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FOREWORD

This imestigation was performed for the Directorate of Military Pro-
grams, Office of the Chief of Engineers (OCE), under Project 4A762731AT41,
“Military Facilities Engineering Technology"; Task A, "Military Construction";
Work Unit 044, "New Roofing Concepts in the Military Construction Process."
Tre OCE Technical Monitor is J. Ichter, DAEN-MPE-S.

The work was performed by the Engineering and Materials Division (EM),
U.S. Army Construction Engineering Research Laboratory (CERL). The CERL
Principal Investigator was Dr. E. L. Marvin. Dr. G. R. Williamson is Chief ot
EM.

COL Louis J. Circeo is Commander and Director of CERL and Dr. L. R.
Shaffer is Technical Director.
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AN EVALUATICN OF POLYVINYL CHLORIDE (PVC)
SINGLE-PLY MEMBRANE ROOFING SYSTEMS

1 INTRODUCTICN

Backgrourd

Most Army facilities use conventional roofing systems, such as built-up
roofing (BUR), that are sometimes expensive and complicated to construct.
These conventional roofing systems are often also comparatively short-livea,
resulting in high life-cycle roofing costs which are difficult for alreacdy
overburdened Army operation and maintenance budgets to absorb. Therefore, the
Directorate of Military Programs has asked the U.S. Army Construction
frgireering Research Laboratory (CERL) to attempt to identify alternative,
easy-to-install roofing systems that can improve the performance of Army roof-
ing whilce reducing life-cycle costs.

Objective

The overall objective of CERL's rocfing studies is to (1) evaluate inno-
vative roofing systems and materials to determine alternatives to BUR systems,
{2) provide a means toc improve Army roof performance and reduce 1ife-cycle

costs, and (3) develop guide specifications for selected alternative systems.

The specific objective of this report is to document an investigation
into the use of one &lternative material, polyvinyl chloride (PVC).

Approach

This investigation is being conducted in the following steps:
1. Survey of literature, manufacturers, and field applications to identify
adventages, disadvantages, benefits, and problems associated with the use of
PVC membrares.
2. Construction of PVC membrane roofs at selected Army installations.

2. Evaluation of the design, construction, and post-construction performance
of the test roofs over a period of 2 years.

4. Determination of the suitability of PVC for use in Army roofing systems
and the possible subscquent development of a quide specification.

This report documents Step 1, above.

&




Mode of Technolegy Transfer

A W A

If the results of this study show that PVC roofing can be used at Army
installations, a Guide Specification for the use of PVC membrane roofing will
be included in the Corps of Engineers Guide Specification series 07000.
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7 DEVELOPMENT OF PVC AS A ROOFING MEMBRANE

History

the use of PVC for roofing originated in Europe, where the first PVC roof
was installed in 1955.1 Several manufacturers have entered the fiela since
then, and new PVC roofs can be found in all climates from Saudi Arabia and
Ugenda to Spitzbergen, Norway. One of the first successful PVC roofs was
installed in the continental United States in 1971. It was built by Trocal in
the Paterson, NJ area on a high-rise apartment building. About 10,000 sq ft
(929 m2) were installed (loose-laid and ballasted) on board insulation above
the old BUR. Originally all PVC roofing membranes were manufactured in
Europe, but at least two manufacturers now produce the material in this coun-
try.

Manufacture

In its raw state, PVC is a hard, brittle solid. Before PVC can be used
as roofing material, it must be formulated with softening materials called
plasticizers which alter its physical and mechanical properties. Some plasti-
cizers result in a material which is still a hard solid, but which is no
longer brittle. The most common uses of this form of PVC are viny! siding for
residences and water and waste piping. Other plasticizers create a soft, pli-
able material which is used for clothing and furniture upholstery.

The plasticizers used for roofing membranes must result in a material
vhich is firm but resilient, elastomeric, nonvolatile, and able to withstand
long-term exposure to ultraviolet radiation and severe changes in weather.

Depending on its manufacturer, PVC sheets are available in widths from 4t
to 8( in. (1219 to 2032 mm), thicknesses from 32 to 60 mils (0.8l to 1.51 mm)
and Tengths from 65 to 15C ft (20 to 45 m). There are three basic methods of
producing these sheets: calendering, extruding, and spread coating.

1. Calendering is a process by which a formless mass of PVC is progres-
sively reduced in thickness and increased in width by passing it between suc-
cessive pairs of rolls. Because of the effects inherent in calendering, it is
necessary that the resulting single thickness be no more than 32 mils ?0.88 nm%.
Thicker sheets produced by the calender process must be laminated from at leas
two thin sheets.

2. Extruding is a process in which the softened, hot PVC is forced
through a die of the proper size and shapec to produce the desired product
immediately.

3. Spread coating is a process in which a loose-woven or felted rein-
forcing fabric is spread on both sides with soft, hot PVC and heat-cured into
one integral sheet.

1 "Singling Out the Single-Ply," Roofing, Siding, Insulation, Vol %4, No, 1l
(November 1977), p 62.




Ruintorcing maeterial can be ca'iivered intc a laminated sheet but not
mscerted into an extruded .

