co. Inc., Pittshurgh, PA 18.5 +1
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Standard Thermoplastic
Membrane

ReflexeOl

After 18 months

IT’S A CLEAN JOB, BUT SOMEBODY’S GOT TO DO IT.

Introducing Firestone ReflexEON TPO, an enhanced thermoplastic formulation that goes on-and
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more at 1-800-428-4442 or at www.firestonebpco.com.
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1. INTRODUCTION

Traditional clay tile roofs combine both
modern and time-proven materials with tra-
ditional craftsmanship to produce what can
be one of the most durable, aesthetically
pleasing, and architecturally distinct steep-
slope roofing systems. On the downside,
designing and constructing clay tile roofs
present technical and aesthetic pitfalls that
can defeat the most durable materials. For
example, an inappropriately selected tile
color or finish can unacceptably alter the
appearance of a building, and a poorly
designed or constructed roofing system can
be quickly destroyed by material failure,
leakage, or wind uplift.

Achieving maximum durability requires
careful material selection, meticulous de-
tailing, and construction by knowledgeable
and diligent craftsmen. This paper presents
practical advice to help designers and build-
ers conceive, design, and construct durable
clay tile roofs. Several aspects of clay tile
roofing are covered in a restoration and
rehabilitation context, including investiga-
tion of existing clay tile roofs to determine
causes of failure; selection of tile materials,
geometries and finishes; selection and
detailing of flashing and membrane under-
layment; and review of attachment meth-
ods. Advice and recommendations based on
the authors’ experience are also included to
illustrate successful design and building
practices for clay tile roofs.

2. INVESTIGATION

Prior to beginning rehabilitation design,
a careful investigation of the clay tile roof is
required. The purpose of this step is to doc-
ument the condition and performance of
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the roof and collect necessary product infor-
mation for the design. Field investigations
typically include an interior condition sur-
vey to locate roof leaks; water testing to
track leakage paths into the building; and
exploratory openings in the roof to docu-
ment the configuration and condition of its
components. We discuss the critical steps
for a field investigation below.

2.1 Document Review and Preparation
for Field Work

In preparation for field work, the design-

er should collect and review existing docu-
mentation, such as original construction
documents, photographs, maintenance
logs, and repair histories pertaining to the
roof. Pre-planning for field work is a com-
prehensive process involving multiple
tasks:

¢+ identification and coordination of
appropriate access equipment;

¢ selection of exploratory opening
locations;

o selection of water test locations;

* coordination with a skilled roofing
contractor to assist with access and
make and repair openings;

o review of building plans, photo-
graphs, and

* a pre-investigation visit.

Information shown on existing building
drawings (such as details, roof slope, tile
manufacturer, or prior repairs and modifi-
cations) is helpful for preliminary planning,
but must be verified during the field inves-
tigation.

~ Investigation

and Rehabilitation

By Nicholas A. Piteo and Niklas W. Vigener

2.2 Field Investigation

Once the pre-planning work is com-
plete, the first step of the field investigation
is an interior building survey, starting with
interviews of building occupants to locate
roof leaks. The information collected during
this survey will serve as a “road map” to
help plan water tests and sample openings
of exterior roof features.

Exploratory openings are required to
document the roof’s as-built construction
and will make up the bulk of the field inves-
tigation. Documentation of sample openings
must include necessary information to
design and detail roof repairs and should
include photographs, notes, and sketches.
The designer should make openings at all
typical roof locations, including roof eaves,
rakes, valleys, hips, ridges, roof penetra-
tions, and rising walls, as well as at unique
roofing features that will require special
detailing. Generally, the larger an explorato-
ry opening is, the more information it
reveals and the easier it is to view the detail
configuration. In areas that have been sub-
ject to water leakage, sample openings will
reveal concealed damage, such as deterio-
rated deck, that must be accounted for dur-
ing design.

During the investigation, clay tile speci-
mens should be removed for identification
of tile type and configuration, manufactur-
er, exterior finish, and color range.
Preparation of custom tile finishes and
geometries to match existing tiles requires
considerable lead times, so starting this
process early in the rehabilitation design is
prudent. Tile specimens can also be tested
to determine relevant material properties
(see below). This step is necessary to evalu-
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ate the tiles’ in-service performance and
their potential for reuse in repairs or re-
roofing. Although a discussion of the
requirements for re-using tiles is beyond
the scope of this paper, we note that as a
result of the significant market for finding
matching replacement tiles and relative
ease of salvage, a large cottage industry has
arisen for salvaged, re-used clay tile.
Advertisements for used tile brokers can be
found in restoration magazines and Web
sites. We recommend laboratory testing of
any salvaged tile, prior to bulk purchase, to
assess its anticipated residual durability. If
the tile tests well, it may provide an eco-
nomical approach to finding durable, well-
matched replacements to tile that are no
longer available.

In some cases, water tests that track
existing leakage paths to the interior are
required in order to determine the causes of
premature roofing failures and to pinpoint
roof details that must be reconfigured dur-
ing the rehabilitation design.

3. COMPONENTS OF CLAY TILE ROOFING SYSTEMS

Multiple individual components make
up clay tile roofing systems, including
slope, deck, underlayment, flashings, and
attachments. Each component can impact
the overall performance of the roofing sys-
tem, and it is important to understand the
role that each plays.

3.1 Roof Slope

All clay tile roofs must have sufficient
slope to shed rainwater off the assembly.
Minimum slope requirements vary by man-
ufacturer and tile geometry but generally
range from 3:12 to 5:12. While the 2003
edition of the International Building Code
(IBC 2003) requires a minimum slope of 2-
1/2:12, we recommend a minimum roof
slope of 4:12, consistent with National
Roofing Contractors Association (NRCA) tile
slope recommendations, to promote
drainage and improve the reliability of the
assembly in regions that are subject to
snow accumulation. At lower slopes, water
does not drain as promptly, more water is
prone to bypass the outermost surface of
the tile and reach the underlayment, and
thus, the performance of the roofing assem-
bly becomes more heavily reliant on the per-
formance and reliability of the underlay-
ment, particularly at fastener locations.
Consequently, where existing roof slopes
are 4:12 or less, providing self-adhered
membrane underlayment is especially
important to limit the risk of leakage; see
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the discussion below.

Most tiles do not have maximum slope
limits. However, tiles installed over very
steep slopes — 18:12 or greater — are prone
to “chatter” (i.e., they rattle in windy condi-
tions) unless special attachment provisions,
such as wind clips and adhesives at the
nose of the tiles, are included in the design
to restrain movement. Chatter may also
occur due to local wind conditions on roofs
with lesser slopes.

3.2 Roof Deck

Proper selection of the deck is critical to
the installation and performance of a tile
roof assembly. The deck must support con-
struction loads along with code-required
dead and live loads, provide a continuous
substrate for the membrane underlayment,
supply adequate structural capacity for the
tile attachment, and meet code-required fire
resistance. Fire code considerations are not
discussed in this paper. In historic build-
ings, we commonly encounter lightweight
cinder concrete decks, pre-cast concrete
planks with or without lightweight cinder
topping, continuous wood plank decks, dis-
continuous wood “skip” sheathing, or dis-
crete metal or wood bars.

3.2.1 Concrete Decks

Poured-in-place lightweight concrete
decks and pre-cast concrete planks provide
both continuous support and a stable work
platform and may even add some insulation
value to the roof assembly. Unfortunately,
while lightweight concrete readily accepts
nails, it provides little resistance against
nail withdrawal and frequently cannot pro-
vide code-specified wind uplift resistance
without more complex fastening arrange-
ments, such as screws or adhesive anchors.
We have seen other instances where the
concrete deck was too hard to accept roof-
ing nails or fractured during nail driving.
Because of these limitations, we prefer to
cover existing concrete decks with plywood
to facilitate better nail pull-out resistance.

3.2.2 Wood Decks

In older buildings, decks commonly
consist of tongue-and-groove wood decking.
For new design, plywood is typically used.
Both make for an excellent roof deck.

*  Plywood must be rated for structur-
al use as roof sheathing by the
Engineered Wood Association, for-
merly the American Plywood
Association (APA) and
conform to standard

PRP-108. Other panelized wood
products, such as oriented strand
board (OSB), are much less durable
than plywood and are not appropri-
ate for use in heritage buildings.
Even though designers intend
sheathing to remain dry in service,
we recommend kiln-dried, preserva-
tive-treated plywood to provide pro-
tection against unintended leakage
or exposure. Use of preservative-
treated wood requires additional fas-
tener considerations; see the attach-
ment section below. The plywood
attachment, span, and thickness
must be designed to withstand wind
uplift and accommodate service
loads. Traditional rules for plywood
installation still apply, including
providing slight gaps between adja-
cent sheets to accommodate wood
expansion and avoid buckling of the
sheathing. Plywood also requires
special ~ considerations ~ when
installed below vapor impermeable
substrates, such as self-adhered
membrane underlayment, and
should be kiln-dried to avoid trap-
ping moisture within the roof
assembly. See also our discussion of
self-adhered membrane underlay-
ment below.
Wood plank decking and/or tongue-
and-groove wood decking must
accommodate many of the design
considerations discussed above for
plywood. Historic tongue-and-groove
decking ranges from 3/4-inch thick
on many residential applications, up
to between 2 and 3 inches thick on
some mills and other industrial
buildings. Tongue-and-groove sheath-
ing tends to have narrow, shallow
gaps between individual boards,
whereas plank or skip sheathing
often has wide gaps (often up to 1
inch wide) between boards. Large
gaps and “skip sheathing” are not
acceptable substrates for
new or rebuilt roof as-
semblies because
the mem-




Photo 1 - Torn felt membrane underlayment. Asphalt-saturated felt embrittles with age and becomes prone to

tearing.

brane underlayment sags into these
voids and causes membrane seams
to open, which leaves the membrane
vulnerable to leakage. Further, out-
of-plane irregularities and sharp
edges of boards can cut or stress
and prematurely wear membrane
underlayments over time. In cases of
skip sheathing or plank sheathing
with wide gaps, we recommend cov-
ering with plywood to provide a
smooth, clean, uniform substrate
for membrane underlayment. For
optimum adhesion of the mem-
brane, prime the plywood and seal
gaps between boards to prevent
bridging and provide for continuous
adhesion. Similarly, clean, prime,
and seal gaps in tongue-and-groove
sheathing prior to membrane instal-
lation for optimum adhesion and
performance.

