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Introducing A Thermal-Value
Benchmark So Rigorous, @
So Tough, So Exacting

It Will Simplify Roofing

Insulation Decisions

Forever.

The PIMA Quality Mark®™ is the mark of value and confidence for polyiso insulation
that meets the high performance requirements for Long Term Thermal Resistance
(LTTR) R-values. Administered by FM Global, this third-party certification program is
rigorous, comprehensive and ongoing. Now, specifying and purchasing polyiso roof
insulation is easier than ever. The advantages are many —

* Highest thermal value per inch

* Wide range of FM and UL approvals

e Compatible with all roof systems PIMA

Polyisocyanurate

e Environmentally responsible Tl o B

Association

Get more information and a current list of Quality Mark
certified manufacturers and products at www.pima.org.
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I PRESIDENT’S MIESSAGE

GRAND OPPORTUNITIES:

A iz POWER or THREE

Do you ever
catch  yourself
reflecting on your
past and imagin-
ing the future?
You know - like
those moments
when you wake
up before the
alarm goes off or
when you're sit-
ting in a waiting
room for an
appointment
with nothing else
to do? I know it
happens  quite
often for me.
Perhaps it is an
age thing - who
knows? It’s at these times that I think about where I have been in
my life, where I am headed, and how blessed I am to be where [ am
today. I feel very fortunate to be living a rewarding life.

Over the years, I have developed several life-lesson tenets. One
of them is what I call the Power of Three and it goes like this. Within
our adult life, fate will deliver each of us three chances to seize a
grand opportunity for personal, professional, or spiritual growth.
Don’t ask me where I got three — I'm not really sure. But it is a num-
ber I believe in for myself. For a long time, [ thought I had been
granted my three grand opportunities and was proud to say I had
seized two of the three. I figured, “That isn’t too bad, I only missed
one out of three and even that one [ didn’t miss entirely.” But [ have
to admit, [ wished I had more than three. I was certain I knew what
my three were, when they had presented themselves, and what I did
with each one. I was a bit depressed about my theory and the
thought I had already used up my three. For a long time, I found
some peace in thinking my theory might be flawed. Perhaps we get
five or nine or 27?

2 ¢ Interface

However, thinking I was wrong about my theory was not some-
thing I wanted to embrace either. Then it occurred to me. My theo-
ry wasn’t wrong; my math was. Now [ have a newly revised theory
on this subject and the significance of “three.” Opportunities are
everywhere and unlimited. Some we recognize; some we miss. But
when we do recognize an opportunity and seize it for grand results,
three more opportunities present themselves. It is as though life
has its own multi-level marketing plan (pyramid scheme) for us -
the Power of Three.

[ recently left a cherished business partnership that [ helped
create in 1986. It was one of the most difficult things I have ever
done. I maintain a deep admiration for my partners and will always
appreciate the chance they took on a 28-year-old draftsman who
didn’t have a clue about running a business. For years, being a part
of that partnership was what I saw as one of the three grand oppor-
tunities that [ was fortunate enough to seize. With my new theory,
[ can also look back and see it was an opportunity to prepare myself
for my own new business venture, develop my speaking skills, and
afford me the time to be involved in RCI. There’s that Power of Three
again.

One blessing that [ can trace back through my own Power of
Three path with RCI involvement is the opportunity to be president.
Now that the time has arrived for me to step into this role, [ can look
back and see how a combination of seized opportunities put me
here. Years from now, [ am confident I will look back at this year as
president with fond memories. I appreciate the confidence you have
given me and look forward to seizing the Power of Three for the cur-
rent and future success of RCL

This year’s for you, Mike!

Luther C. Mock, RRC,

President
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Re: February 2004 Interface article, “Rooftop
Gardens”

Dear Sirs:

p [ appreciate the time and effort it took Karen
¢ Liuto test for and report on the advantages of the
heat gain or loss and the water
runoff in green roofs. All of
these facts should be a no-
brainer to a qualified archi-
tect or roofing consultant.
Everyone I have seen who
has written articles on
green roofs is only review-
ing the energy and water
retainer points of green
roofs.

[ have been in the roofing
field now for 54 years. I com-
pleted green roofs as a roof-
ing contractor 30 or 40 years
ago. [ feel before any green roof design should be considered, you
must first review the expense and what will happen when and if
there is a failure in the system. As [ reviewed Figure I on page 5
showing the green roof, I surely would not recommend this design
because I know it will fail in a very short time. The total expense to
remove the dirt and planting and complete the waterproofing appli-
cation correctly should cost the owners or probably the roofing con-
tractor over ten times what the green roof cost to install.

[ believe the first step in a correct green roof application is to
find out if the owner wants to spend the huge extra amount of
money to install a green roof. I have seen contractors go broke after
installing a green roof as shown in page 5. The following items are
of more importance than the energy savings or the water retention
or run-off.

A. The only deck type that should be used for a green roof is a

solid concrete pour including the walls in the same pour.
This will require a lot of extra money for the supporting
members under the deck, which should have already been
specified with any green roof.

B. The membrane cannot be installed anywhere but over and
attached to the deck, not over any type of insulation. Once
the dirt is put in the green roof area, the defection could
break, crack, or damage the new membrane if it is installed
over the top of any type of insulation. I feel Pittsburgh
Corning Foamglass is the worst insulation type to use in
this type of application.

C. On page 6, it states that a 2-ply modified bituminous water-
proofing (roofing) was installed. This, like a lot of other types
of membrane, should not be used. If you check the manu-
facturer’s specifications on these products, [ believe you will
find they do not allow this type of material to be installed in
planters or covered. I have been hired by a major manufac-

FORMANCE OF
(74 ks
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b/ By Karen LV, Ph.O,

ENGINEERING RER
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LETTERS TO RCI I

turer of torched-down materials and I found that some mod-

ified material actually takes in moisture. I have seen mois-

ture running through the center of some modified cap
sheets, and this causes the sheet to rot from the inside out.

D. The membrane should only be a proven and tested liquid
type installed in three applications.

1. The first application of the waterproofing should include
repairing holes and pits in the deck, priming only the
areas of the walls and any cracks and installing a water-
proofing plus a rubber-type material over these cracked
areas, including the walls.

2. After this application dries, prime the rest of the area
that has not been repaired and install the first applica-
tion of the liquid or heated waterproofing on the com-
plete area, including the walls and the deck.

3. Install the second full waterproofing over the complete
area, including the walls.

4. No one should work or walk over the surface until the
waterproofing has been protected with VisQueen and at
least a 1/8th-inch protection course. A water test can be
completed if specified.

5. This completed waterproofing should never be left
exposed to work over or walked on. It must be covered
just as fast as possible once it is water tested.

Green roofs are nothing new. They have been installed for many
years. If the total green roof system is not installed correctly and in
the correct method, it cannot work. The cost to repair or replace is
very high. No sun can touch any part of the total waterproofing sys-
tem, including the walls or curbs.

All penetration flashings must go to the surface and be bent
over above ground level for them to work correctly.

Sincerely,

Lawrence T. Musil

Interbay Roof Inspection Consultants
Bothell, WA

AUTHOR’S RESPONSE:

Dear MNr. MNusil:

Thank you for sharing your experience with green roof installa-
tion in your letter. I appreciate your comments and I will try to
address some of your concerns:

“As I reviewed Figure 1 on page 5 showing the green roof, I sure-
ly would not recommend this design because I know it will fail in a
very short time.”

The figure is not a design drawing; it is simply intended to

give an idea on the various components in the Reference
and Green Roofs. The Reference Roof is a typical conven-

Interface ¢ 5
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tional roof design in Canada. The Green Roof is a commer-
cially available system and was installed according to the
manufacturer’s specifications by a professional roofing con-
tractor. The roof has been in service for slightly over three
years and we did not experience any problem or any sign of
premature failure.

“The only deck type that should be used for a green roof is a solid
concrete pour including the walls in the same pour.”

In North America, many people view green roofs as roof ter-
races where there are trees and planter boxes full of flowers,
perhaps beside some lounge chairs and a swimming pool;
for example, the roof gardens on New York’s Rockefeller
Center and San Francisco’s Union Square, which were built
40-50 years ago. Many such examples can be found in T.
Osmundson’s Roof Gardens - History, Design, and Construc-

installed on a 3" galvanized steel roof deck (see p.35 of the
same Interface issue).

“The membrane can not be installed anywhere but over and
attached to the deck, not over any type of insulation.”

Water-saturated soil is heavy and may create deflection of
membrane over flexible insulation in intensive systems, but
is not a major concern for extensive systems due to the light
system weight. Also, fiberboard can be placed on top of the
insulation to help distribute the load. For example, on the
Ford Rouge Center green roof, Siplast’s 2-ply modified bitu-
men was installed on 2" ISO with a perlite top board. In fact,
“floating” of extruded polystyrene can sometimes become a
problem for extensive systems installed over protected mem-
brane systems (see p. 31 of the same Interface issue).

tion. These terrace roofs usually consist of a few feet of soil, “On page 6, it states that a 2-ply modified bituminous water-
weighing over 150 psf. Because of the heavy weight, they are  proofing (roofing) was installed. This, like a lot other types of mem-
usually installed on concrete decks. These are called inten-  brane, should not be used.”

sive green roofs.