Prujerties

To be successful as a roofing membrane, PVC must retain its properties
over o wide range of temperatures and other ambient conditions; i.e., it
shouid remain resilient and elastomeric from subarctic to subtropic climates,
and be able to withstand long exposure to sunlight, water, snow, &nd ice. It
should kave enough tensile strength so that when the membrane shrinks, it will
nct tear away from its fastenings. It should also have elasticity to prevent
the build-up of excessive tensile stresses. Its plasticizers should evaporate
slowly enough to allow the material to retain its resilient and elastomeric
properties for many years. It should also be easy to make permanent, water-
tight membrane seams in the field. The membrane should permit the passage of
water vapor, but not liquid water, and should resist attack by common chemi-
cals and solvents. The completed roof should meet Factery Mutual end Under-
writers' Leboratories fire safety requirements.

The physical and mcchenical properties of some of the PVC sheeting
currently on the market for use as roof membranes are listed in Table 1. (The
manufacturers contacted during this investigation did not all list the same
rroperties in the same units and did not use the same test methods for all the
determinations. However, Table 1 compares all PVC propertics on the same
basis to allow an engineeriny evaluation of the different materials.)
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3 CHARACTERISTICS OF PVC ROOFING MEMBRANES

Advantages

Because PVC roofing membranes are single-ply, they have several advan-
tages over traditional BUR systems.2

1. Light we1th The traditional BUR with aggregate cover weighs about
6 1b/sq ft (30 kg/m¢), not including insulation. An unba]]asted single-ply
PVC mombrane roof weigks less than 1 1b/sq ft (5 kg/ml).

2. Adaptable. PVC systems can be used on almost any roof slope or sub-
strate material, including architecturally prominent roofs.

2. High elasticity. PVC systems caen elongate to bridge cracks in the
substrate and accommodate both thermally and structurally induced movement.
In many cases, membrane expansion joints are not necessary.

4. Good reflectivity.

5. Easy to install. PVC systems generally require less effort to
install than traditional BUR systems; application is cleaner, cooler, and
requires smaller crews.

€. Easy to repair. Reroofing or repairing PVC single-ply membranes is
relatively easy and sometimes can be done without entirely removing the under-
lying system. Small punctures are easy to patch L' cementing a new piece over
the hole.

7. Easy to insulate. PVC systems allow insulation to be readily added
to existing buildings.

8. Coinpatible. PVC membranes are chemically inert to many commonly
encountered environments; exceptions are discussed in Chapter 5.

9. Immune to shortages. An asphalt shortage caused by a scarcity of
petroleum will not affect the use of PVC roofing systems, as little or no
asphalt is used in PVC installation.

10. Easy to flash and seal. PVC allows intersections with vertical
walls, parapets, and roof penetrations to be easily flashed and sealed with
adhesives and rocfing accessories.

11. Vepor permeability. Although PVC roofing membranes permit the ready
passage of water vapor, thus allowing the roof to "breathe,”" they are imperme-
able to liquid water.

2 g. Marvin, et al., Evaluation of Alternative Reroofing Systems, Interim Re-

port (IR) M-263/ADA07157€ (U.S. Army Construction Engineering Research La-
boratory [CERL], June 1979).




Disadvantages3

1. Small safety facter. Shect-appliced systems offer only a small satety
factor, since a single membranc layer will almost certainly allow any puncture
or failure to cause leakage. Thereforc, the success of these systems depends
on competent workmanship which assures thel the membrane is properly sealed.

2. Lack of dimensional stability. Some membrane materials are not
dimensionally stable. This can cause the membrarr to shrink and separate from
seams or flashings.

3. lInadequate operational statistics. While PVC systems have been used
in Europe for abcut 15 years and in the United States for about 9 years, there
kas not been enough time to ascertain PVL performence when compared with the
8(0-year history of BUR systems. Alsc, material changes occur frequently, and
a product purchased today may not resemble its counterpart purchased 5 or 10
years ago.

4. Lack of performance and design criteria. As a result of limiteu
exposure and a wide variety of formulations in use, there are no real stan-
darde by which to judge PVC roofing systems. The design parameters which must
be cont~ciled to ensure proper performance are not well known. The only
industry standard currently in use which even approximates the required pro-
perties is ASTM D 30E2, which stendardizes the requirements for PV( pond,
canal, and reservoir 11n1ngs.4 The maximum thickness described in this specif-
ication is 3C mils (0.76 mm), while all roofing membranes made are thicker,
ranging up to twice this figure. The allowable shrinkage of 5 percent is too
high for use as a roofing membrane, the resistance to soil burial is not
important, and no determination is made ot the effects of exposure to ultra-
violet radiation.

PVC Failure -- Causes and Case Histories

No one material can mect all roofing needs; PVC is no exception. Certain
restrictions on its use arc recognized by the manufacturers, others are
deduced from familiarity with PVC's characteristics. (Data on membrane, other
components, and workmanship-related failure given below were provided to CERL
by Sarnafil, Inc.)

Membrane Faillures

1. The methods used in the manufacture of PVC membranes can cause the
membranes to shrink after they are applied. Calendered and extruded membranes
are created with inherent stresses caused when their molecular structure is
reorganized by the heat used in the manufacturing process. When exposed to
solar radiation (i.e., after being applied to a roof), solar heat gain causes

3 The informetion in this section was taken from E. Marvin, et al., Evaluation
of Alternative Reroofing Systems, IR M-2b3/ADAQ71578 (CERL, June 1979).