3.2.3 Other Decking Systems

In some historic buildings, clay tiles are
wired directly to horizontal metal or wood
bars that span continuously between roof
trusses or rafters. These traditional sys-
tems, which have no continuous substrate
sheathing or underlayment membrane, are
inherently less reliable in their waterproof-

22 e |INTERFACE

durability of the mem-
. | brane is an important
| design consideration.
| Good quality clay tiles
have a typical service
life of 75 years or longer;
ideally, the quality of the
membrane underlay-
ment must match this
life expectancy. We have
seen instances where
non-durable or poorly
detailed and installed
membrane underlay-
ment resulted in leakage
and required recon-
struction of the entire
roof well before the clay
tile reached the end of
its service life.

3.3.1 Asphalt-saturated
Felt
Asphalt-saturated

ing performance than similar systems with
continuous underlayment and sheathing.
In some cases, depending upon the inter-
locking geometry and watertightness of the
particular tile, they can provide sufficient
waterproofing performance over unoccu-
pied and unfinished areas, such as attics,
which have some tolerance for water leak-
age. However, they are vulnerable to wind-
driven rain, particularly at flashing transi-
tions. In rehabilitation work, it is advisable
to add continuous sheathing and mem-
brane underlayment to improve the reliabil-
ity of the system; however, the additional
weight of the sheathing and underlayment
must be considered during the design.

3.3 Underlayment

Clay tile roofs are water-shedding sys-
tems. The tiles interlock and/or overlap to
intercept and shed most water off of the roof
assembly. However, most clay tile installa-
tions alone are far from watertight and
inevitably allow some water to pass through
the tile joints, particularly at roof perimeter
conditions, such as hips, valleys, ridges,
and eaves, and at roof penetrations. Mem-
brane underlayment is typically needed to
collect this water and conduct it to the exte-
rior along the roof eaves and valleys.

When evaluating roof underlayment,

felt is a traditional
choice for clay tile roof
underlayment and has a
long track record of per-
formance.  Felt is
straightforward to roll out, install in shin-
gle-lap fashion, and attach to the roof deck.
For attachment, we prefer button cap nails
over staples because staples penetrate in
two places and frequently tear the felt at
fastener locations, which reduces the relia-
bility of the membrane underlayment.

IBC 2003 requires that underlayment
conform with ASTM D 226, Type II (No. 30
asphalt-saturated felt), ASTM D 2626, or
ASTM D 249 Type I mineral-surfaced roll
roofing. Furthermore, IBC 2003 requires
two layers of underlayment for low-slope
applications. Low slope is defined as
between 2-1/2:12 and 4:12. We prefer two
layers of ASTM D 226, Type II membrane
underlayment for increased durability and
redundancy against leakage. Asphalt-satu-
rated felts will embrittle with age, particu-
larly if they have been exposed for an
extended time prior to clay tile installation,
and are prone to tearing, especially at ridge,
hips, and other details where the membrane
is creased; see Photo 1.

For roof slopes of 3:12 and greater, IBC
2003 also requires an additional layer of 36-
in.-wide [ASTM D 226] Type I membrane
underlayment at valley locations. This addi-
tional layer is intended to provide added
protection from leakage and membrane ero-
sion. We prefer self-adhered membrane
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underlayment, regardless of the roof slope,
below roof perimeter conditions, and areas
that conduct large volumes of water, such
as valley flashings. Self-adhered membrane
underlayment, when properly lapped and
installed, provides a more reliable water-
proofing layer than loose-laid felt, and
resists erosion of asphalt oils from frequent
runoff or standing water that contribute to
premature, asphalt-saturated, felt degrada-
tion. See below.

3.3.2 Self-Adhered Membrane

Self-adhered membrane underlayments
(typically rubberized asphalt on a polyethyl-
ene or fiberglass carrier) for roofing applica-
tions may include features such as slip- or
abrasion-resistant surfaces, reinforcement
to resist tearing, or formulations to resist
ultraviolet degradation. Due to the wide
variety of available self-adhered mem-
branes, we limit our discussion to general
principles applicable to most self-adhered
membranes.

Self-adhered membranes provide im-
proved weather resistance over felt under-
layments, mainly because they provide
some self-sealing capabilities at fastener
penetrations, have reasonably watertight
membrane-to-membrane seams, and fully
adhere to the deck (creating isolation of any
small leak). Together, these characteristics
provide greater protection against leakage
in low-slope applications in all climates,
and from water ponding behind ice dams in
cold climates, than does shingle-lapped felt
underlayment.

In cold climates, self-adhered mem-
brane underlayments should be used and
may be required by code, for ice dam pro-
tection. Felt membrane underlayment must
overlap the self-adhered membrane under-
layment if self-adhered membrane under-
layment is used for ice dam protection. A
full discussion of ice dams and ice dam pro-
tection is beyond the scope of this paper.
For maximum waterproofing performance,
self-adhered membrane underlayment
must be installed without gaps, wrinkles, or
fishmouths (small, tunnel-like openings in
lap seams at wrinkled membranes).

Most membrane underlayments, and
particularly self-adhered membranes with
polyethylene carrier sheets and their
release paper, are slippery to walk on. Wet
membrane underlayment frequently occurs
due to rain, dew, or frost. Under slippery
conditions, foot traffic should be prohibited,
and release paper should always be
promptly removed from the roof during
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installation. Many self-adhered membrane
manufacturers also make products with
textured facers to improve slip resistance.
In hot conditions, we have seen instances
where the modified asphalt melted and
caused the carrier sheet to slip when
stepped on.

Self-adhered membrane must also be
protected from exposure to sunlight and
must not be used in permanently exposed
locations since most membranes will
degrade in sunlight. Allowable exposure is
generally limited to about 30 days, although

I'm keepi

CO

over a long life cycle

limitations vary by manufacturer and mem-
brane type.

Additionally, self-adhered membranes
form an effective vapor retarder and may
cause condensation unless the roof assem-
bly is properly vented. Although a discus-
sion of vapor retarders in roof assemblies is
beyond the scope of this paper, we note that
potential applications where a significant
proportion of the roof deck is covered with
self-adhered membrane should be analyzed
during the design phase to assess their con-
densation potential.

When your clients demand an affordable, long-lasting roofing solution
that’s energy efficient, there’s no reason to panic. ENERGY STAR®

www.vinylroofs.org

rated vinyl roofing systems have been protecting buildings of all types

in all climates around the world for over 40 years. Now that’s cool.
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3.3.3 Hybrid
Underlayment
Where the poten-
tial for condensation does
not preclude the installation
over the entire deck, we recom-
mend providing a layer of self-
adhered membrane installed over the
roof deck and covering it with a layer of
asphalt-saturated felt. This arrangement
provides the advantages of both systems,
including tighter seals at fasteners and ice-
dam protection provided by the self-adhered
membrane.

The felt, on the other hand, has a longer
allowable exposure time and protects the
self-adhered membrane from UV exposure.
To a limited degree, it also protects it from
wear and tear during roofing installation
(e.g., protection from dropped nails and
tools), can provide a more slip-resistant
work surface, and provides waterproofing
redundancy.

3.4 Flashings

Flashings provide durable waterproofing
in exposed locations and avenues that con-
duct high volumes of water such as open
valley flashings, eave flashings, exposed
counterflashings, and roof transitions.
Flashings are typically exposed and must
be UV-resistant. Flashings must also be
carefully integrated with the underlayment
to provide continuous waterproofing while
resisting corrosion and premature wear.
Flashings are made almost exclusively from
metals and must be carefully selected and
detailed for durability.

While IBC 2003 allows a minimum
flashing thickness of 0.019 inches, we find
that more robust flashings are required to
match the expected service life of a clay tile
roof. Typically, 16- or 20-oz. copper is suffi-
cient for most flashing areas that are not
subjected to concentrated water run-off.
High-flow areas, such as valleys, require
thicker flashings to provide a reasonable
service life.

To be durable and reliable over the long-
term, metal flashings should be solderable
and non-corroding. Aluminum is not sol-
derable, and galvanized steel flashings
readily corrode at cut edges, and thus, do

not meet these criteria. Copper (including
coated coppers such as zinc-tin, alloy-coat-
ed copper) or stainless steel are two metals
that meet these criteria and that we recom-
mend and use for flashings.

o Copper is the traditional flashing
material of choice for its exceptional
workability, durability, and in-ser-
vice performance record. Unlike alu-
minum, copper can be soldered to
provide watertight and durable
flashing connections. “Red” or un-
coated copper will turn brown, then
greenish blue, and eventually green
with patina due to oxidation and
natural weathering. (Refer to Revere
Copper’s Copper and Common Sense
for a more complete discussion of
the patination process.) This process
varies by region and exposure and
occurs at different rates for different
copper surfaces. The green patina
can also bleed onto walls or other
building components and stain
them. Effective management of cop-
per runoff is essential to prevent
such staining. Lead- or zinc-coated
copper resists patina formation and
staining as long as the coating

Not your garden variety green roof —rcemere=
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A “successful” green roof is one that stays watertight and
looks great over time - not for just the first or second
year, but for decades. American Hydrotech’s Garden
Roof® Assembly is based on more than 35 years of
proven green roof technology and experience. Because it’s
designed from the substrate up as a “complete assembly”,
its much more than just the sum of its parts.

Schwab Rehabilitation Hospital - Chicago, IL (2005 Green Roof Awards of Excellence winner)

303 East Ohio Street Chicago, IL 60611

American Hydrotech's Total System Warranty provides
owners with single source responsibility from the deck up.
This is a warranty that only American Hydrotech can offer,
and peace of mind that only American Hydrotech can
provide. 2

Longrecognized asan industry leader, American Hydrotech
continues to offer new products that allow us to better meet
your needs. To learn more about what American Hydrotech
can do for you, please give us a call at 800.877.6125
or visit www.hydrotechusa.com for more information.

800.877.6125 www.hydrotechusa.com
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remains intact. Environmental and
health concerns about lead runoff
preclude the use of lead-coated cop-
per in most applications. Zinc-coat-
ed copper does not have the lengthy
performance history of lead-coated
copper but provides a similar
appearance, supposedly without
environmental concerns.

o Stainless steel is another durable
flashing material because of its
exceptional corrosion resistance,
including resistance to the more cor-
rosive wood preservative treatments
used today. Unlike galvanized steel
flashings, stainless steel is equally
durable at all cut edges and at
scratches. Stainless steel can be sol-
dered watertight, but is tougher to
work with than copper, and some
consider its shiny appearance aes-
thetically objectionable. However, it
may be aesthetically appropriate
and desirable for modern/contem-
porary buildings.