In Europe, lightweight systems that are called extensive
green roofs are more common. They consist of 3 to 6" of
lightweight growing medium and weigh only 25-60 psf when
fully saturated. They contain small plants that are hardy
and self-generating, such as grasses, sedums, and wild
flowers. Because of their light weight, they are usually
installed on steel decks and wood decks (houses). For exam-
ple, the XeroFlor green roof system (developed in Germany)

Modified bituminous systems are commonly used in
Germany on green roofs with a good performance track
record. In North America, many major manufacturers (e.g.,
Soprema, Siplast, and Garland) provide warranties on their
modified bituminous roofing membranes to be used on
green roofs. Waterproofing may be preferred for flat roofs,
but as long as positive drainage is provided and water is
allowed to flow freely away from the membrane, moisture
infiltration should not be a problem.

on Ford’s Rouge Center consists of sedum planted in 4" top- Sincerely,

soil, with a saturated weight of only 25 psf, and was Karen Liu
National Research Council Canada
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PROJECT PROFILE]

St. Peter Lutheran Church

ROOF (OR WALL)
RETROFIT PROJECT

By Luther C. Mock, RRC

of the rural farm in which I grew up and where I live

today. I have many memories of driving by it during my
youth and admiring the unique A-frame design. It rises above
the corn and soybean fields and can be seen for miles from the
northeast Indiana flatlands.

The 23:12 slope structure of the building is built from
8-inch-thick, 8-foot wide precast concrete slabs. They are
anchored at the base of a precast concrete floor slab and nest-
ed at the ridge with complicated-shaped, precast concrete key-
ways. The gross floor area is approximately 5,000 sq. ft., and
the roof surface is roughly 11,000 sq. ft. The concrete design
was inspired by the availability of specially designed compo-
nents that could be made at a nearby precast plant.

The original architect designed a 6-inch continuous win-
dow inset that profiles the A-frame shape by staggering the
concreted slabs at 14 inches. The inset window detail (skylight)

s t. Peter Lutheran Church is located just five miles south

consists of a 1 x 1-3/4-inch aluminum glazing stop and a
translucent 1/4-inch acrylic sheet. Southern sun exposure
creates an impressive, rich blue light in the church sanctuary.

In the summer of 2000, the congregation contacted me to
design a new roof system. They reported they had endured roof
leaks on the facility since its construction in 1970. The origi-
nal roof covering was sprayed polyurethane foam (SPF) with an
acrylic coating. A few years later, the original SPF was covered
with 8-foot-wide fiberglass panels designed and formed specif-
ically for the unique profile of the roof. This system also pro-
vided minimal success from water infiltration - primarily at the
glazing detail. The 14-inch depression of every other concrete
panel, coupled with the depth of both the SPF and the fiber-
glass covering, created a natural waterway against the sky-
light.

Early in the project, there was a lot of discussion about
keeping or abandoning the 6-inch light detail. We were confi-




dent a watertight detail could be designed for the skylight. But
it would certainly be less costly if these were removed and cov-
ered over. Abandoning the skylights would not only cost less,
it would eliminate air infiltration and heat loss.

The primary design criteria for the roof-covering choice
were low-maintenance, aesthetics, and long-term perfor-
mance. The church project committee was willing to invest in
a higher initial cost to realize these preferences. In order to
identify the true cost of saving the skylights, we designed the
reroofing project as Option A (keep the skylights) and Option B
(abandon the skylights). When all the options were considered,
a standing-seam metal roof covering was chosen. The low bid-
der for Option A was $228,800 and Option B was $168,800.
Keeping the skylights would be a $60,000 (36%) premium. The
congregation felt strongly about keeping the skylights and their
powerful effect the blue light has on the interior space; there-
fore, Option A was chosen.

It was felt that the staggered concrete roof slabs of the orig-
inal design created a pleasing exterior effect. However, it also
created hundreds of linear feet of flashings that increased cost
and water infiltration vulnerability. The project team chose to

PROJECT PROFILE

eliminate the staggered panel effect for the value of less flash-
ings and cost savings. But the choice to change the roof into a
flat plane created new challenges to maintaining the interior,
natural light effect of the skylights.

The retrofit design includes 1-1/4-inch structural steel
members that run perpendicular to the slope at 5 feet, center-
to-center. They span over the 14-inch depressed concrete pan-

Removal of 8-foot-wide fiberglass panels and exposure of
original sprayed polyurethane foam roof.

Interface o
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els and are supported by 2-1/2-inch post supports. A 1'-1"  were extended above the surface of the new metal roof cover-
inside dimension light trough was created with wood blocking ing to act as a curb for a new skylight assembly. The inside
adjacent to the 6-inch-deep light inset. The walls of the trough  surfaces of the light trough were painted white to maximize
light reflectivity.

The skylight covering had to be virtually maintenance free
and have high impact resistance like the metal panel. In addi-
tion, the skylight covering had to offer some insulating quali-
ties and be fabricated to fit the project dimensions. A
translucent, fiberglass-reinforced sandwich panel with high
insulating qualities was chosen. The product has the unique
ability to fill a space with uniform, usable, natural daylight -
even on cloudy, dark days. The face of the sandwich panel has
millions of prismatic glass fibers that refract sunshine.

The prior roof systems included minimal insulation -
approximately 1-1/2-inches of SPF. The installation of the
spanning members offered the opportunity to upgrade the
thermal resistance of the assembly. Blanket fiberglass insula-
tion fills the cavities of both levels of the concrete panel.

The previous ridge was approximately 36 inches across on
a horizontal plane, which is too wide for the new manufactur-

View of translucent, fiberglass-reinforced
sandwich panel for interior light penetration.

May 2004



er’s standard ridge detail. A small
wood truss structure with ply-
wood sheathing was designed
that effectively raised the height
of the building by six feet. The
space in the cavity is uninsulated
and vented with a triangular lou-
ver at each end.

The roof system qualified for
a 20-year, no dollar-limit war-
ranty for both product and
workmanship. The congregation
chose to purchase the warranty
but there have been no leaks in
the four years since the system
has been installed. Not only
has the congregation enjoyed a
leak-free building, but also a
40-50% reduction in heating
bills. The metal roof system
manufacturer, skylight prod-
uct manufacturer, general
contractor, and specialty con-
tractors were extremely sensi-
tive to the unique demands of
this project and delivered

|

PROJECT PROFILE

high quality results. B

Design Team:
Luther Mock, Designer
Sean Motter, Project Manager
EDIFIS Building Exterior Solutions
Fort Wayne, Indiana

General Contractor:
Michael Brown, Project Manager
Hagerman Construction Corporation
Fort Wayne, Indiana

Specialty Contractor (Metal Panels)

Chris King, President
Exterior 2000, Inc.
Bluffton, Indiana

Specialty Contractor (Skylights):
Stan Hegerfeld, President
Premier Glass, Inc.
Hoagland, Indiana

Metal Roof Panel Manufacturer:

Butler Manufacturing Company
VSR™ Roof System

Skylight Manufacturer:

Kalwall Corporation

Luther Mock is the

founder of Foursquare

Solutions, Inc., Monroe-

ville, Indiana, and serves

as its corporate presi-

dent. Prior to his current

position, he was an owner

of Martin, Riley & Mock,

Inc. since its inception in

1986 and managing part-

ner of EDIFIS Building LutHer C. Mock,
Exterior Solutions. He RRC

has been involved in roof-

ing and moisture technology since 1978. Since
1986, he has specialized in building envelope
design, asset management, and failure analysis.
Luther has been involved in more than 800 building
envelope related projects. Mock is currently presi-
dent of the Roof Consultants Institute and is also a
member of the American Institute of Architects
(AIA), Construction Specifications Institute (CSI),
American Society of Testing and Materials (ASTM),
and the Midwest Roofing Contractors Association
(MRCA). He earned his RRC in 1990.

=
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J CASE STUDY

Good Architecture,
Poor Roof

By THoMAS L. SMITH, AlA, RRC

ABSTRACT

A terne metal roof was
specified and installed on a
new church during the winter
of 1996-1997. The building is
located in the eastern part of
the U.S., in an area subject to
snowfall. Shortly after con-
struction, leakage periodical-
ly occurred at clerestory
windows and some roof
areas. The architect, general
contractor (GC), and roofing
contractor attempted to
address the problems, but
their attempts were unsuc-
cessful. In 2001, the author
was retained by the building
owner to investigate the leak-  Figure 1. General view of the roof.
age problems. Because they

INTERNAL

could not be effectively ke

repaired, in the latter part of 2001 and early 2002, all of the roof 1 6
coverings were removed and replaced. The clerestory windows were | —smaeny
also removed, new sill flashings installed, and the windows rein-

stalled. 5 2 .
As part of the investigation, the National Research Council of =

Canada performed extensive analysis pertaining to corrosion of the :

metal panels. . s — |} 8

INTRODUCTION

The church is a very unique and aesthetically pleasing building
(Figure 1). Five shed roofs cover the sanctuary (roof areas 1-5 on
Figure 2). These roofs have different slopes, from 2-3/4:12 to 5:12. :
The eave-to-ridge distance also varies, with the greatest distance \ 10

S

d:

being 112'. These roofs drained into a stainless steel, built-in gut-
ter. Clerestory windows occur at the walls between the different —
roof areas (Figure 3). et

Five shed roofs cover other areas of the church (roof areas 6- @ FIGURE 2 ROOF PLAN
10). These roofs also have different slopes, from 1:12 to 3-3/4:12. NORTH
The entry canopy is also a shed roof that slopes toward the build-

Figure 2: Roof plan.