4 specification for Flexible Poly (Vinyl Chloride) Plastic Sheeting for Pond,
Canal and Reservoir Lining, ASTM D 3082 (American Socicty for Testing and
Materials [ASTM], 1976).
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yet another molecular vestructuring, This ctfect can be observed at the
membrane's perimetors and terminations; i.e., the membraone may ectually tear
away trow 1ts attachments, causing the roofing system to fail.

2. Reinforcing material has been used to add dimensional stability and
strength to PVC membranes. [t is not easy, however, to reinforce a membrane
which is calendered or extruded unless the membrane materials are laminated to
the reinforcing materials. Therefore, it is possible that the membrane will
delaminate after it is installed and exposed to the various stresses of
weather and aging.

3. PVC membrancs are subject to plasticizer migration and volatiliza-
tion. These occur as the membrane ages or when it comes in contact with cer-
tein incompatible materials. Plasticizer migration and volatilization can
erbrittle the membrane; the resulting flexibility loss can seriously damage
the roofing system.

Failures Related to Other Components in the Roofing System

1. With increased heating costs and the current emphasis on fuel econ-
omy, almost all roofing projects use thermsl insulation. The cheoice of which
insulation to use must be made with the roofing membrane in mind. Material
incompatibility must be¢ avoided; PVC materials cannot be used if they will
come into direct contact with any asphaltic or bituminous materials, so any
insulation which has an asphalt-impregnated skin may not be used. Polystyrene
insulation also may not be used, since it rapidly extracts the plasticizers
from the membrane, causing it to become brittle. In addition, uncured polys-
tyrene insulation has a high shrinkage rate; even in loose-laid and ballasted
applications, ballast weight plus solar radiation can cause an unadhered mem-
brane to stick to the polystyrene insulation. Shrinkage under these condi-
tions can create serious problems; i.e., the membrane may be pulled away trom
the intersections of vertical and horizontal surfaces.

2. When thermal insulation is mechanically fastened to the deck, the
uplift resistance of the entire roofing assembly depends on the quality of the
fasteners and the pattern of the nailing. Fasteners with sharp-cornered
rlates or nails which protrude above the surface of the insulation board can
puncture PVC membranes.

3. In fully adhered applications, the ways the insulation is bounded to
the deck and the membrane are critical to the uplift resistance of the system.
It is equally critical that the insulation have enough interlaminar strength
to withstand wind uplift forces. Delemination may cause the entire roofing
assembly to blow otf the roof.

Failures Related to Workmanship

A1l overlap seams are made by the roofing contractor on the jub site
(unless the roof is prefabricated) using the sealing mcthod required by the
manufacturer., If the quality of the seam is poor, a roofing failure may
occur., The manufacturer's specifications must be foliowed; failure to follow
manufacturer's specifications or use of “short-cut" methods can cause the roof
to fail. Materials must be stored properly onsite in a dry and asphalt-free
environment.,

14
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Failure Experience in the United States

This study considered several cases of PVC rocf failure. In one case, a
group of PVC membrancs split where they joined metallic base flashings because
of stress caused by shrinkage and plasticizer Toss. This splitting occurred
as workmen welked on the roofs during routine inspection; when cuts were made
along the flashings to relieve the stresses, the membranes continued to tear,
but at an angle to the flashings. The manufacturer recovered the buildings
with new PVC material, which was placed directly over that which had failed.®
In another case, failure cccurred during construction on a largs warehguse in
Freeport, ME, in January 1979. When the temperatures fell to O°F (-187C) or
gglow, an area about 1/6 of the total PVC membrane {about 25,000 sq ft [2320

]), shattered like glass when any object was dropped on it. However, only
one lot number of the shipment had this problem; the balance of the material
was flexible even at low tempereturcs. The manufacturer reglaced the defec-
tive material at no cost to the contractor for either material or labor.6b

Failure Experience in Europe

A contractor in Switzerland has reported negative experience with PV(
roofing installations.’ From 1969 to 1976, he applied between 40 and 50 PV(C
single-ply installations using 32 mil (C.81 mm) unreinforced sheets. This
contractor stopped installing single-ply systems in 1976, All single-ply sys-
tems installed by this contractor before then were having problems, most ot
them after 2-1/2 to 3 years. The PVC used was not resistant to ultraviolet.
After exposure to the elements, the sheet changed to a brown color, became
hard and brittle, and began to split. Splits occurred even where the sheet
was covered with ballast. On some installations, the sheet shrank 7 to 17
percent. On one appiication, leaks resulted from insect perforations.

5 personal communication between CERL and American Telephone and Telegraph
Co., 21 January 1980.

6 personal communication between CERL and James A. McBrady, Inc., South Port-
land, ME, 21 February 1980.

7 preliminary Report on Single-Ply Systems (Midwest Roofing Contractors Asso-

ci1ation, June 1978).




Ly INSTALLATION METHODS

Details of the installation methods described in this chapter are in
Appendix A.