IBC 2003 and the NRCA Roofing and
Waterproofing Manual permit other metals,
such as aluminum and galvanized steel, but
these lack the durability of copper or stain-
less steel, and we consider them inappro-
priate for use in monumental buildings.

We recommend that flashing design
include provisions to facilitate maintenance
and eventual roof replacement, such as
removable skirt components on through-
wall flashings.

3.5 Attachment

Clay tile attachment is critical to the
overall roof performance and must account
for wind loads while maintaining a durable
and weathertight roofing system. IBC 2003
offers a methodology to determine the aero-
dynamic uplift moment acting to raise the
nose of the tile and describes limitations for
its use, which may be used to determine
adequate attachment provisions. Two com-
mon methods of clay-tile attachment per-
mitted by IBC 2003 are adhesives and
mechanical fasteners. In some traditional
applications, clay tiles were simply hung
from horizontal battens; in other installa-
tions, tiles were fastened or wired to battens.

3.5.1 Battens

Some clay tiles, such as pan and cover
tiles, require wood battens (i.e., strips of
wood set on or over the structural deck
used to elevate and/or attach the tile roof
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covering) to attach the cover tiles. Wood bat-
tens are typically outboard of the roof
underlayment, i.e., they are expected to
endure some moisture exposure and must
be preservative-treated to resist deteriora-
tion in service. Today’s commonly available
wood preservatives are more corrosive than
their predecessors and require special fas-
tener considerations; see the attachment
discussion below.

Toe-nailing to the deck is the traditional
way to secure battens, but we have found
that metal angle brackets provide for more
reliable attachment because they avoid
splitting the wood batten, a common prob-
lem where toe nails are installed with little
edge distance.

3.5.2 Adhesive Attachment

We have seen mortar, aphaltic mastics,
and spray foam used as clay tile adhesives.
One drawback of all adhesives is that they
inhibit drainage by reducing or eliminating
the “drainage plane” free space between the
underside of the tile and the underlayment.
Spray foams can provide tenacious adhe-
sion to many substrates;
many are “Dade County Ap-
proved” for use in Florida’s
high wind hurricane zones.
Some foam manufacturers
have training programs that
address typical challenges of
spray-foam adhesive, includ-
ing a “blind” installation pro-
cedure that does not allow a
visual review of the adhesive
after tile installation, code lim-
itations on the permitted
adhesive contact area, unpre-
dictable expansion patterns,
and proper clean-up of over-
spray.

Spray foams have a limited
performance history and are
not yet proven to match the
expected service life of clay tile
roofs. Additionally, most spray
foams cannot be installed in
cold temperatures, which lim-
its their use to a short con-
struction season in cold cli-
mates, and they have a limited
track record in freeze/thaw
exposure. They do not adhere
to some underlayments, espe-
cially membranes with a poly-
ethylene  carrier  sheet.
Because of their limited track
record and the aforementioned

difficulties, we recommend using mechani-
cal fasteners to provide adequate tile
restraint, and using spray foam only as a
supplemental measure to reduce “chatter”
of the tiles in strong winds.

On the other hand, mortars and mastics
are traditional materials. Their traditional
use was typically not as a primary means of
attachment, but rather as a “hole filler” for
edge tiles at rakes and valleys; to provide a
closed, finished appearance; and to reduce
nesting of insects beneath open tile edges.
Mortars tend to have very limited adhesion
to clay tiles. Mortar should not be used as
primary clay tile attachment but can be
used as a supplement to mechanical fasten-
ers to reduce chatter and reduce nesting of
nuisance insects (e.g. hornets, wasps) in
edge voids. If left exposed or subject to
water run-off, mortar may also produce
unsightly white efflorescence staining.
Mortar is also susceptible to freeze/thaw
damage under these conditions and must
be evaluated for durability when exposed to
such conditions in service.

Photo 2 - Fastening eave and valley tiles (not shown)
with wire ties can avoid penetrations through metal
flashings, which would result in less reliable
waterproofing performance.
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3.5.3 Mechanical
Attachment

Mechanical fasteners,
such as nails, screws, wire
ties, and nose clips, have a
long performance history
with clay tile roofing and they
remain the most reliable at-
tachment method. Mechani-
cal fasteners must be in-
stalled to achieve sufficient
deck penetration but should
not strain the tile, which can
cause breakage. Clay tiles
should “hang” from the fas-
teners to allow some move-
ment.

Two fastener materials
meet the corrosion resistance
and durability required with
clay tile roofs: copper and
stainless steel. Galvanized
fasteners typically do not pro-
vide reliable corrosion resistance over the
anticipated life of the tile (e.g., 75 years),
especially when in contact with commonly
available, corrosive wood preservative treat-
ments. A full discussion of corrosive wood
preservative treatments is beyond the scope
of this paper.

Traditionally, clay tiles are held in place
with one or two fasteners at the head or
along the edge of rake tiles. IBC 2003 has
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numerous prescriptive fastener require-
ments, including using a minimum of 11-
gauge fasteners, 5/16-inch diameter heads,
and sufficient length to penetrate the deck a
minimum of 3/4-inch or through the thick-
ness of the deck. IBC 2003 also provides a
table to describe the minimum fastener
requirements to simplify design efforts at
some basic wind speeds and roof heights.

Photo 3 - Nose clips are used to resist uplift forces on tiles. The photo
shows both a wire nose clip in the field of the roof (top) and a custom-
manufactured nose clip along the roof eave (bottom). Custom-manufactured
nose clips may be required to provide adequate stiffness and length to
fasten above, rather than through, metal flashing along roof eaves.

Photo 4 - Delamination in clay tile as a result of freeze-
thaw damage. Testing of clay tiles prior to selection and

installation can help avoid such damage.

T

3.5.3.1 Nails and Screws

Nails are generally the most straightfor-
ward type of fastener to install. We recom-
mend the use of ring-shank or spiral-shank
nails, as they provide additional withdrawal
(‘pull-out”) resistance, at minimal increase
in material cost. Copper nails have long
been a traditional fastener choice due to
their corrosion resistance and ease of
installation. Copper nails are also easy to
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cut to accommodate later tile removal and
replacement. Unfortunately, thin copper
nails may bend during installation into
hard substrates, such as concrete and ply-
wood decks. Stainless steel nails are a
stiffer and more corrosion-resistant alterna-
tive to copper, and they rarely bend.
However, stainless steel fasteners are tough
to remove to allow later piecemeal tile
replacement; they usually must be cut off
with a hacksaw. Screw fasteners typically
provide better pull-out resistance than nails
but take longer to install and make later
repair or replacement much more difficult
and time consuming.

3.5.3.2 Wire Ties

Eave tiles and tiles adjacent to valley
flashings are frequently wired into place;
i.e., corrosion-resistant wire is fastened to
the deck beyond the flashing and the tiles
are hung into position (Photo 2). This con-
figuration avoids fastening through flash-
ings, which compromises their watertight-
ness.

3.5.3.3 Nose Clips

Supplemental clips to hold down the
front edge of the tile, commonly called nose
clips, are particularly important in high
wind regions because they provide two
points of tile attachment - one at the head
and one at the nose - to resist uplift force.
IBC 2003 requires nose clips at eave tiles
under some circumstances. While not
required by IBC 2003, we recommend the
use of nose clips in the field of the roof to
provide greater resistance to tile uplift in
high-wind regions. Numerous proprietary
nose clip products are available. Designers
must select nose clips with adequate stiff-
ness to hold the tile nose in place; long, thin
wires or sheet-metal clips are often too flex-
ible for this purpose.

Nose clips along eaves frequently pre-
sent additional problems because adequate
clip stiffness and the desire to fasten the
clip away from the eave flashing generally
oppose each other. In these cases, we have
successfully used custom-manufactured,
heavy-gauge stainless steel or copper nose

straps to provide tile restraint along eaves
(Photo 3).

3.6 Clay Tiles

Durability is the most important quality
for clay tile selection. The tiles must be
appropriate for their intended geographical
location and use. Proven performance in
similar climates and applications is one way
to gauge tile quality and designers should
visit such installations if possible. In addi-
tion to a review of in-service performance,
ASTM C 1167, the Standard Specification
for Clay Tile Roofs, includes tests to help
gauge the expected durability of tiles. We
discuss some of these tests below. (Photo 4)

3.6.1 Testing

ASTM C 1167 classifies clay tiles into
grades for durability, based on their resis-
tance to frost action. Tile grades range from
Grade 1, representing significant resistance
to severe frost action; to Grade 3, with only
negligible resistance to any frost action. A
map in ASTM C 1167 recommends tile

Photo 5 - Some common tile shapes include Pan and Cover or Straight Barrel Mission Tile (left), Spanish or “S” Tile (center) and Flat
Interlocking Tile (right). Mission tiles are also available with tapered profiles. Numerous other tile shapes are available. Contact tile
manufacturers for information on available shapes.

DecemBer 2006

INTERFACE o 27



grade by region. At
a minimum, design-
ers should adhere
to the grade recom-

mendations of
ASTM C 1167. We
recommend  only

specifying and us-
ing Grade 1 tile in
northern climates,
and whenever pos-
sible, we prefer to
use Grade 1 tiles for
increased durability
in less severe cli-
mates.

The “gateway”
grade requirements
of ASTM C 1167 are
based on the tile’s
cold-water absorp-
tion and saturation
coefficient, which
compares cold-
water absorption to
boiling-water  ab-
sorption and is
used to gauge the
freeze/thaw resis-
tance of the tiles.
Gateway require-
ments for the performance grades were
established to limit the need for freeze/thaw
tests, which may take ten weeks or longer to
complete and are often too long to allow
testing of the actual batch of tiles intended
for the project, while still meeting construc-
tion schedules. We have found that these
gateway absorption and saturation coeffi-
cients provide a good indicator of long-term
tile durability under freeze/thaw weather-
ing and general exposure. We have conduct-
ed laboratory tests on existing tiles that

28 o
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tiles to right.

have failed as well as existing clay tiles that
have performed well for over 100 years and
found the absorption results to correlate
well with tile durability.