12 « Interface May 2004



Figure 3: View of some of the
clerestory windows. Although the
roof overhangs provide some
protection from rainfall, they do
not protect the windows from
wind-driven rain.

ing at a 3/4:12 slope (roof area 12). Roof
areas 1-10 and 12 had standing seam terne
panels with 1"-high ribs. Roof 11 has a slope
of 1/2:12; it had a soldered, flat-locked,
terne roof. A TPO membrane occurred at the
valley between the toe of roof areas 6-10 and
the wall below the
eave of the sanctu-

ary sheds (Figure 4).
The water from roof
areas 6-11 drained
to two stainless
steel internal gut-
ters. The water from
roof area 12
drained into a
stainless steel inter-
nal gutter at the
wall juncture.

The roof assem-
bly over the sanctu-
ary (1-5) consisted
of the following
components:

o Terne metal
panel, field
painted on
the topside
with a mill-
applied shop
coat on the
underside.
(Terne is a
sheet steel
that is factory-coated on each side with an alloy of 80% lead
and 20% tin.)!

* Rosin paper.

o #30 asphalt-saturated felt.

+ OSB.

¢ Rigid insulation.

» Tongue-and-groove wood decking.

The roof assembly over areas 6-12 was similar to the above,
except for the deck, which was metal. The TPO was fully adhered to
OSB.

INITIAL LEAKAGE AND RESPONSE

Initial leakage occurred in the sanctuary. Water dripped from
the vicinity of several clerestory windows. The architect made a site

May 2004

Figure 4: View of the TPO membrane in the valley area. Water falling from the TPO membrane eroded the
paint on the terne below.

visit, but did not perform any destructive observations. His report
incorrectly attributed the leakage to the soffit installation. However,
no corrective action related to the soffit was taken.

The clerestory windows contained a high-quality,
commercial-grade storefront glazing. The system was designed with
an internal gutter to intercept water that penetrated the glazing
gasket. The intercepted water would drain from an opening between
the sill flashing and the sill face cap. Sealant had been applied
between the sill flashing and the sill face cap, thereby blocking
drainage of water that penetrated the gaskets (Figure 5). Application
of the sealant exacerbated the window leakage problem. The win-
dow leakage was due to lack of upturned ends on the sill flashing,
as will be discussed later.

As the window leakage continued, leaks began to develop in
other areas of the building. At the time of the author’s investigation

Interface ¢ 13



in February 2001, in addition to the
clerestory leakage in the sanctuary, leak-
age had occurred at the north end of the
TPO roof, the southwest portion of roof 6,
roof 11, and roof 12 (at the wall junc-
ture).

The author was retained by the build-
ing owner to investigate the leakage,
determine the causes, and recommend
corrective action.

PAINT PROBLEMS

The terne manufacturer’s specifica-
tions require the panels to be field paint-
ed “immediately after application or as

Figure 5: In a misguided
attempt to solve the window
leakage problem, the general
contractor applied sealant
(noted by arrow) at the
drainage slot between the sill
flashing and sill face cap.

soon as proper painting conditions pre-
vail.” Painting soon after application is
important to avoid corrosion, for the thin
lead/tin coating offers very limited corro-
sion resistance. The panels were
installed during the winter and tempera-
ture conditions were much too cold for
painting. Rather than tent over the build-
ing, painting was delayed until May, at which time widespread peel-
ing failure was experienced. The author was not involved in that
problem, but was advised that after arbitrating the dispute, the roof
was repainted in the fall of 2000. During the author’s leakage inves-
tigation in February 2001, the new paint had also peeled in sever-
al areas.

14 o Interface

Figure 6: View of the down-slope end of the sill flashing after removal of the face caps and
glazing. The only provision preventing water running down the sill from entering the building
was a fillet-profile sealant joint between the sill flashing and EIFS. The double arrows show a
piece of the sealant joint. The sealant was not well adhered to the EIFS or sill flashing. Water
was able to flow past the sealant, where it had an unobstructed path into the building.

AUTHOR INVESTIGATIONS

During the author’s initial investigation, a technical represen-
tative of the window manufacturer was on-site, as well as repre-
sentatives of the general contractor, roofing contractor, and glazing
contractor. The author directed the glazing contractor to remove
some of the glazing caps. After removing the caps, it was apparent
that due to lack of upturned ends on the sill flashing, water was
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Figure 7: A hole through the
terne at roof 6. This hole was
caused by mechanical damage.

able to flow past the window frame (Figure 6).

At two locations over the sanctuary, very
small corrosion-induced holes through the
metal panels were found. The author initial-
ly attributed these holes to lack of paint, but
as discussed below, they developed from
underneath the panels. The holes were tem-
porarily patched.

At the north end of the TPO roof and roof
11, the author believed the leakage problems
were related to the built-in gutters or the
drain lines. Instructions were prepared for
the owner to plug the outlet tubes and fill the
gutter with water. When both gutters were
water tested, it was discovered that when the plugs were removed, ter emptied into an open funnel at the end of a major drain line.
leakage occurred due to a piping error. The drain line from the gut- Other drain lines from the sanctuary roofs also emptied into the
funnel. Thus, during a del-
uge of water, water over-
flowed the top of the
funnel.

At the leakage area at
roof 6, two small holes
through the metal panels
were found (Figure 7).
These were caused by
mechanical damage. A tear
| was found through the
B | nearby TPO. At another
TPO area, the membrane
was torn by a nail head
emerging from the OSB.
The leakage at the canopy

Above: Figure 8: View of corrosion-induced
holes through the terne on roof 3. Holes
occurred on both sides of the rib. These
holes occurred a few inches upslope of an
endlap. Note the buckled rib. See Figure 9.

Right: Figure 9: View of the underside of the
panel shown in Figure 8. The circle indicates
the upper end of the down-slope panel. A
panel clip with two nails occurs in the lower
right portion of the photo.
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roof was due to inadequate flashing between the roof and wall.

During the summer of 2001, additional holes were discovered
through the metal panels. The author performed a follow-up inves-
tigation in August 2001. During this investigation, several metal
panels and ridge cap flashings were removed. Severe corrosion was
observed on the underside of the panels (Figures 8 and 9). Wind-dri-
ven water and water from power washing prior to painting had dri-
ven past the ridge cap flashing and flowed underneath the panels.
Water was also driven underneath the endlaps (Figure 10). Water
had also leaked through some of the ribs on the low-sloped roofs.
Enough water had reached the underside of the panels and enough
time had elapsed by August 2001 that the corrosion was penetrat-
ing the panels in numerous areas. In addition to panel penetration,
the corrosion had significantly impaired several of the concealed
clips, hence the roof was vulnerable to wind blow-off.

Figure 10: The left panel is the down-slope panel. The arrows indicate solder that was used to attach the
lock-strip. Both sides of the lock-strip were very corroded. The right panel is the underside of the up-slope
panel.

Because the corrosion attack was coming from the underside of
the panels and it was in an advanced state, the panels could not be
effectively repaired. To avoid damage to the OSB and wood decking,
the author recommended that the entire roof covering be removed
and replaced. Reroofing work commenced that fall.

LABORATORY INVESTIGATIONS

Several samples taken by the author were sent to the National
Research Council of Canada for various evaluations to further
understand the corrosion problem. The thickness of the steel sub-
strate and metallic top and bottom coatings was relatively uniform
and without pinholes. The tested specimens complied or substan-
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tially complied with the manufacturer’s specification. No significant
manufacturing deficiencies were found with the terne.

The lab determined that the corrosion was caused by the pres-
ence of water and oxygen on the underside of the panels. Analysis
of the corrosion products did not indicate the presence of common
atmospheric pollutants such as chloride or sulfur. The solder that
was used was the correct type. It did not contribute to the corro-
sion. There was no indication that the flux that was used in the sol-
dering process contributed to the corrosion.

Rosin paper

Leachate from wet rosin paper had a pH between 6 and 7, which
is similar to water in the natural environment. The leachate also
increased the conductivity of the water, thereby releasing elec-
trolytes. This increased conductivity helps to facilitate electron
transfer and accelerate cor-
rosion. When submersed in
water, the rosin paper
absorbed a substantial
amount of water.

Although it did not
leach  highly corrosive
chemicals, the paper had
the ability to hold a sub-
stantial amount of water,
which if present, would
increase  the  relative
humidity in the enclosed
space between the paper
and metal panels. High
humidity on the underside
of the panel and the pres-
ence of electrolytes from the
rosin paper create good
conditions for corrosion to
occur. In addition, when
wet rosin paper is in con-
tact with the metal, it pro-
vides a  moderately
corrosive water film (with a
potential pH of 4 to 5) next
to the panel. A water film
generally contains a high
concentration of dissolved
oxygen, which also increas-
es the corrosion rate.
Therefore, when wet, the presence of the rosin paper could acceler-
ate the corrosion process.

Felt

The panel manufacturer’s recommendations adamantly and
repeatedly recommend against the use of asphalt-saturated felt
below terne (only rosin paper is recommended between the metal
and the wood substrate). However, felt was installed below the
rosin. In a few small areas, the felt was in direct contact with the
terne, but in those areas, only minor, superficial “white rust” was
found. (White rust was caused by corrosion of the metallic coating.
Red rust was caused by corrosion of the steel substrate.)
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Leachate from the felt had nearly the same pH as the wet
leachate from the rosin paper. However, the felt leachate did not
increase the conductivity nearly as much as the rosin paper
leachate. The felt also absorbed less water when submerged. The
felt unlikely promoted corrosion.