Locse Laid

The simplest way to install PVC membrane roofing is to lay it loosely on
top of the substratc. The membrane is attached only around the perimeter of
the roof and at any penetrations which may exist. Depending on the desigr,
insulation may be installed either below or above the membrane. The insula-
tion does not need to be fastened in place, as the roofing system is ballasted
to resist wind uplift. The weight of this ballast is normally 10 1b/sq ft (50
kg/m¢), which is heavy enough for most locations. The ballast material is
either well-rounded, water-washed gravel 3/4 to 1-1/2 in. (19 to 38 mm) in
size (which corresponds to size No. 4 in ASTM C 33)8 or concrete pavers of the
preper thickness to provide the necessary weight,

The 1nose-laicd concept allows the roofing membrane and the structure to
move independently. It has the following major benefits:

1. Cracking caused by wrinkling, blistering, and splitting is eliminated.

2. The high weethering resistance provides a maintenance-free system
with a long service life.

3. Thc membrane can be installed in almost any weather.

4, Installaticn costs compare favorably with those of a conventional BUR
system.

5. Tke membrane cen be prefabricated in large segments offsite, thus
reducing or e¢ven eliminating the need for field seaming.

€. Because ot its permeability, the membrane can be installed over damp
substrates. In winter, 100sc snow can be swept off the substrate, but the
surfacc does not need ic be completely snow-free. As the moisture evaporates,
the vapors will pess through the membrane. A ventilated installation will
accelcrate this process.

7. The membrane mey be applied on roofs with slopes up to 1 to 12.9

£ Specitication tor Concrete Aggregates, ASTM ( 33 (ASTM, 1978).
® E. Marvin, et al., Evaluation of Alternative Rcroofing Systens, IR M-
263/ADA07157¢ (CERL, June 1979).
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Partial Bonding

This method uses elements of both the loose-laid and fully bonded sys-
tems. A number of round plates are firmly fastened to the substrate by
mechanical means in a predetermined pattern and spacing. The membrane is then
bonded to this pattern. Insulation or other board material beneath the mem-
brane must also be tirmly fastened or adhered to the substrate.

Partial bonding is well suited to reroofing projects where the old roof-
ing is not removed, as very little weight is added to the structure. In addi-
tion to many of the benefits of the loose-laid system, partial bonding:

1. Has a low dead load.
2. Transfers wind uplift forces to the structural deck.

3. Can be applied on almost any slope, and where a ballasted system can-
nct be applied.

4, Eliminates extra weight because ballast is unnecessary.

Full Bonding

This method fully fastens the roofing system to the roof deck. Like the
partially bonded system, it is well suited to reroofing projects where the old
roofing is not removed. It also can be used on steep roofs where ballast can-
not be retained and wherce partial bonding will allow the membrane to sag
between fastening points.

For full bonding, a layer of hardboard or insulation must first be
mechanically fastened to the deck, since PVC is incompatible with asphalt or
coal tar. For application above a BUR from which only the lcose gravel has
been removed, an irpermeable separation layer must first be firmly adhered to
the BUR. The roofing membrane is then applied using a contact cement.




5 USING PVC SYSTEMS

Reroofing

About 85 percent of the single-ply PVC roofing installed in the continen-
tal United States is used to reroof failed BUR systems. Single-ply PVC sys-
tems are good BUR replacements because, in many cases, it is not necessary to
remove the old BUR. It is sufficient to sweep off the loose gravel and apply
new insulation and a PVC membrane. If the roof deck is strong enough to bear
the added dead load, the membrane can be loose-laid and ballasted. If not,
then the membrane can be partially or fully bonded, depending on (1) the type
of deck, (2) the moisture content of the existing system, (3) the ease of ven-
tilation, and (4) the slope of the roof. Installing a single-ply membrane
without removing the old system uses much less labor than if the old BUR has
to be removed.

The manufacturers of single-ply systems all claim that it is unnecessary
to remove the old roof, that even a saturated system will eventually dry out.
As their reasons, they cite the permeability of the membrane, which will allow
the passage of water vapor but not liquid. Much caution should be taken in
considering this method of reroofing.10 A deteriorated BUR above saturated or
excessively wet insulation constitutes an unacceptable substrate. The effec-
tiveness of vents in relieving this condition has not been determined by
technical studies, and lateral migration of moisture to the roof edge is
extremeiy slow, if not questionable. If the BUR contains blisters or cracks,
these shouid be repaired. The reroofing work should be put on as flat a base
as possible. Most or all of the deficiencies of the substrates should also be
corrected or removed.

Wood fiber board should not be used between old, wet BUR and a new PVC
membrane. The moisture from the wet insulation and BUR membrane will migrate
into the fiber board and cause it to deteriorate before it can be vented out
of the system to the atmosphere.

New Constructicnll

About 15 percent of the single-ply PVC now used in the continental United
States is used for new construction. However, the amount of all types of
single-ply elastomeric sheet roofing installed is only about 10 percent of the
total roofing work being performed. One reason for this is that "The big
built-up roofing companies never really went after the re-roofing market. 1If
you look around, you see that new construction is bituminous roofing. But
even that will eventually change as the price of bituminous materials goes up
and the big property owners in the country switch to single-ply roofing."

10y, J. Rossiter, Jr., and R. G. Methey, Elastomeric Roofing: A Survey, Na-
tional Bureau of Standards (NBS) Technical Note 972 (U.S. Department of Com-
merce, NBS, July 1978).