While not required by ASTM C 1167,
freeze/thaw testing according to ASTM C
67, Standard Test Methods for Sampling
and Testing Brick and Structural Clay Tile,
as modified per ASTM C 1167, subjects tiles
to freeze/thaw cycles similar to those
expected in service in northern climates.
Freeze/thaw testing is allowed by the stan-

Photo 6 — The devolution of tile surface features: Three
generations of tile from the same manufacturer show loss of
surface articulation from a circa 1951 roof tile (left) to its
later (center) and contemporary (right) counterparts. On the
earliest tile (left), note the raised hub at fastener hole to
protect fastener hole from leakage and deeper drainage
channel (indicated by longer shadow from back leg of top
channel). These features are muted or eliminated on later

Photo 7 - Accessory tiles, such as the rounded hip closure tile shown above (or tiles for ridges, rakes, and starter
courses) are often available from manufacturers for various tile shapes and styles. In some cases, these require

special order and have considerably longer lead times than typical field tile shapes. Identify and order accessory
or custom tile shapes early to avoid delays during construction.

dard as a means to “prove” tile resistance to
severe weathering conditions if they fail to
meet the specified gateway absorption grade
requirements described above. However, the
50 freeze/thaw cycles may represent only 1-
2 years of actual exposure in many northern
climates in the U.S.; thus, the passing of
this test is not “proof” of long-term durability.

Transverse breaking strength of tiles
(i.e., bending strength) offers the best indi-
cator of resistance of the tile to breaking
due to impact (e.g., tree branches or ice
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falling onto the tile) and point loading (e.g.,
foot loads from workers walking on the
roof). The importance of breaking strength
data in selecting and specifying tile for a
roof should be assessed by the designer on
a case-by-case basis. On roofs with over-
hanging trees, large roofs above that shed
ice to lower roofs, and rooftop elements
(e.g., painted dormers, chimneys, etc.) that
require frequent maintenance, the roof will
be subjected to more frequent and severe
field conditions that promote breakage than
roofs not having any of these characteris-
tics. While breaking strength is not a direct
indicator of durability due to freeze/thaw
weathering, on some tests of existing clay
tile we have noted an indirect correlation
between the two. Tile that are dense and
well-fired (highly vitrified) tend to test better
in terms of both their breaking strength
(creating greater resistance to impact), and
their absorption (creating greater resistance
to freeze/thaw deterioration).

3.6.2 Tile Profile

The shape and surface profile of an indi-
vidual tile also affect its durability and wa-
terproofing performance. Many different
stock tile shapes are commonly available,
some of which are shown in Photo 5. Con-
sult tile manufacturers’ literature for de-
scriptions and illustrations of available shapes.

Traditionally, many tiles included intri-
cate features to channel water out of the
roof assembly and limit fastener exposure
to the weather. Such features include ridges
to shield fastener holes and drainage chan-
nels with weep slots to collect water and
direct it downward. Many modern tile
shapes either lack these traditional surface
features altogether or have muted versions
that are less effective at protecting tiles and
fasteners than their traditional counter-
parts. Photo 6 shows several generations of
clay tiles that illustrate the devolution of
these surface features.

3.6.3. Reproduction Tiles

Reproduction of traditional tiles to
match specific existing tiles for restoration
projects frequently presents challenges.
Traditionally, clay tile manufacturers often
used labor-intensive fabrication methods to
produce intricate and irregular tile shapes
and finishes. While these techniques can
still be replicated, high initial set-up costs
and labor costs make large-scale produc-
tion of custom tiles too costly for most jobs.
Today, custom, hand-formed tiles are con-
siderably more expensive and take much
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longer to procure than mass-produced pro-
duction line tiles, which may be stockpiled
for rapid distribution. For commonly avail-
able field tiles, some manufacturers offer
“accessory” pieces, specially shaped for
common non-field conditions such as hips,
ridges, rake closures, etc. The rounded hip
closure tile in Photo 7 is one example of an
accessory tile shape. Where custom-shaped
tiles are required, plan ahead and allow
considerable lead time and additional cost
compared to standard tiles to allow for their
production and delivery.

Tiles are often available in many color
options and with numerous finishes. Some
variations in the finish texture are even
available, such as the depth and degree of
scored surface textures. Unfortunately,
these modern variations do not approach
the almost limitless variations available to
craftsmen of hand-formed and pressed tiles
of the past. As a result, matching tradition-
al tile finishes, while keeping to reasonable
production costs and schedules, is often
difficult. Existing clay tiles may include
formed edges, tile color variations due to
antiquated firing techniques, or surface fin-
ishes that are no longer commonly used.

Manufacturers are often willing to vary
surface textures within the limits of their
production equipment, blend different tile
colors, or use special firing techniques that
introduce trace gasses or mists to produce
variation in finishes in an attempt to mimic
existing tile roofs. Some other features of
existing tiles, such as “battered” edges and
custom surface finishes, are more difficult
to procure in a cost-effective manner.
Generally, appearance options are limited
by budget, schedule, and the willingness
and capability of the manufacturer to mod-
ify its production equipment and process to
replicate traditional tile features with repro-
duction tiles.

4. OTHER CONSIDERATIONS
4.1 Hazardous Materials

Older clay tile installations frequently
include roofing cements or mastics contain-
ing asbestos fibers. Susceptible locations
include hips, ridges, and eaves where
roofers relied on cement to adhere tiles or to
provide a “finished” appearance to the roof.
Similarly, some roofing felts may include
asbestos. A discussion of hazardous materi-
als is beyond the scope of this paper. The
roof designer should consult a qualified
industrial hygienist and the building official
for the jurisdiction to specify appropriate
precautions and abatement procedures.

KNOWLEDGE

SSESSMENT

Test your knowledge of roof drainage with the
following questions, developed by Donald E.
Bush Sr., RRC, FRCI, PE, chairman of the RRC
Examination Development Subcommittee.

1.

Which factors must
be considered in the
design of roof
drainage systems for
steep-slope roofing
systems?

In sizing downspouts,
which considerations

apply?

In sizing gutters,
which considerations
apply for typical
section lengths of 8 -
10 feet?

The size of
rectangular gutters
depends on which
factors?

Which procedures are
used for scupper
sizing?

Reference: Architectural Sheet Metal

Manual — Fifth Edition

Answers on page 30
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Answers to questions from page 29:

Area to be drained
Size of gutters
Size of downspouts
Size of outlets
Slope of roof

Type of building
Appearance

Downspouts of less than 7.00 sq. in.
cross section should not be used
except for small areas such as
porches and canopies.

The size of the downspout should be
constant throughout its length.
Downspouts should be constructed
with conductor heads every 40 feet
to admit air and prevent vacuum.
Offset of more than 10 feet can
affect drainage capacity.

The gutter outlet capacity should
suit the downspout capacity.

The downspout size must suit the
bottom dimension of the gutter.
Gutter capacity and length.
Capacity of the inlet tube.
Potential for water freezing.
Appearance of downspout system.
The greater runoff rate of a pitched
gutter.

The downspout discharge location.
The risk of gutter overflow from
insufficient drainage capacity.

A scupper serving a designated roof
area.

Spacing and size of outlet opening.
Slope of the roof.

Style of gutters to be used.
Maximum length of gutters.
Gutter support capability.

Area to be drained.

Rainfall intensity per hour.
Length of gutter in feet.

Ratio of depth to width of gutter.

Determine the head of inches of
water (typically 1" minimum by code)
at a point six feet back from the
scupper opening.

Determine the roof drainage area in
square feet.

Using rainfall intensity in inches per
hour (IPH), determine the discharge
capacity in gallons per minute (GPM).
GPM equals S.F of roof area time IPH
times 0.0104. The constant is 7.48
gallons per cubic foot divided by 12
inches per foot divided by 60
minutes per hour.

4.2 Insect Infestation

Clay tile roofs, which typically include
large dry and concealed spaces, are notori-
ous as ideal habitats for several insect
species, including yellow jackets and hor-
nets. If the re-roofing project is undertaken
in the spring and summer when wasps are
most active, large swarms can injure work-
ers. If necessary, tile roof restoration pro-
jects should include procedures for han-
dling wasp infestations. One proactive man-
agement strategy entails baiting for wasps
in the early spring to limit the number of
“foundress queens,” wasps that go on to
establish nests and large colonies. Another
strategy is to seek out the “clusters” of dis-
placed wasps after roof removal during peri-
ods of inactivity between evening and morn-
ing to spray and eliminate them. Workers
should be prepared to encounter wasps
throughout the work and must make appro-
priate preparations for personal protection.

[

EDITOR’S NOTE: This article was originally present-
ed as part of the Proceedings of the RCI 2006
Symposium on Building Envelope Technology on
October 31,2006 in Washington, DC.

USEFUL REFERENCES

The following references are useful
when designing and installing clay tile
roofs:

Copper and Common Sense, published
by Revere Copper Products, Inc. This refer-
ence provides descriptions and illustrations
for many metal flashing conditions, includ-
ing eave flashings, expansion joints, valley
flashings, and gutters.

The Clay Tile Installation Manual,
published by Ludowici Roof Tile. This refer-
ence provides descriptions and illustrations
of clay tile installations for many common
tile types and includes recommendations
related to decking, underlayments, and fas-
tening.

The NRCA Roofing and Waterproof-
ing Manual, published by the National
Roofing Contractors Association. This refer-
ence provides descriptions of tile roofing
components, including clay tiles, with
installation recommendations and illustra-
tive figures.

Concrete and Clay Tile Installation
Manual for Moderate Climate Regions
and Concrete and Clay Tile Design Cri-
teria for Cold and Snow Regions, both
published by the Tile Roofing Institute
(www.tileroofing.org).

Nicholas A. Piteo

Nicholas A. Piteo is a senior engineer with Simpson Gumpertz
& Heger Inc. (SGH), a national design and consulting engi-
neering firm that designs, investigates, and rehabilitates
structures and building enclosures. Mr. Piteo has a breadth
of experience in the investigation, repair, design, and rehabil-
itation of building envelopes, with a specialization in mason-
ry. He has performed numerous facade and roof investiga-
tions, including clay tile roofing, for which he also provided
new designs. He received his Masters of Architectural

Engineering degree from Pennsylvania State University, where he won an award for best
structural thesis for his presentation on blast-resistant design of buildings.