ISSUES

This was a complicated building. To avoid leakage problems, it
was necessary to give special attention to: 1) selection of building
envelope systems, 2) the design of the details, 3) submittal review,
and 4) field observation. The architect failed in all four areas.

Roof system selection

Selection of metal panels for roofs 1-5 was appropriate.
However, a copper or PVDF painted aluminum-zinc alloy
(“‘Galvalume”) standing seam system would have been a better
choice. These alternative systems would have been more resistant
to underside corrosion, and they would have been less maintenance
intensive than terne. According to the manufacturer, terne requires
repainting “at least once every eight years.” The cost of repainting
this roof was considerable.

In the writer’s opinion, selection of metal panels for roofs 6-12
was inappropriate. Most of these roofs are low-slope, which present
design and installation challenges. These roofs are essentially not
visible from the ground; hence, there was no aesthetic justification
for selecting metal. A membrane roof would have been more reliable
and economical.

The writer also believes that selection of a single-ply membrane
was inappropriate because of susceptibility to puncture and tear-
ing. Metal panels were installed after installation of the TPO; hence,
during that time, the risk of damage was great. Also, during paint-
ing operations, substantial foot traffic presented damage opportu-
nity.

Metal panel specification

This section was very deficient; it was only two pages, whereas
the much smaller and less complicated single-ply membrane sec-
tion was five pages. Flat-locked terne was specified, which complied
with the manufacturer’s recommendations. However, the SMACNA
Architectural Sheet Metal Manual recommends stainless steel or
copper for flat-locked seamed roofs. Stainless steel would have been
more resistant to corrosion and puncture. The spec did not specify
special provisions for those panels on slopes less than 3:12.

Drawings

The roof plan indicated that the panels at roofs 1-5 were to have
two endlaps (i.e., three panels from eave to ridge). On three of these
roofs, the panel lengths were 30.6', 33", and 37'. The manufacturer
recommended the use of expansion clips when the panels exceeded
30'. Expansion clips were not specified, nor were they installed.

The endlap detail did not specify the manufacturer’s recom-
mendation to field-paint the underside of the endlap. Considering
the limited corrosion resistance of the metallic coating, field paint-
ing the unexposed portion of the endlap was important and should
have been included with the detail. Field painting of the concealed
area was not done, and severe corrosion resulted.

There were no provisions for ice dam protection at the eaves of
roofs 1-5. The rake and ridge details were only shown schematical-
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ly, making the design intent unclear.

The transition between the TPO and metal panels was not
detailed. Neither the details nor window specification called for
upturned legs on the sill flashings.

Submittal review

Expansion clips were not shown for the panels over 30' in
length, painting of the underside of the endlaps and the flat locked
panels was not noted, the TPO/metal transition was shown (but it
did not allow for escape of water that reached the underlayment),
no special provisions were shown for the low-sloped roofs (such as
sealant tape in the ribs, as recommended by the manufacturer), the
ridge rake flashings were poorly detailed, and several special details
were not included.

Pre-roofing conference

A pre-roofing conference was specified, but it was not held.
Considering the complexities of this roofing project, it is bewilder-
ing that this effort was omitted. The architect should have insisted
on the conference.

Periodic field observations

The architect performed periodic field observations. Either the
person conducting the observations was unfamiliar with the man-
ufacturer’s installation recommendations or was not diligent in
evaluating the work with respect to it. In either case, the roof obser-
vations were inadequate, in this author’s opinion.

rg www.rci-online.o
g www.rci-online.or
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w.rci-online.org ww

Interface ¢ 17



Submittal preparation

As previously discussed, the submittal was very deficient. While
many of the items that should have been shown on the submittals
were not addressed in the contract specifications or drawings, they
were addressed in the panel manufacturer’s specifications, of which
the roofing contractor should have been aware.

Workmanship

Workmanship on the exposed portions of the roof generally
exhibited good workmanship (with the exception of the field-applied

Professional
Roof Consulting

paint, which was applied by a painting contractor). Workmanship
errors included lack of paint on the underside of the endlaps and
the flat locked panels, poor fabrication of the ridge cap detail, three
nail punctures (two through the metal) - either due to nail back-out
or they were not flush with the OSB at time of installation, punc-
ture of a metal panel by a small rock underneath the panel, and use
of fixed clips on panels in excess of 30".

As previously noted, the window drainage slots should not have
been sealed.
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REROOFING

The author recommended the following:

Roofs 1 - 6: Remove the existing metal panels and underlay-
ment, replace damaged OSB, install an APP modified bitumen base
sheet, red rosin paper, and new standing seam metal panels. A
modified bitumen base sheet was specified because it is more
robust than a #30 felt. APP was specified because of its great resis-
tance to high-temperature flow. The base sheet laps were to be
sealed for a distance of 9' above the gutter for ice dam protection.
Two options were given for the metal: PVDF painted aluminum-zinc
alloy or copper. At the time the reroofing was about to commence,
the price of copper was relatively low, so the owner elected to have
copper installed.

All other roof areas: Remove the existing metal panels and
underlayment, replace damaged OSB, install a mechanically-
attached SBS modified bitumen base sheet and white, granule-sur-
faced SBS cap sheet set in cold adhesive. Walkway pads were
specified in the vicinity of the gutter drip line to avoid damage from
falling ice. Pads were also specified at the vertical drops from one
roof area to another to avoid water erosion.

The clerestory windows were removed, new sill flashings with
upturned ends installed, and the windows were reinstalled.

A local architect, relatively knowledgeable about roofing, was
retained by the owner to work with the roofing contractor to devel-
op numerous custom details. The reroofing work was negotiated
with a local general contractor and local roofing contractor familiar
with standing seam metal and modified bitumen roofing.

Leakage has not been reported since the reroofing and window
work was completed in early 2002.

POTENTIAL TERNE PITFALLS

There are potential pitfalls with terne and terne II of which
designers and contractors should be made aware:

1. Repainting: Owners should be made aware of the manu-
facturer’s recommendation to repaint at least every eight
years and the cost implications thereof.

2. Underlayment: The manufacturer recommends against
inclusion of felt underlayment. However, if the manufactur-
er’s recommendations are followed and only rosin paper is
specified, an adequate underlayment will not be achieved.
Rosin paper is effective in avoiding bonding between the
metal panels and felts, but it is easy to tear during applica-
tion, and it has limited water resistance. An appropriate
underlayment system is a layer of asphalt-saturated base
sheet (or a modified bitumen base sheet) and a layer of rosin
paper.

The problem for the specifier is that if the manufacturer’s
recommendations are followed, a poor underlayment system
results. If a good underlayment system is specified, it vio-
lates the manufacturer’s recommendations, which is not
desirable. Based on the results of the author’s field obser-
vations and laboratory testing, the manufacturer should
change its underlayment specification.

3. Ventilation: The manufacturer’s specification states that
“an air space must be provided under roof deck to facilitate
ventilation and eliminate condensation.” While this recom-
mendation is easy to accommodate when an attic space

2005 Symposium
Building Envelope
Technology

November 4-5, 2005
New Orleans, Louisiana

Hilton New Orleans Riverside Hotel
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occurs below the roof deck, it is difficult and expensive to FOOTNOTE
accommodate when there is no attic space. Had a ventila- 1
tion cavity been provided on the church roof, the panel cor-
rosion problem would not have been affected. Furthermore,
a ventilation cavity below the deck will not necessarily pre-

vent condensation on the underside of the panels. As With 10 5¢ Note: This article was originally presented as a paper at

the underlgyrgent issue discus§ed above, t.he mangfa.cturer the RCI 19th International Convention and Trade Show in Reno,
should revise its recommendations regarding ventilation so 070 on April 3, 2004.

that they are technically valid.

4. Low slopes: For slopes below 3:12, the manufacturer
should be contacted for special requirements (in 2002, the
special requirements were not published in the manufac-
turer’s literature). Thomas L. Smith, AIA, RRC, is pres-
ident of TLSmith Consulting Inc. He
specializes in architectural technolo-
gy and research, with an emphasis

on roof systems. Smith is a licensed

Because of environmental concerns related to lead, produc-
tion of terne was discontinued in 1998 and replaced with
terne II, which has a zinc/tin coating.

5. Field painting: Field painting very soon after panel appli-
cation is important. This should be specified and rigidly
enforced. If panel application will occur when it is colder
than 50 degrees F, the roof should be tented during paint- architect and a registered roof con-
ing, panel application delayed, or a panel that does not sultant. His interest in roofing began
require field painting should be specified. Specify field in 1974. From 1988 to 1998, he was

painting of the end laps and rigidly enforce this require- the research director for the National

ment. Roofing Contractors Association

6. Underside corrosion: The manufacturer’s warranty is void- [EEINNCAVRZSUROR: EIRINCRZEST R L S IECH R T P
ed if the terne is “subjected to underside moisture, either private practice in California and AlA, RRC
from roof leakage or condensation resulting from inade- Alaska. He has designed roofs from

quate ventilation.” Specifiers should be aware that terne has  [ERICEEIVEGRIVRI RS SRS Vi B ERR DR 0B il o U Qi sXVO 0
a much shorter time-to-failure from underside corrosion [ESUNIERGEISERESUSLISL NGO ulbS B NEL R,

than other common metal roofing panels such as alu- SR IREIISESs Vel GRS IRl
minum-zinc alloy and copper. B

- )

AsPHALT DEMAND TO GROW

Global demand for asphalt (bitumen) is projected to advance to 107 million metric tons, or 654 million barrels of primary asphalt
by the year 2007. Of this amount, demand for asphalt in roofing applications is expected to rise 2.5% a year through 2007, to 12.4
million metric tons. That pace will mirror growth during the 1997-2002 period, as gains in developing regions offset a deceleration
of demand in the large U.S. market.
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COATINGS FOR
METAL ROOFING

By the Roof Coalings Manufacturers Assaciation

etal roofing sys-
Mtems have been

used for many T
years. After World War II, -
metal roofs were employed
on industrial facilities such
as warehouses and on farm

and agricultural buildings.