11411 data and quotations in this section are based on information in "Unrav-
eling thc Mystery of Single-Ply Roofing Systems," Roofing, Siding, Insula-
tion, Vcl 56, No. & (Pugust 1979), p 36.
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The relative cost of o single-ply system as compered to a BUR system is
an important consideration. As an average, the single-ply system costs about
10 percent more than BUR, but there are certain tradeoffs:

1. If the roof s on a very high building, it is difficult tc deliver
the hot bitumen and to meintain it at the proper temperature. Because
single-ply shects are casier to handle, the overall labor cost should be
lower.,

2. 0On a large flat roof, built-up material is less expensive, but with
the passage of time, the prices will balance out as both labor and materials
COSts increase.

2. The initial cost of instaliation is less for a BUR, but in 3 or &
years, maintenance costs an a BUR will even out this difference. In 8 to 10
years, a BUR will cost about one-third more than a relatively maintenance-frec
single-ply roof.

Flashing and Sealing

Flat Vertical Surjaces wid Rool” Edics

There is no industry-wide standard tor flashing PVC rocf membranes
2gainst wells, parapets, or curbs. The twc common methods in use are:

1. PvC-coeted shect wetal is extended up the vertical surface and out
onto the roof (with or without ¢ canted portion). The roof membrane is then
solvent -velded to the sheet metul.

2. The roof membrane is extended up the verticel surface to whatever
termination is neccssary. All PVC manutacturers recommend cither one or the
other method (depencding on the epplication).

AT PVC manutacturers supply skret metal coated on one side and painted
on the other, The PV( coating serves two purposes: it provides a PYC surtace
to which the membrane sheet can be welded, and protects the metal (usually
gelvanized steel) from corrosion. Because the membrane tends to shrink, the
manufacturers require that the horizortel flange be mechanically fastened to a
wood neiler especially installed for thet purpose. Specified pullout
strengths vary from 75 to 178 1b-force/tt (1095 to 2560 N/m), depending on the
individual manufacturer's specifications. [Expansion joints in the sheet metal
are usually made by leaving e gap between conds of the sections, covering the
gap with tape or kreft paper os a slip sheet, and then solvent-welding e wider
piece of PVC roof membrane to cover the juint. There may or may not be a
backing plate (another piece of coated shect metal) beneath the flashing. As
thie roof membranc 15 weldea on tofp of this strip and the sheet metal flange,
caretul attention must be given to preparing and sealing the junction where
all these surfaces meet. The edge of the sheet metal where the roof membrane
1 attached 15 Lsually ¢ sheored edge.  tven thouyh the direction of shearing
15 down, there 14 the possibility that this edage will be sharp. However, none
Lt the manufacturers recommencs that this edge be turned under 1o provide a
rounded finish before the membrare 1s attached.
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In five of the installations observed during this investigation, the
attachment of the coated sheet metal to the roofing membrane was deficient.
The horizontal flenge ot the sheet metal was elevated above the surface ot the
substrate, which also reised the membrane. The space between the flange and
the substrate could not be measured, but was estimated to be from 1/4 to 1/2
in. (6.35 to 12.7 mm). It appeared that the sheet metal flange was improperly
fastened or not fastened. Tension from the shrinking membrane had pulled it
up and away. It is possible that the insulation had shrunk until its surface
was below the surface of the nailer, thus leaving the air space below the mem-
brane. However, this was unlikely, as the sheet metal itself had apparently
been raised from its original position. This problem was seen on roofs of two
different manufacturers. It is possible that this defect is inherent in the
PVC single-ply system. It may also be the result of improper installation.
1f the problem was caused by insulation shrinkage, then the wrong insulating
material was used. Insulation boards must be dimensionally stable, and in
most cases, must also be approved by the membrane manufacturer (see the next
section of this chepter for a more complete discussion).

Cormers

There is no industry standard for sheet metal flashing corners. Some
manufacturers provide premolded PVC covers for inside and outside corners.
Others tell the contractor to overlap the sheet metal and seal with sealant.
In either case, the corner must be flashed very carefully if the joint is to
be waterproof.

Pipes and Conduits

Unlike menufacturers of other types of single-ply roofing, manufacturers
of PVC roofing dc not furnish prefabricated pipe sieeves for flashing plumbing
vents and other pipes which penetrate the roof. Pipe flashing with PVC is
basically a two-piece installation. A flat flange piece of membrane is fitted
around the pipe, rising up the pipe for a short distance 1ike a collar.
Another piece is then wrapped around and cemented to the pipe. This piece is
solvent-welded to the flange piece. Seams are then sealed with a sealant.

Cne manufacturer is more explicit than the others in the instructions for
installing the flange piece. This manufacturer recommends cutting a hole
one-fourth to one-third smaller in diameter than the pipe and then pulling
this down over the pipe so that the collar is formed. GCther manufacturers
merely show the assemvly in their details, leaving the procedure to the
installer.

Seams

PVC is a thermoplastic material that (1) dissolves in certain solvents,
and (2) softens and even melts at elevated temperatures. Both of these pro-
perties are used to form seams when PVC sheets are joined. A1l manufacturers
specify a miniruin seam lap; some manufacturers use mostly solvent to weld the
Taps. This solvent can be put on either by hand (with a paint brush) or with
a special applicator machine. In either case, the seam is pressed with a
roller to expel any entrapped air and to weld the two surfaces together.