Niklas W. Vigener, PE

Niklas W. Vigener, PE, is a principal with Simpson Gumpertz
& Heger Inc. He received his B.S. in civil engineering from
Clarkson University and his M.S. in structural engineering
from the University of California at Berkeley. Vigener is the
project manager on many of SGH’s most notable building
technology and historic preservation projects. He worked on
the rehabilitation of Yale University’s Sterling Memorial
Library and led the master plan condition assessment, his-
toric consultation, and design of comprehensive envelope

rehabilitation at the New York State Capitol Building. Mr. Vigener is also a lecturer in
the Department of Civil Engineering at Johns Hopkins University.
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This free information service is provided by
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CoMPILED BY KRISTEN AMMERMAN

+ Concrete files are made from a mixture
 of cement, sand, and pigments and

~ extruded into molds and then cured to

achieve their strength. S

Clay tiles are made from various

mixtures of clay and water and are

~then fired ot a high temperature fo

attain their strength and color.

Versatility of file allows profiles in flat
~ and barrel shapes as well as wood
~ and slate textures. SEaslae e el

o Flat files (also known as shingle tiles)
~ can overlap or _interlock to form

(pasqumade ”Q(; s | & di_s’tfin'_cti‘;u:f Fr'e_n_é:i-..: or "‘E_hglis‘l;:t'yl_el
“Wha 4 0d non ro ~ roofs, di erent from the traditional
GVeryo:,;hiol:al‘barians did:?::’;u'z‘ barbari,p fe::e,::::: t:e famous ~ Spanish, S :missibn:,'o'r barrel style.
worst d centuries of Urh, » the Barberinis djg~ arberinj  Color palettes offer an unlimited array

epredations of R rban’s responsibij; id”), remind; " of colors. s R : :

ome in re Ponsibility for ing T

cent times, one of the Many file manufacturers offer light-
" ~ weight tiles suitable for ‘re-roofing
Bill Thayer i '--Proie_d"s.f o G S A :

il Roﬁf_i'ng' |nstitﬁté_ _

¢ In Staudach, near Munich, a stationer:
named Adolf Kroher assembled sim-
ple equipment to make the first con-
crete tile mix in 1844, mixing sand
- with Portland cement (discovered two
years earlier in England). Kroher con-
tinued his experiments using different
“sand grading and different types of
“cement until he made a valid tile. In
1858, he established the first factory
-~ for production-und sale of concrete
tiles and cement products.

~ Copyright, ]| Tetto,” (the Roof),
' Consortium of Concrete Tile
Manufacturers
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Impress clients. Streamline data management.
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From data collection, to roof plans
and reports, Roof Express provides
an unparalleled business solution
to the roofing industry.

The Roof Express solution simplifies every step of your business work flow
by harnessing the power of digital technology with the simplicity of tools you
use everyday.

In the field, Roof Express combines a handheld personal digital assistant/
camera (PDA) with a portable Global Positioning System (GPS) unit to quickly
and accurately measure, inventory, photograph and record all rooftop
components and defects. Easily convert captured data for use in reports

and impress your customers with the system’s Roof Map Tool. Our full
service information management tool frees you up to focus on problem
(sample Roof Map) solving and bringing added value to your customers.

Roof Express is easy to learn, easy to use and aggressively supported to
ensure your competitive advantage. Simplifying data collection, visualization,
reporting and enhancing customer service are just some of the ways Roof
Express helps you help your customers better.

For more information about subscribing to the Roof Express service,
contact Leah Gayheart: Igayheart@roof-express.com.
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TiLE ROOFING INSTITUTE
EXPANDS aAnpD GROWS

he Tile Roofing Institute (TRI)
was formed in 1971 (originally
as the National Tile Roofing
Manufacturers  Association,
and later as the Roof Tile
Institute) to support the
advancement of concrete and clay
tile roof systems. As a non-profit
trade association, TRI devotes its
time to the technological, environ-
mental, and market advancement
of the tile roofing industry and
provides manufacturer members,
government entities, and building
professionals with research, testing, educa-
tion, training, and technical expertise. TRI’s
manufacturer members produce 95% of the
tile roofing installed in North America.
Through ongoing collaboration with
local and federal code bodies, TRI has
established standards and guidelines to
enhance the quality and installation of tile
roof systems. The organization was instru-
mental in assisting legislation to ban com-
bustible roofing materials in California and
has guided successful efforts to revise codes
for high-speed winds and to upgrade instal-
lation standards following the devastation
of Hurricane Andrew.

Formerly comprised mainly of tile roof-
ing manufacturers and related associate
producers, it has more recently expanded
its reach by increasing membership cate-
gories and adding a member contractor
database. Associate members include im-

I'NSTITUT

porters, suppliers, distributors, contrac-
tors, and those with a general interest in tile
roofing. The new contractor database
matches prospective tile roofing customers
with contractors in their area.

TRI has developed an Installer Certifica-
tion Program to impart the requisite knowl-
edge and industry guidelines to install con-
crete and clay roof tile. Its day-and-a-half
course is designed to enhance the knowl-
edge of individuals involved in the construc-
tion and installation of tile roofing systems
by teaching them material specifications,
roof preparation, tile installation, and spe-
cial conditions. The program is taught by

@]MERCU RY

TILE ROOFING

Rick Olson, technical director of TRI, with
more than 25 years’ experience in the tile
roofing industry. Rick acts as the technical
liaison for the industry and various code
bodies. He has also been instrumental in
the creation of TRI's installation guides,
research studies, and informa-
tional videos. Classes are often
taught in conjunction with other
industry professionals.

In November, TRI held its 2006
E TRI Fall Industry Forum at the Ro-

sen Shingle Creek resort in Orlan-

do (site of RCI’s upcoming 2007
convention), featuring exhibiting booths of
the leading manufacturers and suppliers of
tile roofing products and services. Forum
topics included an update from NRCA’s Bill
Good, one from the Institute of Building and
Home Safety, a FEMA overview, a discus-
sion on immigration issues, updates on cool
roofing and tile roofs, and more.

The Institute has published three
installation manuals for moderate climate,
cold weather, and high wind. For more
information about tile roofing, visit
www.tileroofing.org.

THE INDUSTRY'S ONLINE ROOFING AND WATERPROOFING RESOURCE

WWW.rci-mercury.com
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Infrared Roof Moisture Scans

High resolution short-wave FLIR Thermacam for accurate
scans on reflective surfaces.

Survey results marked on the roof surface and verified. Full
reports with CAD drawings on hard copy or via e-mail.

Infrared Inspections, Inc.

1-800-543-2279

DecemBER 2006



Page 35
Full Page Ad
4-Color
Siplast
“Terapo”

Pick-up from September 06, page 14
On CD that Chamblee has from 3/06.



UNDERLAYMENT “UPGRADES” THAT SOMETIMES AREN'T

elf-adhering, modified bitu-

men membranes are often

installed as continuous water-

proofing layers below steep-

roof systems to enhance

weather protection. Some-
times these “bullet-proof” roofs develop an
unexpected problem - condensation. This
article explains why and offers suggestions
on how to enhance weather protection and
reduce the risk of condensation.

This author acknowledges that self-
adhering “ice and water” type underlayment
membranes for steep roofing are useful in
the marketplace. He has personally speci-
fied their installation as part of steep-roof-
ing systems, including copper, slate, clay
tile, concrete tile, and asphalt shingles.
These products offer excellent waterproof-
ing, and some possess a “self-sealing” char-
acteristic around fastener penetrations.

They are particularly useful to protect
against ice dam conditions along eaves and
to help achieve weather protection at pene-
trations, complex transitions, and termina-
tions where rigid materials are inherently

By Philip D. Dregger, RRC, FRCI, PE

difficult to make weathertight on a long-
term basis.

A problem can be created, however,
when these products are installed without
considering how they might foster the
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Photos 1 (left) and 2 (above) - Steep
roofs without conventional attic spaces
(e.g., enclosed rafter spaces).
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potential for condensation.

Self-adhering, modified bitumen, sheet-
type products are waterproof and quite flex-
ible, but they are virtually impermeable to
water vapor transmission. The manufactur-
er of one of the “ice and water” type prod-
ucts publishes a “maximum” water vapor
transmission value of about 0.05 perms. In
contrast, “15-1b asphalt felt” underlayment
is listed in the ASHRAE Fundamentals
manual as having a water vapor transmis-
sion rate (permeance) of about 1.0 perms
(dry cup method) - or about 20 times more
vapor permeability than the “ice and water”
type product. Materials with perm ratings
below about 1.0 or 0.5 perms are usually
considered vapor retarders.

It is important to keep in mind that rec-
ommendations included in well-known
manuals such as Copper and Common
Sense by Revere Copper Products, Inc.;
Slate Roofs by Vermont Structural Slate
Co., Inc.; and Architectural Sheet Metal
Manual by Sheet Metal and Air Conditioning
Contractors National Association, Inc. dis-
cuss conventional felt underlayments but
are generally silent in regard to “ice and
water” type waterproof membranes, except
along eaves with potential ice dam condi-
tions.
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Photos 3 (left) and 4 (below) - Literally thousands of water droplets form on
the underside of a plywood and spaced sheathing roof deck despite
conventional attic eave vents on a project where a self-adhered membrane
underlayment was installed as part of a roof replacement project.

Shake Roof Replacement

During an investigation of “leaks”
reported the first winter after a wood-shake-
roof in the San Francisco Bay Area was re-
roofed with concrete tile, this author
observed literally thousands of water
droplets covering the underside of the roof
deck in the attic (see Photo 3). The owner
reported no leaks (condensation-related or
otherwise) from the previous wood shake
roof that had been installed over spaced
sheathing. The roofer reported that he had
installed new plywood throughout and had
even “upgraded” the underlayment from a
conventional #30 felt to a self-adhered,
modified bitumen membrane. Therefore, he
was convinced the leaks were not his prob-
lem.

Although attic venting was about 50% of
the code-required minimum, the old wood
shake roof installed over spaced sheathing
had been air- and water-vapor permeable
just enough to avoid noticeable condensa-
tion. Installation of new plywood sheathing
and a waterproof membrane changed this.
The new plywood and waterproof membrane

greatly increased the condensation-produc-
ing conditions by virtually eliminating any
water vapor migration and “supplemental”
attic air exchange that previously occurred
directly through the wood shakes.

It is important to recognize that “ice and
water’-type underlayment membranes are
excellent vapor retarders; as such, if they
are installed on the cold (exterior) side of the
ceiling insulation rather than on the warm
(interior) side, this can sometimes lead to
problems.

Other projects where this author has
observed very significant condensation con-
ditions created or at least contributed to by
the installation of self-adhering “ice and
water’-type waterproofing membranes
include several non-vented cathedral ceiling
assemblies and copper barrel-shaped roofs
(see Photo 5).