Due to improved aesthetics,
materials, and sound damp- | Roof Coatings
ing, the use of metal roofs | Manufacturers
has been increasing. Since | Association

the late 1970s, modern roof-
ing has been using an aluminum/zinc alloy
(known as Galvalume® coated steel) as the pre-
dominant metal material. Traditional galvanized
steel roofs are still manufactured and are the
most common metal roof panel currently in
place. Metal roof panels may have baked on fin-
ishes for aesthetic or functional reasons. Metal
roofs can be extremely durable, but as they age,
the coating degrades and may benefit from
recoating. Metal roofing with exposed fasteners
can develop leaks at the attachment points that
call for repair or sealing prior to coating.

Coatings for Metal Panels

Many different types of coatings are used to
coat metal panels. The products include asphalt
or polymeric (elastomeric) coatings.

The asphalt coatings may be a solvent or
water-based product. Reflective asphalt coatings
are typically used as a coating for a metal roof.
Polymer-modified asphalt coatings, which offer
improved elongation and recovery properties over
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conventional asphalt coatings, are also used.

Elongation and recovery are important prop-
erties in a metal roofing system, as the metal
panels expand and contract with changes in tem-
peratures. Pigmented latex coatings are the most
common materials used in coating metal panels,
as they offer a wide range of resistance to chem-
icals, oils, and solvents, and have good elonga-
tion and recovery. Polyurethane coatings are
often used in areas where industrial chemicals or
oils are present.

Solvent-borne elastomeric coatings have very
good elongation and recovery and can be formu-
lated for tenacious adhesion to metal. The resis-
tance to solvents and oils is lower than acrylic or
polyurethane coatings, so these coatings are not
used in areas such as restaurants, where oils
and solvents are present.

Roof Evaluation

The metal roof should first be evaluated to
determine the extent of the degradation. The roof-
ing manufacturer should be contacted if warran-
ty conditions are involved or if replacement is
required. The condition of the seams, both verti-
cal and horizontal, should be determined first.
The primary seal for the metal roofing system is
the seam tape or caulk that is put in the joints
between the metal panels. As the system ages, the
primary sealant may degrade. To repair the pri-
mary sealant, seams that are leaking should be
inspected, screws tightened, and washers
replaced as needed.

The field of the panels should be inspected to
see if any panels need to be replaced or if there is

<
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white or red rust. White rust can occur on galvanized roofs, appears
to be a chalking of the metal, and is the first stage of corrosion. If
there is white rust on the roof, use a solvent-based or water-based
rust preventative primer to seal the area. Red rust is a later stage
of deterioration, and will continue unless it is removed from the
panel. If there are small amounts of surface red rust, power wash-
ing, sand blasting, or wire brushing can remove it. The area should
then be sealed with a rust preventative primer. Situations where
red rust is prevalent or has started to corrode the metal panel
require repair and are beyond the scope of this document.
Structural metal roofs with red rust may be unsound and should
not be walked on.

Even if no rust is present, the roof should be cleaned and free
of any dirt, oils, or residual coating. Sealing washers around fas-
teners degrades them and may necessitate replacement. If there are
any screws missing, they should be replaced, and a dab of caulk
should be put on the screw heads. The seams should then be sealed
by using either elastomeric caulks, specialty tapes designed for this
purpose, or fabric embedded in elastomeric sealant.

Coating the Metal Panels

A primer is used in many instances to improve the adhesion of
the coating to the metal panels. The coating manufacturer should
be contacted for recommendations on the use of a primer.

Depending on the system chosen, a base and topcoat are usu-
ally required. Spray, squeegee, brush, or roller may be used to apply
coatings, which are available in various size containers, including 5-
gallon pails, 55-gallon drums, totes, or bulk. A base coating is often
used. The topcoat of the system is usually applied perpendicular to

the base coat at the same rate of coverage. The manufacturer
should be consulted for recommended application rates.

Reflective pigmented roof systems are often used to reduce the
energy consumption of a building. This is especially true on dark-
colored roofs where there is little or minimal insulation.

Metal roofing is a very durable roofing system. If the roof and
the coating are maintained, the life of a metal roof can be extended
indefinitely.

For additional information on cold-applied roof coating materi-
als, or about any of the Roof Coating Manufacturers Association
(RCMA) manufacturer member companies, contact the RCMA at
1156 15th Street, NW, Suite 900, Washington, DC 20005, tele-
phone: 202-207-0919; facsimile: 202-223-9741; website:

www.roofcoatings.org. i

ABOUT THE AUTHOR

This Tech Note was prepared by and has the approval of the
Roof Coatings Manufacturers Association (RCMA), 1156 15th
Street NW, Suite 900, Washington, DC 20005 (202-207-0919
or www.roofcoatings.org). This note is for informational pur-
poses only and is not intended to revoke or change the
requirements or specifications of the individual roofing mate-
rial manufacturers or local, state, and federal building offi-
cials that have jurisdiction in a given area. Any question or
inquiry as to the requirements or specifications of a manufac-
turer should be directed to the roofing manufacturer con-
cerned.
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ERonfing Pormitt
-Roofing Permitting
System Honored

The Miami-Dade County Building Department’s “E-Roofing Permitting
Application System” has been named the winner of the National Roofing

Contractors Association’s (NRCA’s) 2004 Gold Circle Award for Service to
the Industry.

LDING DEPN“MEM

-DADE COUNTY BUI G DB
:::;"l‘nt; Permitting Application Y

X Rroofin
ments innovative E-ROTY 2
tool created for

The iami-Dade County ﬂum‘?an::,;n
permitting Application system

ixting and plan Teview
electronically apy for _aml'
permits andine via the inte!

The system allows roofing professionals to obtain roofing permits via
the Internet in an average of 15 minutes for tile and shingle roofs.
Qualified contractors visit a secure website accessed by a password,
where they fill out a permit application form electronically. A process
number is assigned automatically, and permit fees are calculated based
upon the square footage of the job.

Assemblies submitted for permitting must have a valid Miami-Dade
County Product Control Approval as proof that the material to be
installed has been tested to meet the requirements of the High Velocity
Hurricane Zone of the Florida Building Code. Current product control

approvals are maintained in a database that is accessed by the
E-Roofing system. Code-related defaults built into the E-Roofing

System require that the contractor enter data in compliance with the
Florida Building Code.

[ The International Staple, Nail and Tool Association (ISANTA) has announced revision of its NER-
272 Evaluation Report. The revision updates the report to cover International Codes (“I-Codes”) and
the latest editions of the older codes, and incorporates recent research on stapled connections.

Evaluation reports are issued by the people who write the “model codes” adopted by most
municipalities. NER-272 covers fasteners and fastening schedules. It indicates that listed fas-
teners were tested for conformance with specifications and are manufactured under a quali-
ty control system. Its fastening schedules indicate in what quantity or spacing the fasteners
must be used. Building officials use it as a basis for approving use of power-driven fas-

teners. It has tables on shear walls, horizontal diaphragms, framing, roof coverings,
sheathing, and decking.

Copies of the report can be downloaded from ISANTA’s website, www.isanta.org, by
selecting “Building Codes,” then “Evaluation Report,” and then clicking on “NER-272.”
S

\ingle, complimentary printed copies of the 64-page report can be requested from ISANTA.
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called upon to protect different interior environments.

These environments include offices, classrooms, and man-
ufacturing facilities, to name a few. As expected, the requirements
of each environment can vary greatly.

One component that should be addressed very early in the plan-
ning stage is the interior relative humidly (RH) of the occupied
space. Higher interior humidity may require the use of different
materials or construction techniques. Geographic location can also
be a factor. Designs that work well in southern climates may not
give the desired performance when constructed in northern cli-
mates.

It may be difficult to locate a specific manufacturer’s
recommendations for design based upon interior condi-
tions. However, one manufacturer’s design manual con-
tains suggested guidelines for various interior humidity
levels. Page 70-01.7 of the Butler Roof Systems
Design/ Specifiers Manual offers the following:

“The standard application of the MR-24 roof sys-
tem using faced blanket insulation meets most
building end use requirements where the interior
relative humidity (RH) is 30% or less. Building
interiors requiring 30% to 50% RH require blanket
insulation with a quality foil facing for specific
vapor control, special attention to insulation appli-
cation at joints and roof-to-wall transitions, and
provisions for adequate air movement. Building
interiors with RH requirements of 50% or greater
require a mechanical engineer’s approval of the
insulation system planned in conjunction with
adequate vapor control and air movement.”

As metal roofing becomes more commonplace, it is being
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So here we have one manufacturer’s basic guidelines to follow
for three distinct humidity ranges. These ranges are:

* Less than or equal to 30%

o 30% to 50%

¢+ Greater than 50%.