Another way to seal PV(C seams is to heat weld them. When a seam is
heat-welded, hot air is blown through a special nozzle; the nozzle is drawn
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between the sheets being joined, and the seam is pressed together with a
roller. After the seams are welded, they are checked by drawing ¢ probe along
the exposed edge. Unscaled areas, called fishmouths, are heated, pressed
together again, and rechecked.

PVC manufacturers claim that soévent wslding allows PVC sheets to be
joined at temperatures as low as -1%F (-267C). Although theoretically possi-
ble, this 1s impractical, as both solvent and sheet will have to be preheated.
Such low temperatures would also mean uncomfortable wosking conditigns. A
more practical low temperature 1imit would be 15 to 20°F (-10 to -77°C) at low
wind velocities. One manufacturer recommends preheating below 40°F (47°C).

Joints between PVC membranes and all flashings are usually solvent-welded
and rolled. After all seams have been probed and completed as necessary, all
edges of all lap joints are then sealed with an extruded bead of a PVC
preparation. This preparation is applied from a cartridge with a caulking
gun. When it cures, it forms an integral part of the joint and provides a
waterproof assembly.

Insulation Restrictions

Most manufacturers 1ist the types of insuletion apprcved for their sys-
tems. Some cannot be used with PVC if the PVC and the insulation will be in
direct contact. The manufecturers allew for this by requiring a seperation
layer between insuletion and membrane. All manufacturers require that insula-
tion boards be rigid and dimensionally stable and have low thermal expansion
coefficients. A brief summery of PVC insulation requirements is in Table 2.

b

Compatibility Restrictions

When considering a PVC roofing system, the designer must find out whether
the PVC membrane will react with the other materials on the roof. For exam-
ple. common roof materials 1ike asphalt and coal-tar pitch cannot come in con-
tact with PVC single-ply roofing. If they do, they can cause the PVC membrane
to fail (see Chapter 3). All PVC roofing manufacturers stress that the mem-
brane must be completely isolated from any contact with bituminous materials,
especially coal-tar pitch. Water run-off from a coal-tar pitch roof can des-
troy a PVC membrane; even the fumes from coal-tar must be avoided. Bituminous
materials have the effect of leaching the plasticizers out of the PVC, leaving
it weak and brittle. An interesting demonstration of the effect of bitumen on
PVC sheet was reported by Cliensis, who described the long-term effects of an
experiment in 1970.12 A sheet of PVC was kept in contact with plastic cement
i more than 2 years. The plastic cement leached the plasticizers from the PVC
; and the cement was softened to the point where rain washed it away; the cement
; did not harden as it normally does.

. X TS )

Another material whose compatibility with PVC must be carefully con-
sidered is the treatment used for wood blocking and nailers. Only waterborne

126, L. Cliensis, "Contact Incompatibilities Between Bitumens and Polymers,"
The Roofing Spec, Vol 5, No. 4 (July 1977), p 20.
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wood preservatives must be used. The treatment should comply with American L
Wood Preservers Bureau (AWPB) Standard LP-2,13

Polystyrene insulation must not come in direct contact with PVC, since it
also can rapidly extract the plasticizers from the membrane. Either an imper-
vious slip sheet between polystyrene insulation and the membrane or a compo-
site board of a 1/2-inch (13-mm) layer of vegetable fiber board bonded to the
polystyrene should be used.

Table 2

Comparison of Insulation Recommendations*

Type of Dynamit USM Water
Insuletion Board Nobel Sarnafil Weathershield VCP  Guidance

Glass foam A S N A N
Glass fiber A A A N N
Perlite A A A N N
Urethane foam A A A A N
Polystyrene I S S A N
Composite A A N N N
Other I [ I [ N
A Approved for use

S Approved for use but requires a separation sheet

[ Requires written approval and instructions from manufacturer

N Information not given in published Titerature

*

Although recommendations are readily available from all manufacturers
on specific request, only information published in catalogs or
brochurcs is Tisted in this table.

13standard for Softwood, Lumber, Timber and Plywood Pressure Treated With
Water-Borne Preservatives for Above Ground Use, Standard AWPB LP-2 (American
Wood Preservers Bureau, July 1971).
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G RESULTS OF SITE VISITS

Eight site visits were made to observe existing PVC single-ply membrane
roofs and to photograph installatior ¢t one of them (Table 3). One roct, &
Water Guidance product, was installed in 1978 at the New Urleans International
Airport. It is in excellent condition, and hes required no maintenance tc the
present. time (April 1980).*

The sites visited are listed in Table 3. Sites 1 through 5 had the
flashing and scaling deficiency described in Chapter 4; i.e., the flange of
the sheet metal flashing had pulled up and away from the substrate. All roofs
were loose-laid ana ballasted systems. Since more than one manufacturer weas
involved, it can be deduced that the problem is inherent in the system, and
not restricted to any one brand.

Site 7 was installed between light snows. Because the weather was not
warm encugh to melt the snow, the snow was brushed off the substrate. Both
the insulation and membrane were laid loose. The completed roof was ballasted
with standard-sized gravel. (No matsria1 yas placed nor seams welded unless
the ambient temperature was above 20°F [-77CJ.)