Condensation Basics

During the winter, the air inside a heat-
ed and occupied building typically has
water vapor (and vapor pressure) in
amounts well above that present in the air
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outside. This difference in
water vapor pressure works to
equalize itself by some of the
higher pressure interior water
vapor diffusing or migrating
outward through the walls
and ceilings. (It’s like air slow-
ly escaping from a balloon.) As
the water vapor migrates, it
also cools. And, if it cools to
its dewpoint, it will condense
on a surface of one of the
components within the roof or
wall assembly.

Figure 7 shows severe
deterioration caused by water
vapor migrating through the
ceiling of a laundry room and
condensing on “cold,” under-
side surfaces of a plywood
roof deck above enclosed and
insulated (but not vented)
rafter spaces in Minnesota.
Throughout the winter, water
vapor in the air in the laundry room (68°F,
50% RH) migrated upward and outward
through the gypsum board ceilings and into
rafter spaces filled with fiberglass batt insu-
lation and covered by the plywood roof
deck. Whenever the underside of the ply-
wood was at a temperature less than the
dewpoint of the water vapor in the air inside
the rafter spaces (for this example, assumed
to be about 49°F), it condensed. Eventually,
the plywood became wet enough (and warm
enough) to support growth of wood decay
fungi.
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Mold (A Fungus)

In addition to decay, toxins produced by
some molds have been linked to adverse
health conditions. Since, among other
things, mold requires moisture to grow, lim-
iting condensation-producing conditions
(including high-humidity) can help control
the growth of mold in roof and wall con-
structions.

Condensation in Steep Roof Assemblies
Unfortunately, the mechanics of con-
densation in many situations are more

Photos 5 (left) and 6 (below) -
Saturated plywood sheathing
below self-adhering membrane
underlayment in a non-vented
barrel roof with a standing seam
copper covering.

complicated than illustrated in the above
example. This is true for condensation in
many steep-roof assemblies, with and with-
out conventional attic spaces. (Note: Attic
venting helps control condensation in at
least two ways: first, by mixing moisture-
laden interior air that enters with drier out-
side air before it contacts a surface below its
dewpoint; and secondly, by facilitating dry-
ing of moisture that does condense on sur-
faces in the attic).

Condensation depends not only on how
temperature changes along the path of
water vapor migration, it also depends on
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Photos 7 (left) and 8 (below) - Severe
plywood deck deterioration with fungi
growth caused by condensation over a
laundry room in multi-family apartment
building.

how the water vapor pressure changes along this same path. In fact, if a vapor
retarding material is installed on the warm (interior) side and the other compo-
nents of a non-vented roof assembly are sufficiently vapor permeable toward
the cold (exterior) side, condensation will not occur, even though the “dewpoint”
temperature is reached (i.e., the dewpoint temperature as calculated from the
temperature and relative humidity of the interior air).

This is not so hard to believe when considering that the water vapor arriv-
ing at such a theoretical “dewpoint” location is “filtered” by each layer it pass-

2007 Symposium,
Building,Envelope,
Technology.

November 8 - 9, 2007
Seaport Hotel - Boston, MA
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es through. Each layer - especially the
vapor retarder layer — serves to hold back
some of the water vapor and then, at the
theoretical dewpoint location, the air and
water vapor mixture isn’t at a 100% satura-
tion level. (Note: The ability of some materi-
als to absorb water vapor is another reason
why many steep-roofing systems over wood-
frame construction in mild climates avoid
noticeable condensation, even though sim-
ple dewpoint calculations would suggest
otherwise.)

K E E P O N

Wall Cladding

Condensation considerations for walls
are similar to those for roofs. As with roofs,
if impermeable membranes are installed on
the cold side, excessive amounts of conden-
sation can sometimes accumulate and fuel
deterioration and fungi growth.

Re-Roofs

Consultants are often involved with re-
roofing over existing enclosed and insulated
rafter spaces that are not vented (e.g, vault-
ed or cathedral-type ceiling assemblies) or
over existing attic spaces that are minimally
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vented. Local building officials often do not
require upgrading to comply with current
code venting and vapor retarder require-
ments. If, in such cases, the new system
includes an impermeable membrane above
the deck, significant condensation condi-
tions can be inadvertently created where
they did not exist before.

Ventilation

When installation of a continuous
waterproofing membrane beneath a steep-
roof system is desired to enhance weather
protection as part of a reroof project, this
author strongly suggests checking and
enhancing existing roof ventilation, even if
not required by local codes. (Note: Also con-
sider asking the owner to confirm that all
flue, bath, and kitchen exhaust vents are
operational and discharge humid air and
combustion products (containing large
amounts of water vapor) to the outside - not
into attic areas.]

Non-Vented Assemblies

If the existing steep-roof assembly
includes enclosed and insulated rafter
spaces, and the reroof project does not or
cannot include ventilation between the roof
deck and the insulation, this author sug-
gests proceeding with caution or consider-
ing not proceeding at all. Installation of
insulation above the roof deck and installa-
tion of continuous vapor retarders on the
warm (interior) side would be, in this
author’s opinion, a prudent practice in such
cases in most climates.

Summary

Self-adhering, modified-bitumen mem-
branes can enhance weather protection
below steep-roof systems but can also inad-
vertently increase the risk of condensation
by serving as vapor retarders on the “cold”
side of roof/ceiling assemblies. Before spec-
ifying “ice and water” or other types of
impermeable membranes that will com-
pletely cover steep roofs, this author sug-
gests designers use caution and, as a mini-
mum, comply with code-stipulated venting
and vapor retarder requirements.

For steep roofs that do not have conven-
tional attics (e.g., enclosed and insulated
rafter spaces) or that have relatively high
interior humidity conditions, this author
suggests designers be conservative and, if
needed, consider retaining suitably quali-
fied individuals to consult regarding options
(e.g., framed ventilation spaces, above-deck
insulation, vapor retarders, mechanical
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ventilation systems, and interior humidity Phil Dregger, RRC, FRCI, PE
control systems) for controlling the accumu- ' ’ '
lation of condensation moisture. Phil Dregger, RRC, FRCI, PE, is president of Technical Roof
Future articles may address other impor- Services, Inc., a DNG Group Company, in Concord, Cali-
tant considerations such as interior air flow fornia, specializing in finding solutions to difficult building
into insulated and non-vented air spaces moisture problems. Phil received his Masters of Science
(e.g., through unsealed lighting fixtures), degree in civil engineering from the University of Minnesota in
complications associated with fire-control- 1978. He is a past director of RCI, a former faculty member
related “draft stops” and “wrap backs,” and of RIEIL, and serves as RCI’s representative to the Roofing
the potential benefits promised by the new Industry Committee on Weather Issues (RICOWI). Mr. Dregger
generation of watershedding, yet highly mois- has designed roof and waterproofing systems to meet the
ture-vapor-permeable underlayments. [& requirements of a wide variety of clients, including the University of California, SBC
Communications (formerly Pacific Bell), Kaiser Hospitals, Mervyn’s, and Disney. He has
EDITOR’S NOTE: This article is a revised investigated numerous roof and waterproofing problem conditions, including damages
version of an article of the same title sustained after major hurricanes and earthquakes. Phil is the author of several articles
originally published in Western Roofing, on roof technology and has lectured to industry groups, sharing lessons learned from
January/February 2001. Reprinted with his many investigations.
permission.

/
RooFING DEMAND TO EXPAND

ONLY 1%/YEeAR THRouGH 2010

U.S. roofing demand is projected to expand less than one percent per year through 2010 to 278 million square feet, with
value expected to rise to $14 billion. The nonresidential construction market will provide the best opportunity for gains in the
roofing industry, assisted by new office, commercial, institutional, and industrial segment expansion.

Among the various roofing materials, plastic and metal will see the fastest growth in the U.S. through 2010. Thermoplastic
polyolefin (TPO) and spray-applied roofing will continue to make inroads. Metal roofing will continue to increase in popularity
in commercial applications as well as residential markets, where metal panels, tiles, and shingles are being used as alterna-
tives to roofing tile and asphalt shingles.

In 2005, asphalt shingles accounted for nearly 70% of the total installed square footage and will maintain the lead position
through 2010. Demand for asphalt shingles will be constrained, however, by the weak outlook for new residential roofing.

Products designed to mimic asphalt shingles, roofing tiles, wood shakes and shingles, and slate will post gains, as will envi-
ronmentally friendly products such as recycled roofing materials and composite shingles.

U.S. RooFING DEMAND
(million squares)
% Annual Growth
2000 2005 2010 05/00 10/05
Total Roofing Demand 235.0 268.0 278.0 2.7 0.7
Asphalt Shingles 138.1 160.4 161.5 3.0 0.1
Bituminous Low-slope Roofing 343 345 36.0 0.1 0.9
Metal 18.5 19.9 23.0 1.5 29
Elastomeric 17.9 18.4 20.0 0.6 1.7
Other 26.2 34.8 37.5 5.8 [.5
\ FReeDONIA GROUP, INC.

~

Interface wants to know what projects consultants have seen or worked on that had the
MOST TREM EN DOUS most individual layers of tear-off. We want to find the thickest roof out there.The roof that

TOTAL TEAR'OFF wins the Princess and the Pea contest: layer after layer after layer after layer — and still, it
leaked! Send your experiences to Kristen Ammerman at kammerman@rci-online.org.
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Probuct SHOWCASE

TuffWrap

UNDERSTANDING THE VALUE
OF ROOF CONSULTING SERVICES

What You Really Ought to Know...

TuffWrap Installations Inc.
2080 Detwiler Road,
Harleysville, PA. 19438
215-256-6953 or 800-995-4556
Fax: 215-256-6311
sales@tuffwrap.net
www.tuffwrap.net

When it's obvious your customer needs
dust and debris control, who will you
call? If experience and reliability count,
then there is only one number to
remember: 800-995-4556. Tuff Wrap
Installations - drum-tight dust and
debris control. We install coast-to-
coast. See www.tuffwrap.net.

Easy and Cost-effective
Product Showcase
Advertising

It’s high impact and low cost. Just send
RCI a high-resolution (300 dpi), four-
color graphic, company information,
and a brief description on CD or by e-
mail. We’ll take your information and
format it for the Product Showcase
Page. Now you can advertise without
expensive layout/design costs.