Note these recommendations do not include a corresponding
interior temperature. A volume of air at 70% RH behaves very dif-
ferently at O°F, 70°F, and 100°F. If the RH of the same volume of air
is constant, the vapor pressure will increase as the temperature
increases. This raises another important point: interior tempera-

Photo 1: Moisture seeping through corrosion in roof panel.
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Above: Photo 3: Deterioration of
beam clamp and underside of

roof panel.

Photo 4: Buckets suspended
from roof framing.
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ture is also a major consideration of moisture control. If
there is a higher than normal interior temperature
(>75°F), it may be prudent to consult with a mechanical
engineer regardless of the anticipated relative humidity.
For this article, we’ll assume that the manufacturer has
set these ranges based upon an interior temperature of
70°F.

So the next question is, what relative humidity can we
expect to encounter? To paraphrase, ASHRAE Standard
55 suggests that the comfort range for relative humidity is
between 40% and 60%. These values are clearly above the
30% maximum previously stated for “standard applica-
tions” and extend into the >50% range at which a
mechanical engineer should be consulted. Therefore, it
seems prudent that within “normal” office environments
(40% to 60% RH and 65°F to 75°F), one should always
consult with the manufacturer, and possibly with a
mechanical engineer, when designing a metal roofing sys-
tem. Topics of discussion should include insulation, vapor
retarder, detailing, and ventilation requirements.

How important is it to follow these recommendations?
Each situation must be considered upon its own merits,
but two examples are offered. The first involves a project
located in lowa with a standing seam roof installed with
standard insulation, vapor retarder, and detailing (no spe-
cial provisions for high humidity). The roofing system was
seven years old and suffering from corrosion of the metal
roof panels.

One could actually walk across the roof and see water
seep out of the roofing system. Corrosion had penetrated
the panel, and moisture was released by the saturated
insulation when it was compressed by foot traffic ( see
Photo 1).

Inside, virtually all of the roof insulation blankets
were discolored and sagging. In several instances, con-
densation could be viewed on the surface of the vapor
retarder (Photo 2).

It was also interesting to view the damage that had
occurred at a beam clamp. The clamp had been used to
support a sprinkler
line and  was
installed on the top
chord of a truss. The
head of the clamp
had penetrated the
vapor retarder and
was in contact with
the underside of the
metal roof panel
(Photo 3). The clamp,
threaded rod, and
deck panel were all
badly corroded at
this point.

This roofing sys-
tem had clearly suf-
fered  significant
damage. Our investi-
gation revealed high
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Photo 5: Insulation sidelap is “open” and not centered over framing
member.

interior temperatures and humidity. Conditions recorded in the
damaged area ranged from 36% to 68% RH and temperatures from
67°F to 81°F. The worst case recorded was an interior temperature
of 75°F, RH of 62%, with a resulting dew point of 61°F.

In keeping with the previously listed recommendations, the
manufacturer and a mechanical engineer should have been con-
sulted during the design process. A few extra dollars spent up front
could have saved the owner the frustration and expense of a cost-
ly and premature repair.

The second example involves a manufacturing facility, also
located in Iowa. The parent company had several operating plants
located in the South, all based upon a standardized, pre-engi-
neered metal building design. When the Iowa plant was completed
and placed into operation, nuisance leaks were reported through-
out the plant, primarily during periods of cold weather.

When we viewed the interior of the building, we found that a
large portion of the insulation blanket was wet, sagging from posi-
tion, and dripping water where it had been punctured. As the blan-
ket insulation became wet and sagged, the owner periodically
punctured the “low point” of the blanket to allow water to escape
in an effort to prevent the blanket from becoming dislodged and
falling.

As we walked through the plant, we noted that buckets had
been suspended from the roof trusses. These had been placed in
strategic locations to prevent water from dripping onto sensitive
equipment (Photo 4).

The sidelaps of the blanket insulation were found to have gaps
and were not taped or sealed together (Photo 5). We also found that
the blanket insulation had not been sealed around projections
(Photo 6).

When the client was asked about the building’s interior condi-
tions, he stated that the ideal operating conditions for the plant
were 70°F and 42% RH. On-site measurements revealed that the
interior temperature ranged from 70°F to 80°F, and the RH varied
from 40% to 50%. These ranges were within the client’s acceptable
operating limits.
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Photo 6: Insulation facer is not sealed around projection through
roof.

The client was dismayed when its previously successful design
(which worked fine in the South), failed to perform in a more north-
ern climate. This example points out another variable to be consid-
ered — geographic location.

The National Roofing Contractors Association (NRCA) recom-
mends “that dew point related problems be considered in the design
of the roofing when the outside mean January temperature is below

40°F, and/or the expected interior relative humidity is 45 percent
or greater.”

Had the designers heeded (or been aware of) the guidelines list-
ed above, they may have been able to prevent this unpleasant sur-
prise. As a result, the owner was faced with an expensive repair
that could have been avoided. As is often the case, the cost to make
repairs after the fact is much greater than if these enhancements
were incorporated into the original construction.

In summary, we should all be aware that the interior tempera-
ture, relative humidity requirements, and the project’s geographic
location can have a dramatic effect on the proper design of a roof. B
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METAL ROOFING FROM

ALU M

“Z.mc

PART 1:
History
and
Materials

By Rob Haddock

Editor’s note: This is the first article in a multi-part series about metal roofing in today’s market. It starts with the materials and their uses
and moves through coatings, system designs, and installation techniques. It is reprinted with permission of Metal Mag Magazine.

etal continues to increase its share of the roofing market as
more and more construction owners, designers, and spec-
ifiers seek more durable “sustainable” roofing materials.

As a cladding material, metal’s roots and technology date back
to Biblical times. It has always been coveted as a premium roofing

option but historically has been handicapped by generally higher
initial cost than many other options. Today’s trends point toward
evaluating the long-term costs of owning a roof as more landfills are
overburdened with junk material (former building components) dis-
carded because of short-sighted, budget-conscious building objec-

tives. The life-cycle costs and

environmental appeal of metal truly
have some advantages, which are being
touted by much of the supply side of our
industry.

As metal roofing gains popularity
and is specified for more and more pro-
jects, sadly, but inevitably, more fail-
ures will occur due to misuse or the
perception that metal is magic and will
do anything. While material failures are
highly unusual, the common pitfalls are
inappropriate product selection to suit
job specifics and misapplication of the
selected products.

Using metal roofing systems
involves a good deal of science, so mak-
ing uninformed design decisions about
materials and systems is a bit like play-
ing Russian roulette. Some knowledge
and understanding of basic elements of
system design, material selection, and
installation will certainly improve the
odds for a successful roofing project and
a satisfied (and dry) customer or client
for many years to come, while (hopeful-
ly) reducing gainful employment for a
slew of trial lawyers.

One of the first issues to decide is
what sort of metal should be used.

A lead roof was chosen for this cathedral in Kéln (Cologne), Germany built in the 13th Century.
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There are a num-
ber of choices,
including copper,
terne, aluminum,
stainless  steel,
carbon steel, zinc,
lead, and even
titanium. All have
pros and cons.
Some soft
metals - copper,
lead, and terne-
coated stainless -
can have a life
expectancy mea-
sured in cen-
turies. They also
carry a premium
price tag and call
for a high degree
of fabrication and

i =

e =

The Dome of the Rock, finished in 691 following the Turkish
conquest of Jerusalem, is believed to have originally sported a
gold roof. It is now gold leafed aluminum. (All photos courtesy of
Metal Roof Advisory Group, Ltd.)

installation skill. We refer to these metals as “crafted roofing” metals. They are favored
over coated steel in most of Western Europe. They are also favored in the U.S. for high-
end and historical applications. Their inorganic surface finishes and oxidation charac-
teristics give them timeless beauty and maintenance freedom not enjoyed by organic
finishes (painted metals), and they are easily solderable.

Titanium zinc, the soft, grey metal that enjoys immense popularity in Germany and
other European nations, is also increasing in popularity in the U.S. It is also a crafted
metal, and available in different surface finishes, including preweathered.

The material is imported from Europe by
two companies: one is German (Rheinzink), the
other French (Umicore, formerly VM Zinc).
Popular thicknesses are .7mm and .8mm. Zinc
requires some special considerations in fabrica-
tion to avoid fracturing of the finished product,
and care in detailing and underlayment, as the
material has a low tolerance for subsurface
moisture.

Zinc is also easily soldered, but be careful -
its melting temperature is much lower than
other solderable metals. With appropriate pre-
cautions, zinc can have an expected life of near-
ly a century. There are no ASTM reference
numbers for this material because it has no
domestic producers.

Terne has a life expectancy greater than
many other options and a moderate cost, but it
requires repeated maintenance (painting). Many
early 20th Century terne roofs can still be seen
all over the eastern United States. Use of this
tin-lead alloy coated steel is responsible for the
popular misnomer, “tin roof.”

Terne-coated stainless requires no mainte-
nance and is a solderable material, but it bears
a very hefty price tag, as do zinc, lead, titanium,

Lead coated copper, one of the
longest lasting metals, covers the
roof of the chapel at Duke
University, Durham, N.C.

and lead-coated copper. Terne is most commonly used in 28 and 30 gauge, while 26 and
28 gauge are most common for terne-coated stainless. Terne falls under the carbon steel
classification of ASTM A-625, while terne-coated stainless is ASTM A-240. There are no
federal specification numbers for either of these metals.
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Lead is one of the longest-last-
ing metals known to man and has
been used for more than a millen-
nium on some of the most elegant
castles and cathedrals throughout
Europe. It may well outlast any
other roof type, metallic or not,
even in a salt spray environment.
But lead has a very high thermal
coefficient and significant weight,
so it must be appropriately
designed.