Sites 2 and © had much water ponding. The ponded arees of Site 2 were
properly drained. These ponds were very shallow and were drainirg slowly.
The ponded aree of Site 5 was a clerestory above the dining areca of a barracks
building. [t had no drains, scuppers, gutters or any other means of removing
water. The gravel stops on all four sides served as excellent dams, and the
roof seemed to be dishied with at least 2 in. (76 mm} of water. Neither loca-
tion had any leaks. It should be noted, though, that the older ot these roots
was only 2-1/2 years old at the time of inspection, which may not be enough
time for eny leaks to develop.

A summary of each site visit is in Appendix B.

* For a complete discussion cf the New Crleans International Airport roof, sce
E. Marvin, et al., Evaluation of Alternative Reroofing Systems, IR M-

263/ADACT1IS78 (CERL, June 1979).
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/  CONCLUSIONS

1. Short-term experience indicates that PVC single-ply membranes can be
used to install new roots or to reroof failed roofs.

2. The lack of long-term experience, coupled with the failures reported
in Switzerland and the United States, indicate that extreme caution should be
used in determining the suitability of PVC single-ply membrane roofing for
Army use. This determination may be made in two ways: (1) verify manufactur-
ers' claims for the properties of their materials by independent Government
testing and (2) develop a test specification and install several roofs for
testing, preferably as part of scheduled re-roofing projects at Army installa-
tions, at various locations in CONUS.

3. The two most serious PVC membrane problems are embrittlement from
loss of plasticizer or from exposure to ultraviolet rays and excessive shrink-
age. Membrane shrinkage and embrittlement caused by plasticizer loss can be
minimized by using reinforced PVC membranes ond by using manufacturer-improved
ultraviolet- and evaporation-resistant membranes.
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{ APPENDIX A:

MANUFACTURERS' DETAILS

This appendix reproduces standard PVC membrane details published by four
of the five manufacturers surveyed during this investigation. These drawings
i - have been reduced in size and grouped onto common pages so they can be com-
pared. Dynamit Nobel, USM Weathershield, and Water Guidance use PVC-covered
sheet metal for most or all of their base flashings. Sarnafil relies almost
exclusively on PVC membrane material as base flashing, and only occasionally
uses coated sheet metal. Shrinkage does not seem to be a problem with the
Sarnafil system, bccause the membrane is reinforced with glass or polyester
fibers (see Table 1); shrinkage is 0.5 percent or less.

N
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S1te 1 warehouse, brener boogs, Chempeigr, L

, 1. Systen: Trocel single-ply membrane, loose-laid ana ballasted. Cld
‘ BUR weés removed ernd rew insulation ard rooting installed. Area: 73C0 sq ft
’ (678 meY. Approximcete cost:  $16,000.,

2. hge:  installecd sumrer 14/7,

3. Generel appearance: Kectangulaer roof with gravel stops and gqutters
on the north ind west edges. The cast edge has a junction with an old BUR.
The scouth edge is fleshed to the upper story wall of an adjacent building.

The roof 1s ballasted by well-rounded rock particles, varying in size from 3/4
to about 3 in. (19 to about /7t wm)., The ballast is not distributed uniformly
on the roof surface. Penetratiors include vent fans, plumbing stacks, and
condensing ui its with associeted refrigerant and electric lines. The roof has
enough slopc Lo drain well,

4. Cbservable preblems: A layer of mud aebout 1/& in. (2.2 mm) thick
covers most of the membrane., This indicates the ballast was either not washed
or poorly washed betore being installed. Three supports for a refrigeration
unit were recently pleced on the roof and flashed with bituminous cement.

This could cause the membranc to karden and crack in e relatively short time.
- The Trocal metal base flashing along the south edge had been pulled up and i
away from the insulaticrn surface by membrane shrinkage. ;

5. Meintenance: There has been no maintenance since installation; no
maintenance ;rogram 1< §lenned,

L
VR

te 2. Service end Supply Building, Carle Hospital, Urbana, IL
[New Addition])

1. System: Trocel single-ply membrane, loose-leid and ballasted. New
installation on addition to original building. Area: 10,200 sq tt (948 me).
ﬁ Approxamate cost:  $24 400U,

Z. Age: Installed 197/,

3. General appecrance : Rectanguler roof, bounded on three sides by a
pergpec.  The fourth side hes o grevel stop elong the edge where the lower,
nlder pert of the building continues.  The ballast 1s well-rounded rock parti-
cles, varying 1 size from 2/4 to abeut 3 n. {19 to about 7¢ mm). The bal-
last 15 distributed fairly unmitormly on the root surface. Penetrations
incltude plumbing vent stacks, root drains, one exhaust fan, and one fresh-air
intake,

4. Chkservable probleme: A layer ot mud about 1/4 n, (6.4 mm) thick
covers most ot the membrene, tndicating the ballast was evther not washed or
poorly woshed before nstolletyon,  Vent stacks were covered with flanged lead

h0




sleeves, as required by local building code. Holes larger in diamcter than
the stacks were cut in the membranc when it was installed. The membrane was
then cemented to the flenges of the sleeves, and the edges sealed with Trocal
sealant. The root has little or no slope, and there is much shallow ponding
of water.