Advertisement Information:

The Product Showcase Page appears
each month and features a maximum
of six products per page in full color. By
clearly displaying your company’s Web
and e-mail addresses, product show-
case ads prompt readers to learn
more.

Special rate: just
$300 per insertion!

For more information, contact
William Myers (800-828-1902) or
wmyers@rci-online.org.
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RCI, Inc.

1500 Sunday Drive, Suite 204
Raleigh, NC 27607
919-859-0742 or 800-828-1902
Fax: 919-859-1328
www.rci-online.org/pubs-specialoffers.htm

This 28-page, ad-free, full-color book- |

let is the perfect marketing piece to
promote the profession of roof consult-
ing to valued customers and potential
clients. Containing viewpoints by vari-
ous players in the industry, it provides
informational content to educate read-
ers on the value and nature of roof con-
sulting and the expertise and integrity
of RCI members.
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Cool Roofing -
Cutting Through the Glare

RCI Foundation
1500 Sunday Drive, Suite 204
Raleigh, NC 27607
919-859-0742 or 800-828-1902
rci-online.org
www.rci-online.org/order.htm

Couldn’t make it to the symposium?
Get the Proceedings! A compilation
of papers presented at the Cool
Roofing Symposium, May 12 and 13,
2005, in Atlanta, GA. Includes 18
papers in spiral-bound notebook and
on CD. For more information and to
order, visit rci-online.org.

Polyglass U.S.A., Inc.

Polyglass U.S.A., Inc.
150 Lyon Drive
Fernley, NV 89408
Phone: 775-575-6007
Fax: 775-575-2314
www.polyglass.com
customerservice@polyglass.com

Polyglass®, a worldwide leader in modi-
fied bitumen and waterproofing prod-
ucts, offers Polystick™ TU P, an under-
layment designed specifically for tile
roof applications. Manufactured using
Polyglass’ patented ADESO® Technology,
Polystick TU P is an SA self-adhesive
membrane that provides excellent ther-
mal stability at temperatures up to 260
degrees Fahrenheit, offering superior
flexibility for all weather conditions.

N
LOW-SLOPE
ROOF

' SYSTEMS

The Manual of Low-Slope Roof
Systems - 4th Edition

RCI, Inc.

1500 Sunday Drive, Suite 204
Raleigh, NC 27607
919-859-0742 or 800-828-1902
www.rci-online.org/order.htm

For decades, this manual, by Dick
Fricklas and C.W. Griffin, has been the
most widely respected guide to
designing and specifying low-slope
roof systems. This newly-released
fourth edition covers major advances
in design and materials, as well as
changes in building codes, and
reviews new procedures in inspection
and maintenance.
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ross domestic product, net

of inflation (real GDP), grew

at a seasonally adjusted

annual rate (SAAR) of 1.6%

in the third quarter, com-

pared to 2.6% in the second
quarter and 5.6% in the first, the Bureau of
Economic Analysis (BEA) reported. Real res-
idential fixed investment plunged 17.4% in
the third quarter, 11.1% in the second. Real
investment in private nonresidential struc-
tures rose 14% in the third quarter, 20% in
the second.

Construction as a share of GDP was
highest in faster-growing states: Nevada,
9.6% of GDP (real GDP growth of 9.0%);
Arizona, 7.2% share (growth of 9.1%)];
Montana, 6.4% share (growth of 5.2%). At
the low end, construction accounted for
3.2% of GDP in New York and 3.6% in
Connecticut.

Sales of new and existing houses in
September were each 14.2% below the
September 2005 rate, the government and
the National Association of Realtors report-
ed. The median sales price fell 9.7% for new
houses and 2.2% for existing houses.

Nonfatal workplace injuries and illness-
es occurred at a rate of 4.6 cases per 100

44 e |NTERFACE

By Ken Simonson

equivalent full-time workers among private
industry employers in 2005, down from 4.8
cases in 2004 and 5.0 in 2003, the Bureau
of Labor Statistics (BLS) reported on
October 19. In construction, the rate fell to
6.3 in 2005 from 6.4 in 2004 and 6.8 in
2003. BLS noted, “Specialty trade contrac-
tors...accounted for the majority of both
employment (64%) and of injury and illness
cases (68%)....Within specialty trade con-
tractors, workers employed in foundation,
structure, and building exterior [work]
reported the highest rate in 2005 at 8.5
cases per 100 workers. Of the eight indus-
tries within [that trade], rates ranged from
6.8...for masonry contractors...to 13.4...for
framing contractors.”

Diesel fuel and natural gas prices are
likely to be lower this winter than last,
according to the Short-Term Energy and
Winter Fuels Outlook that the Energy
Information Administration (EIA) released
in October.

The Bureau of Labor Statistics revised
up its estimates for August (for the second
time) and September, and reported that the
unemployment rate, which is based on a
separate survey, fell to a 5-1/2 year low of
4.4%, from 4.6% in September.

This series on the
economy and its
impact on the
construction in-
dustry is pub-
lished monthly in
Interface. This
month’s column
was prepared by
Kenneth D.
Simonson, chief
economist for the
Associated General Contractors of America
(AGC). Before joining AGC, Simonson spent
three years as senior economic advisor in
the Office of Advocacy of the U.S. Small
Business Administration and 13 years as
vice president and chief economist of the
American Trucking Association. Simonson
may be reached at simonsonk@agc.org.

Ken Simonson
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FIRESTONE PURCHASES GENFLEX

Firestone Building Products Company, a
division of BFS Diversified Products LLC,
purchased GenFlex Building Products, a
division of chemicals maker Omnova
Solutions Inc. GenFlex was comprised of
100 employees and had been in operation
since 1980. The total cash value of the
transaction was approximately $40 million.
Firestone will acquire a manufacturing
plant in Tuscumbia/Muscle Shoals, Ala., a
warehouse in Columbus, Ohio, and the
GenFlex headquarters office in Maumee,
Ohio. GenFlex Building Products will oper-
ate as an independent business unit to be
called GenFlex Roofing Systems.

CARLISLE INTRODUCES FLEXPHALT TWF

Carlisle Coatings & Waterproofing (CCW)
introduces Flexphalt TWF for superior
moisture protection in diverse wall flashing
applications, especially masonry through-
wall flashing. Flexphalt TWF is a 40-mil
flashing membrane, which consists of an 8-
mil, multi-layered polymeric film over 32
mils of rubberized asphalt adhesive. This
flexible membrane is available in four
widths. For more information, visit
www.carlisle-ccw.com

SLATEDIRECT IS SoLD

ElkCorp’s (NYSE: ELK) subsidiary, Elk Slate
Products, Inc., announced it has completed
the acquisition of SlateDirect, L.P., a pri-
vately-held manufacturer of TruSlate™, a
patented slate roofing system. The compa-
ny intends to continue operations at the
SlateDirect facilities in San Antonio.

SELECTBUILD ACQUIRES WILLIS ROOF
CONSULTING

Building Materials Holding Corporation
announced that its subsidiary, SelectBuild
Construction, has signed a letter of intent to
acquire the assets and operations of Willis
Roof Consulting Inc. Willis provides roofing
services for high-volume production home-
builders in the greater Las Vegas, Nevada
market. Willis will be folded into
SelectBuild’s Las Vegas Division and will do
business as SelectBuild.

DecemBer 2006

MRCA ELects NEw OFFICERS

The Midwest Roofing Contractors
Association (MRCA) has announced a new
slate of officers and directors for the 2007
year. New officers are President Kurt
Steinkuhler, Geo Groh & Sons, Inc.,
Emporia, Kansas; First Vice President Rod
Petrick, Ridgeworth Roofing Co., Inc.,
Bridgeview, Illinois; Second Vice President
John Daly, Kaw Roofing & Sheet Metal, Inc.,
Kansas City, Kansas; and Ronnie McGloth-
lin, Empire Roofing, Inc., Forth Worth,
Texas. Four new directors include Kevin
Gwaltney, Diamond Roofing, Dodge City,
Kansas; John Turner, J. B. Turner & Sons
Roofing and Sheet Metal, Topeka, Kansas;
Joe Hall, Hall Commercial, Inc., Arlington,
Texas; and Tom Miller, The Zero Company,
Louisville, Kentucky.

RicHARD CRAMER NEwW SMACNA
PRESIDENT

Richard J. Cramer Sr. of Dee Cramer Inc.,
Holly, Michigan, was elected president of
the board of directors of the Sheet Metal
and Air Conditioning Contractors’ National
Association (SMACNA) Board of Directors.
Elected president-elect was Ronald J.
Palmerick, AABCO Sheet Metal Co.,
Ridgewood, NY. Keith Wilson is immediate
past president.

More
Industry News
on page 46

RCI CLASSIFIEDS

CARLISLE

© A:nzmcn For.OVER' A O)VEnRS)

A,
Carlisle SynTec Incorporated, a worldwide leader in
single-ply roofing technology, has openings for sales
positions nationwide. Join the Carlisle SynTec team and
experience rewarding opportunities and growth in the
roofing industry.

The position involves managing and directing the sales
efforts of the regional manufacturer’s representatives
and distributors, promoting Carlisle to all levels of the
rep/distributor organization. Must be confident calling
a wide range of contacts in the industry to manage and
grow the business

Managing, supervising and directing Carlisle sales efforts
is essential; strong sales support is necessary. Calling on
building owners, architects and consultants to develop
Carlisle specifications; educate them about Carlisle’s
various systems and products. Must interface with other
company departments to achieve sales objectives.

Candidates must possess a bachelor’s degree, 5 years of
sales experience in roofing/construction industry, 3 years
experience with single-ply roofing products, 2 years expe-
rience in management.

Carlisle SynTec Incorporated offers a competitive

benefits package. For information about positions with
Carlisle SynTec Incorporated, visit the Web site at www.
carlisle-syntec.com.

Please send or email your resume to:
Carlisle SynTec Incorporated
P.0. Box 7000  Carlisle, PA 17013
k OHANDLY @syntec.carlisle.com J

Find more classified ads online at:
www.rci-online.org/mem-rcitems.htm

CARLISLE

.A:IIERICA FOROVERZO)VENRS)

FIELD SERVICE
REPRESENTATIVE

Carlisle SynTec Incorporated, a worldwide leader
in single-ply roofing technology, has openings for
Field Service Representatives. If you are interested
in exploring new opportunities and growing with

a reputable corporation, join Carlisle SynTec
Incorporated’s dedicated team.