The most popular lead applica-
tions are “batten-roll” profiles
using gentle, radiused folds and
joints. Lead has many unique
qualities and installation methods
all its own. “Lead burning” is prac-
ticed by fewer and fewer mechan-
ics. Because of these facts, lead’s
high cost, and the bad rap it is
receiving from environmental pro-
tagonists, the application of sheet
lead is, unfortunately, becoming a
lost art in North America.

Metals like terne, copper, and
stainless, which have typically
offered lead or lead alloy coatings,  Greater detail and weather integrity can be accomplished with soft crafted metals as shown on the
are now using other alloys like  Kronborg Castle in Denmark.
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A copper roof tops the Kronborg Castle in Helsingor (Elsinore) Denmark (above, top), which was built in the
1500s and was the setting for Shakespeare’s Hamlet.

its thickness. The most
common roofing sheet is
16 or 20-oz. Sixteen-ounce
is .0216 inches in theoret-
ical thickness, while a 24-
ounce would be .0323
thick.

Titanium is an option
that has recently found its
way onto the list through
its use on the high profile
Guggenheim Museum in
Bilbao, Spain (www.
guggenheim-bilbao.es). It
is unique in appearance,
has an inorganic finish, a
thermal coefficient even
lower than steel, and
incredible strength, dura-
bility, and corrosion resis-
tance. It also has an elite
price tag above other met-
als, and only one domestic
producer, but it will almost
certainly grow in use as
more designers learn of its
benefits.

The reference number
for architectural titanium
is ASTM B-265 and the
most commonly used size
is 28 gauge in 4-foot
widths. It is also available
in coils and custom
lengths.

High tensile aluminum
is more in the affordable
range as a base metal. It
also offers some structural
capabilities but has an
extremely high coefficient
of expansion, which causes
a great deal of thermal
movement. Still, this mate-
rial is a cost-effective alter-
native for salt spray
coastal environments as
well as acid rain environ-
ments where the longevity
of coated steel alternatives
may be a bit lacking and
budgets do not allow lead
or lead-coated alternatives.
While it is preferred for

tinzinc to have more “politically correct” public appeal. such environments, the detailing must provide for increased ther-
Architectural copper is specified as ASTM B-370 and lead-coat-  ma] movement, and fabrication methods must allow for its more

ed copper is ASTM B-101. Copper is designated by the ounce- fyittle behavior.

weight (the weight of 1 square foot of copper in ounces). A 12 x Aluminum is easily painted by modern coil coating methods,
12-inch piece of copper may weigh 12 to 48 ounces, depending on  and so organic color finishes can be provided at moderate added
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This LCC batten roll roof on the Chapel of Duke University
(above) was installed in the late 1930s. The craft of metal
roofing was brought to North America by such European
artisans as Paul Revere.

cost. Another benefit of this metal is that its installation prac-
tices are generally consistent with those of coated steel prod-
ucts, and so the availability of installation contractors is
widespread.

Aluminum is specified as ASTM B-209. The most common
thickness for roofing is .032 inches, with .040 inches running a
close second. The most common sheet alloys are 3004 and 3105
and the tempers for these alloys are 3105-H14 and 3004-H36.

Of all the available base metals, steel is the lowest cost and
has excellent structural characteristics. Since steel rusts, a pro-
tective coating must be selected. Of all the options listed, coat-
ed carbon steel is the most common choice for metal roofing in
North America, primarily for economic reasons. It is only logical
then that significant development and improvements for metal-
lic coatings used on carbon steel have originated in the U.S.

This does not imply that other materials do not have their
place. In fact, when asked, “What is the best roof on the market
today?” the author’s pat response is, “Lead, lead-coated copper,
or titanium on a 12:12 slope.” This response is not often debat-
ed in terms of accuracy but often frustrates the inquisitor
because such slopes are rather uncommon and few budgets
permit the use of these materials.

Since steel dominates the domestic (U.S.) market at ratios of
about 10 to 1, let’s focus on the alternatives available when
using steel, such as gauge, coating type, and coating weight.

The most common gauge thickness used in the commercial
roofing marketplace is clearly 24, although 26 is used on rare
occasions. Since new and more stringent wind test standards
(such as ASTM E-1592 and the new FM 4471) have emerged fol-
lowing Hurricanes Andrew, Iniki, and others, more 22-gauge
material is being used. (The lower the gauge number, the thick-
er the material; 22 gauge is .030 inches minimum in thickness,
24 gauge is .024 inches, and 26 gauge is .018 inches mini-
mum.)

Many contractors and designers believe that increasing the
thickness will alleviate the problem of “oil canning,” which is a
rippling effect in the panel surface caused by stress. It is most
pronounced in very flat panels with wider covering dimensions.
The stresses that produce oil canning are caused by a number
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of factors, few if any of which have to do with the thickness of the
metal. Hence, increasing thickness adds significant cost but may
not eliminate the problem. A more cost-effective approach to resolv-
ing the potential for oil canning involves:
* Reducing panel width.
*  Working with a reputable manufacturer.
* Using well-tuned, roll-forming equipment.
¢+ Using a panel profile with stiffening flutes in the flat area, if
not objectionable.
* Insisting on tension-leveled coil stock with close camber and
flatness tolerances.
* Ensuring that there is adequate provision for thermal move-
ment within the system’s design and installation.
* Being sure that the structure and/or deck is smooth and
true-to-line.

Another little trick that can be used in architectural installa-
tions over wood deck is to install a strip of backer rod between the
deck and panel to cause the “flat” of the panel to arch slightly
between seams.

Other specified variables in steel procurement involve tensile
and yield strength and coating type and weight. The mechanical
properties relate more to the manufacturing process than end use,
so they are often considerations with which the contractor, design-
er, or specifier need not be concerned.

Coating type and weight, however, are rather important deci-
sions which should be understood by the contractor or specifier.
This refers to metallic coating of steel coil, not paint coatings.

All steel coil used in exterior applications is coated with a metal-
lic coating to protect it from corrosion. These coatings are all

applied by the continuous hot-dip method and are metallurgically
bonded to the base steel. Within the domestic market, there are
three distinctive options for coating types: zinc, aluminum, and
alloys of the two. Within these types, there are also options con-
cerning the rate of application of the coating, designated by weight
per square foot (total of both sides). These application rates also
result in different thicknesses of coatings. B

The topic of metallic coatings for steel will be covered in the next
part of this series.
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Contractors are reporting a variety of problems related to steel.
Prices are rising at ever-increasing rates. Suppliers have added
heavy surcharges to previously “firm” prices and told contractors
they must pay or forgo delivery. Suppliers have shortened the peri-
od for which they will quote firm prices on new inquiries to 15, 7,
3, or even one day. They will not guarantee delivery dates or quan-
tities in some cases. Various contractors report their suppliers are,
or soon will be, allocating re-bar, sprinkler pipe, metal wall studs
and fasteners, and guardrail materials.

The Associated General Contractors of America (AGC) board of
directors responded by approving a resolution urging public and
private owners to permit steel price adjustments in both new and
existing contracts. Mary Peters, Administrator of the Federal
Highway Administration (FHWA), has announced that the adminis-
tration “supports the appropriate use of price adjustment clauses
for products, including steel, when they can reduce contingencies
in construction bids and provide for an equitable adjustment for
costs that may increase during the life of a project.”

Bexar Concrete of San Antonio, a fabricator of prestressed con-
crete for bridge girders and parking structures, laid off more than
40 workers because it could not obtain steel strand after a 77%
anti-dumping duty on foreign strand led other users to turn to the
only two U.S. suppliers, depriving Bexar of its supply. Bexar’s
inability to produce bridge girders has led to delay of one bridge
project and threatens to delay two of the largest highway projects
in the nation.

In employment statistics released by the Bureau of Labor
Statistics (BLS), construction employment gains in the past year
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By Ken Simonson

have accounted for all of the 122,000 growth in nonfarm employ-
ment. Average weekly hours in construction (not seasonally adjust-
ed) moved up from 37.7 a year ago to 38.5, and average hourly
earnings climbed 1.8% to $19.04, 22% higher than the all-private
sector average for nonsupervisory or production workers.

The Small Business Administration (SBA) has proposed new
small-business size standards for use by a variety of federal pro-
grams (sba.gov/size/indexwhatsnew.html#restructurePR).
Under the proposed rules, size will be determined by number of
employees in most cases, and the number of different size cate-
gories will be reduced from 37 to 10. SBA also proposed to estab-
lish a maximum average annual receipts amount (referred to as a
receipts cap) along with the employee-based size standard.
Construction is one of 31 industries under the receipts cap. To
qualify as an eligible small business, a company cannot exceed the
employee-based size standard and cannot exceed the specific
receipts cap amount.

Editor’s Note: This series on the economy and its impact on the
construction industry is published 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.
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BrADFORD ELECTED NRCA
PRESIDENT

Dane Bradford, president of Bradford Roof
Management, Billings, MT, was elected
2004-05 president of the National Roofing
Contractors Association (NRCA). His term
will begin June 1. Bradford served as presi-
dent of the Montana Roofing Contractors
Association in 1991-2. Reid Ribble was also
elected senior vice president of NRCA.

PRODUCTS

GRACE INTRODUCES PERM-A-
BARRIER LiQuiD

Grace Construction Products has intro-
duced Perm-A-Barrier® Liquid, an air and
vapor barrier product for use in above-
grade wall assemblies. The liquid is intend-
ed to allow the structure to be exposed to
the environment for up to 60 days prior to
the exterior building material application.
For more information, visit www.gracecon-
struction.com.

ALPINE SNOWGUARDS INTRODUCES
New Probuct

Alpine SnowGuards unveils its new Model
#30CL clear polycarbonate, pad-style snow
guard. The snow guard can either be
adhered to the roofing material or mechan-
ically fastened. For more information, visit
www.alpinesnowguards.com.

D-MARK OFFers CARBONWEB
RoLL PRODUCT

Chesterfield, MI-based D-Mark, Inc., has
introduced the CarbonWeb® (CW) Filter Roll
Media for temporary odor and pollution
control. The media are simply cut and taped
over air intakes before work on a roof begins
and is removed afterwards. For information,
visit www.dmarkinc.com.

GAF UNVEILs CAMELOT™ SHINGLES

GAF Material Corporation has introduced
the Camelot™ Premium Designer Shingle.
Camelot™ shingles feature GAF’s super-
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heavyweight “plus” construction (approxi-
mately 460 lbs. per square) and are war-
ranted to withstand winds up to 110 mph.
They are Class A fire-rated. For more infor-
mation, visit www.gaf.com.

ReicHEL & DREwS INTRODUCES
RoLL WINDER

Reichel & Drews has introduced the Model
RW20-LS Servo-Drive Roll Winder. De-
signed for modified bitumen roofing and
waterproofing material producers, the roll
winder is said to be capable of producing up
to ten tightly wound rolls per minute. For
more information, visit www.reicheldrews.
com.

KeeGUARD® CONTRACTOR
PROTECTS FROM FALLS

Kee Industrial Products, Inc., Buffalo, NY,
has introduced its new KeeGuard®
Contractor rooftop fall protection railing
system. The system is comprised of railing
bases, standard steel pipe, and slip-on pipe
fittings galvanized for corrosion resistance.
For more information, visit www.KeeGuard.
com.

PUBLICATIONS

FM RELEASES PUBLICATIONS

FM Approvals has released its 2004 edition
of the Approval Guide in CD format. The
resource contains more than 45,000 list-
ings of fire protection, electrical, and build-
ing equipment materials and services tested
and approved for property conservation by
FM. It has also issued its 2004 Property
Loss Prevention Reference Library, FM
Global Resource Collection, on CD-ROM. For
more information, visit www.fmglobal.com.

PLANTS

GAF 10 BUILD SHINGLE FACTORY

GAF Materials Corporation announced
plans to build a new high-speed shingle
manufacturing facility. It is evaluating plant
sites in Maryland, Pennsylvania, and two
other states. The facility will be completed
in 2006 and will increase the company’s

laminate manufacturing capacity by more
than 30% and total shingle manufacturing
capacity by more than 12%.

PARTNERSHIPS/
PURCHASES

BASF PuURCHASES FOAM
ENTERPRISES

BASF has purchased 100% of the stock of
Foam Enterprises, Inc. (FEI), of Minn-
eapolis, Minnesota. FEI, founded in 1977,
supplies rigid polyurethane foam materials
for roof and wall insulation, walk-in coolers,
insulated building panels, spas, and boat
flotation. BASF also makes rigid polyure-
thane foam systems and had sales of $34
billion in 2002. It is the North American
affiliate of BASF AG, Ludwigshafen,
Germany. FEI will operate as a subsidiary of
BASF.

PLAUDITS

ATLAS RECEIVES LTTR VALIDATION

The Atlas Roofing Corporation became the
industry’s first polyiso insulation manufac-
turer to receive independent third party val-
idation of its LTTR (Long Term Thermal
Resistance) values for all of its permeable
faced polyiso roof insulation products. The
company is also the first to adopt the
Quality Mark designation introduced by the
Polyisocyanurate Insulation Manufacturers
Association (PIMA) for LTTR third party cer-
tification.

More

INDUSTRY
NEWS

Continued on Page 43
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B INDUSTRY NEWS

continved from page 40

NRCA ANNOUNCES DESIGN AWARD WINNERS

The NRCA announced the winner of its first Excellence in Design
Awards at its convention in February. The winner was Magco Inc.,
Jessup, MD. Finalists were INSPEC Inc., Minneapolis, MN;
Keystone Roofing Inc., Oceanside, CA; RTE Technologies Inc.,
Overland Park, KS; and Southern California Roofing, Downey, CA.

GoLb CircLe AWARDEES NAMED

The NRCA recently bestowed its 10th annual Gold Circle Awards
to NRCA members who made significant contributions to the roof-
ing industry in the following categories: outstanding workman-
ship, low slope - Western Roofing Service, San Francisco, Wells
Fargo Bank headquarters; outstanding workmanship, steep-slope
- F.J.A. Christiansen Roofing Co. Inc., Milwaukee, WI, Holy Hill,
National Shrine of Mary, Help of Christmas; innovative solutions,
new construction - Edward J. Laperouse Metal Works Inc.,
Houma, LA., Terrebonne Parish main library; innovative solu-
tions, reroofing - Titan Roofing Inc., Chicopee, MA., New York
State Capitol; and service to the industry - Miami-Dade County
Building Dept., Miami, FL., E-Roofing Permitting Application
System.

Business Card Ads

I nfrared Roof M oisture 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 email.

Infrared I nspections, Inc.
1-800-543-2279

Advertise
Your Product or Service

Business Card Size Ads Only $250 Per Month

Call: 800-828-1902
www.rci-online.org/mktg-overview.htm
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KEEP ON TOP OF

ROOUEING
vECholie e ¢
with

Intferface

the technical journal of the
Roof Consultants Institute

A monthly publication
from the industry’s commercial roofing

experts, featuring the latest technical
information on today’s roofing issues:

* moisture trapping solutions

¢ energy efficient roof designs
¢ sustainable building products
* roof warranties

¢ protected membrane systems
¢ steep roofs vs. low-slope roofs
* bituminous roof systems

¢ cold-applied roof systems

L]
L]
L]

insulating cellular concrete $ 90
wind resistance

and more... PER YEAR (US)
11 1SSUES*

Name

Company
Address
City State Zip
Phone E-mail

Amount Enclosed $

0 Check (payable to RCI) Q Visa QO Mastercard 1 American Express
Card No. Exp. Date

Name on Card

Signature

MaiL or FAX TO: *RCI does not publish Interface in December

Roof Consultants Institute
1500 Sunday Drive, Suite 204, Raleigh, NC 27607-5151
Phone: 800-828-1902 © Fax: 919-859-1328
www.rci-online.org
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I CALENDAR

MAY 2004

4-6

14

19

19-22

20-21

22

30

Roof Asia 2004
Kuala Lumpur, Malaysia
91-44-2440-5493

www.roofasia.com

Mid Atlantic Chapter Meeting

Virginia

Region [ Meeting

Woburn, MA

Chicago Area Chapter Meeting

Special Program: Mold, A

Balanced Approach
(Course material developed and
presented by Morrison
Hershfield, Toronto, Ontario)

Houston, TX

Region III and Ohio Valley
Chapter Meeting

Indianapolis, IN

Roof Asset Management

Philadelphia, PA

Dach + Wand International

Munich, Germany

Info: 312-377-2657

Rooftop Quality Assurance

Philadelphia, PA

RRO Exam*

Philadelphia, PA

Ontario Chapter Meeting

Hamilton, ON

JUNE 2004

2-4

Greening Rooftops for Sustainable
Communities

Portland, Oregon

Info: www.greenroofs.ca

OF EVENTS

3-4 Wind & Drainage
New Jersey

5 RRC Exam*
New Jersey

8 Mid Atlantic Chapter Meeting
Virginia

6-8 WSRCA Convention
Las Vegas, NV
Info: 800-725-0333

9 Region VI Meeting
Las Vegas, NV

10-12  AIA Annual Convention
Chicago, IL
Info: 800-242-3837

17 Region IV Meeting
Austin, TX

25 Ontario Chapter Meeting
Hamilton, ON

JULY 2004

10-11  Exec. Comm. Summer Meeting
(tentative)

28-31  Fla. Roofing, Sheet Metal & AC

Contractors Assoc.

Orlando, FL
Info: 407-671-3772

AUGUST 2004

4 Region III - Great Lakes Chapter
Rothbury, MI

5-7 Michigan Roofing Cont. Assoc.
Rothbury, MI
Info: 586-759-2140

18 Region VI Meeting

San Diego, CA

24 Waterproofing

St. Louis, MO
25 Rooftop Safety for Consultants &
Building Owners
St. Louis, MO
26-27  Rooftop Quality Assurance
St. Louis, MO
28 RRO Exam*
St. Louis, MO
SEPTEMBER 2004
9 Region IV Meeting
Dallas, TX
14-15  Roof Tech. & Science I
Baltimore, MD
16-17  Roof Tech. & Science I

Baltimore, MD

16 Mid Atlantic Chapter Meeting
Maryland

17 Region II Meeting
Jacksonville, FL

17 Chicago Area Chapter Meeting

25-26  Mid-Year Board Meeting
(tentative)
Miami, FL

Black print: Industry events
Blue print: RCI events

Calendar subject to change
without prior notice.
Visit www.rci-online.org
for schedule updates.

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