Applicants must possess excellent communication
skills to provide authorized roofing applicators with
technical assistance and conduct final inspections
of commercial roofing projects. Some overnight
travel required.

A bachelor’s or associate’s degree and 2 years
roofing/construction experience, or equivalent of 4
years roofing/construction experience is required.
Basic computer skills are necessary.

Carlisle SynTec Incorporated offers a competitive
benefits package, including 401k, medical/den-
tal/prescription drug, life insurance, flex spending,
holiday and vacation pay. For information about
positions with Carlisle SynTec Incorporated, visit
the Web site at www.carlisle-syntec.com.

Please send or email your resume to:

Carlisle SynTec Incorporated
P.0. Box 7000
Carlisle, PA 17013
k OHANDLY@syntec.carlisle.com J
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PLy GeEM Buys ALcoA HOME EXTERIORS

Aluminum maker Alcoa Inc. has agreed to
sell its home exterior business to Ply Gem
Industries, a U.S. manufacturer of new con-
struction or do-it-yourself renovation prod-
ucts, for $305 million in cash. Alcoa Home
Exteriors, which makes vinyl and alu-
minum siding, has 1,400 employees and
posted $600 million in revenue for 2005. Its
manufacturing facilities are located in
Atlanta, Ga.; Denison, Texas; Gaffney, S.C.;
Sidney, Ohio; and Stuarts Draft, Virginia.

WiNDOW-WALL INTERFACE STP

STP 1484, Performance and Durability of
Window-Wall Interface, is now available for
purchase from ASTM International. The
book offers new research, testing data, and
material about the creation of installation
standards that attempt to identify installa-
tion methods and construction sequencing
that integrate fenestration products into
wall claddings. For information, visit
www.astm.org.

MEeTAL-ERA IMPROVES ARCHED COPING

Metal-Era Inc. introduces a new version of
its popular Arched Coping: Snap-On
Arched Coping. The invention uses con-
cealed anchor clips with dual springs,
eliminating the need for exposed fasteners
and making for an attractive and aestheti-
cally clean arched appearance. Print
approvals and installation instructions for
Snap-On Arched Coping and its endcaps
can be found on Metal-Era’s website,
www.metalera.com.

W]JE PURCHASES EDIS OLIVER

Wiss, Janney, Elstner Associates, Inc.,
headquartered in Northbrook, Illinois, has
purchased the assets of Edis Oliver &
Associates, Austin, Texas. All of the profes-
sional and technical staff at Edis Oliver
have accepted employment with WJE.
WJE’s field of expertise is material and
structural failure analysis, analysis of
building envelopes, and moisture infiltra-
tion of all types.
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W.P. HickMAN EARNS FIrsT UL ES-I
CLASSIFICATION

W.P. Hickman Co. received Underwriters
Laboratory’s first ES-1 classification under
the new UL evaluation program for roof
edge systems. The program incorporates the
ANSI/SPRI ES-1 roof edge system wind
resistance testing protocols.

BERGER ACQUIRES M.). MULLANE

Berger Building Products, Inc., has
acquired M.J. Mullane Company, Inc. The
Mullane line of products for slate, shake,
shingle, and metal roof surfaces will
enhance Berger’s already extensive offering
of snow retention products. Berger will
offer these products in bronze, copper,
lead-coated copper, aluminum, and poly-
carbonate. Berger has been in business
since 1874. For more information, visit
www.bergerbros.com.

CMG RELOCATES

Coated Metals Group (CMG) and its sub-
sidiary, Architectural Metals Inc. (AMI),
both formerly located in Madison, Wis-
consin, have relocated to a new facility at
300 Yard Drive, Verona, Wisconsin. The
company maintains locations in Indiana-
polis and Denver. For more information,
visit www.cmgmetals.com.

NRF AND ROOFING INDUSTRY ALLIANCE
FOR PROGRESS MERGE

The National Roofing Foundation’s (NRF’s)
board of trustees and The Roofing Industry
Alliance for Progress’ Steering Committee
have combined to form one board. NRF, an
educational and research organization of the
NRCA; and The Roofing Industry Alliance for
Progress, which was established within NRF
to create an endowment fund and provide
guidance and direction for NRF; will do busi-
ness as The Roofing Industry Alliance for
Progress. NRF will remain a legal corpora-
tion but do business as the alliance. For
more information, contact Bennett Judson,
the alliance’s executive director, at (800)
323-9545, Ext. 7513, or e-mail bjudson@
nationalroofingfoundation.net.
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CATENDAR"OF EVENTS

DECEMBER 2006

1

1

1

2

2-3

6

6-7

6

7-8

9

11-14

Calendar subject to change without prior notice.

Visit www.rci-online.org for schedule updates.

Black print: INDUSTRY EVENTS
Red print:  RCI EVENTS
Green print: RCI-AFFLIATED CHAPTER OR REGION EVENTS
Blue print: NON STAFF-INSTRUCTED RCI CLASS
18-19  Chicago Roofing Contractors
RRO Exam Assoc. Conf.
Downey, CA Oak Brook, IL
Region I Meeting 22-23  Region IV Meeting - Winter
Poughkeepsie, NY Technical Program
Ohio Valley Chapter Meeting Honolulu, HI
TBD 23-24  Roof Technology & Science 1
RRC & RWC applications due for Chicago, IL
3/2/07 exams 25-26  Roof Technology & Science I
Exec. Committee Winter Meeting Chicago, IL
Orlando, FL Delivered by Chicago Chapter
RRO applications due for Info: www.cac-rci.org
1/20/07 exam 30-31 Wind and Drainage

Ecobuild Federal 2006

Info: ecobuildfederal.com

Roof Asset Management

Atlanta, GA

Rooftop Quality Assurance

Atlanta, GA

RRO Exam

Atlanta, GA

China International Exhibit on
Roofing & Waterproofing

Beijing, China

Info: 847-299-9070, Ext. 7586

JANUARY 2007

14

15

16

18-19

20

17

RRO applications due for 3/2/07
Exam

RRC Review & Update

Seattle, WA

Advanced Thermal and Moisture

Seattle, WA

Rooftop Quality Assurance

Seattle, WA

RRO Exam (applications due
12/6/06)

Seattle, WA

Region III - Chicago Area Chapter
Meeting

Oak Brook, IL

San Diego, CA

FEBRUARY 2007

1-2

3

7-10

19

Professional Roof Consulting

San Diego, CA

RRC Exam (applications due
11/3/06)

San Diego, CA

National Home Builders

Orlando, FL

Great Lakes Chapter Meeting

Detroit, MI

RRC applications due for
5/19/07 exam

MARCH 2007

1-6

1&6

RCI Convention & Trade Show
Orlando, FL

Info: www.rci-online.org

RCI Board of Directors Meeting
Orlando, FL

RRO, RRC, & RWC Exams
Orlando, FL

(RRC & RWC applications due
12/2/06 & RRO applications due
1/16/07)

Region Meetings

Orlando, FL

*A completed application must be received by
Headquarters 90 days prior to sitting for an exam.

§) RCI Annual Meeting of the
Members
Orlando, FL
6-8 NRCA Convention & Roofing Expo
Las Vegas, NV
Info: www.theroofingexpo.com
APRIL 2007
o Humber College
Etobicoke, ON
10-11  Roofing Technology and Science I
San Antonio, TX
12-13  Roofing Technology and Science II
San Antonio, TX
26 SPRI Wind Design Meeting
Dallas, TX
Info: www.spri.org
27 Region III Meeting
Dallas, TX
27 Region I Meeting
Mt. Laurel, NJ
29-2 Greening Rooftops for Sustainable
Cities
Minneapolis, MN
Info: www.greenroofs.org
MAY 2007
3-5 AIA Convention
San Antonio, TX
9 RRO applications due for
6/23/07 exam
15-16  Professional Roof Consulting
New Orleans, LA
17-18  Wind and Drainage
New Orleans, LA
25 RWC applications due for

8/25/07 exam

A complete 2007 calendar will run in
the January 2007 issue of Interface.

[ NRCA
DESIGN
AWARDS
 PROGRAM

The National Roofing Contractors Association (NRCA) has announced a call for entries for its 2007
SpecRight Excellence in Design Awards program. The award honors long-lasting, energy-efficient,
and environmentally friendly roof systems designed according to industry practices. Architects, spec-
ifiers, roof consultants, and roofing contractors who are responsible for the design of a nominated
roof system are eligible to apply. Nominated roof systems must have been designed and installed after
Jan. 1, 2004. The deadline for entries is Dec. 18. The winner will receive a $2,500 cash prize.

For an official entry form, visit www.specright.net. For more information, contact Ambika
Puniani Bailey at (800) 323-9545, Ext. 7555, or e-mail abailey@nrca.net.

J
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TRICKS OF THE IRADE

A Rapid, Qualitative, Non-Destructive
Test for Measuring Adhesion of Fully
Adhered Single-Ply Membranes

Something Else to Do with a “PLUNGER

Wictiam RuseL, RRC
AND
WiLLiam Kirn, RRC

DON’T MISS

When inspecting a fully adhered, single-ply membrane roof, samples are often cut from the roof
to determine the degree of adhesion of the membrane to the underlying substrate. However, like all
sample evaluations, these data represent only a very small percentage of the actual membrane adhe-
sion. The actual membrane adhesion over the vast majority of the roof still remains unknown.
Sampling is also a destructive test, where the membrane must be patched to restore watertight
integrity.

Here’s an easy-to-use method to qualitatively determine the adhesion of the membrane. All that
is needed is a “plumber’s helper” (a/k/a, toilet drain plunger) and some cooperation from the weath-
er in the form of a heavy dew or recent rainfall.

With the roof surface wetted by rain, overnight dew, or a garden hose, merely push the plunger
down onto the roof so that the suction force holds the plunger to the roof membrane; then pull up.
If the membrane is well adhered, it will not “lift up” when upward pressure is applied. If the mem-
brane is not well bonded, the membrane will form a “tent” as it is lifted up. This test can be rapidly
repeated many times as the inspector walks the entire roof. Unadhered areas can then be marked for
subsequent repair.

the (occasional) upcoming articles in “Tricks of the Trade for RCI Consultants.”
A few upcoming “tricks”:

* How a spatula for icing pastry can help evaluate and repair a shingle roof.
*  How a “Wonderbar” can prevent falls.

* _How far will a dollar go?

Please submit your own “Tricks of the Trade for RCI Consultants” to Kristen Ammerman at kammerman@rci-online.org.
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