L. Maintenance: Somc leaks developea about 6 months after installation.
These were traced to poor counterflashing ar a parapet wall; the counterflash-
ing had not been set intc reglets. The counterflashing and base flashing were
both removed. and a new Trocel metdl bese flashing was installed which
exended up to the top of the parapet. A cap of PVC was installed on top of :
the parapet and sealed over the counterflashing., A leak also develcped at a :
roof drain, which was corrected by tightening the drain. There had been no 3
mair* -nance since then, although @ preventive maintenance program is under 4
dev  opment.

Site 2: Service and Supply Building, Carle Hospital, Urbana, IL
{0Td Building)

1. System: Trocal single-ply membrane, loose-laid end ballasted. The
loose gravel on the old BUR was removed and the new system was installed at ;
the same time the new building was constructed. Area: 830C sq ft (770 mé). i
Approxirate cost: $11,200.

2. Age: Installed 1977.

2. General appearance: Rectangulér roof. bounded on three sides by e
parapet. The fourth side is the vertical wall of the higher new addition.
The ballast is wcll-rounded rock particles, verying in size from 3/4 to about
2 in, (1% to about 76 mm). The ballast is distributed fairly uniformly on the
roof surface. Penctrations include a plumbing vent stack, chase for refri-
gerant lines, roof drains, and supports for an air-conditioning condenser.

4, Cbservable problems: A layer of mud about 1/4 in. (6.4 nmm) thick
covers most of the membrane. This indicates the ballast was not washed or
poorly washed before instellation. The original lead sleeve was left on the
vent pipe. as requirea by the local building code. In this case, the slceve
was covercd with both PVC shect and the flange. The sheet was cut off just
below the top of the stack, cemented to the sleeve, and the edges sealed with
Trocal seelant. There is much shallow ponding of water. The Trocal metal
base tlashing at the new building wall had been pulled up and away from the
insuletion surface by membrane shrinkage.

TREs -

) -

5. Maintenance: There have been no Teaks in the roof and no maintenance 3
has been necessary. A preventive maintenance program was being developed at
the time of the visit.

-
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Cite dr o Ciface Buriding f”\?',tiiﬂﬂl,b“tk" banv i le, L

1. System: breas sirale-p iy membrere, loose-leid ond bellesteds  The
old BUE wae Teft in ylacey only the grevel wos removed.  New 374 1n. (19 mm)
colystyrene anscletaar toard, st shect | and single-ply membrane were

mmstalted. bxasting cownterfloching wos reused,  Area: 17,000 sg ft (1560
reYo Approximete cost: S0,

2. Age: Instcolied June 197t.

2. General appearance: Rectanguler roof, bounded on three sides by &
parapet and on the fourth by e vertical wall. The bsllast is well-rounded
rock particles, varying in size trom ebout 3/& to 2 in. {about 9 to 51 mm),
The ballast s distributed feirly uniformly on the root surfece. Penetrations
are root drains, plumbing vent stacks, ventilating tans, and vents for the
roof membranc.

4. Observaeble problems: A laeyer ot mud about 1/8 in. (3.2 mm) thick
covers the membranc. This indicates the ballast was not washed or poorly
washed before installation. The small size of the particles alsc indicetes
thet either the ballast was not properly graded or the old gravel from the
original BUR was mixed with the new ballast when it was applied. The sheet
metal base flashing along the verticel wall has becn pulled up énd away by
membrane shrinkege.

5. Maintenance: None had been necessary during the 17 months between
installation and the site visit. The plant engineer felt that the originel
BUR, whose insulation wes wet, had completely dried out since the new root was
installed. No maintenance program fs being glanned.

Site 5: Combined Barracks and Dining Facility, U.S. Coast Guard Station, Ciis

AFB, Bourne, MA

1. System: Bracs single-ply memhrane, logse-1c¢id and ballaested. The
old BUR was corpletely removed from the concrete deck onc NG insulation and
single-ply membrane instelled, Arvea: 15,000 sg ft (1480 m™). Approximete
cost: 45,100,

2. Agc: Installec fpra? 167,

2. General appecrarce: hi single-story dining-gelley pert of the
building is rectorquler, wi't o sreller rectenguler clercstory stightly ottsct
nortr from center., /o two-story officers' quarters wing extends south from the
southwest corner. A ten-ctcry eniosted men's quarters wing extends east trom
the southeast coiner,  The bellest 15 well-rounded rock particles varying in
size from 3/4 to about o ovv. L4 1o oabout 51 mm).,  The bailast is distributed

fairly uniformly on the reof curtare. Penctrations are plumbing vent stacks,
ventilation fars, «nd "wo betrres over the galley ared.




4. Observoble problecs:  The ballust on this butlaing hec epparently
been well weshed betore anstellaticn, o4 no mud wes evident snywhere on the
roof. The clerestory hed no drains g voos not slojed to drein, so about 2
in, (7€ nm) ot water was ponded ono1t. Although this deck was of concrete, i1t
had the appearance of beina dishea.

Wincows from borh Livirg cuertore cron Crrectly onto the root over the
dining eérca. The mein access deur 1< 00 the otficers wing, This door aid not
fit 1ts freme and dia not close roperly fin dccess ledder extended from the
ground tc the dining arce roct.  Thire wes ample evidence that all these roof
accesses werce well used.  The bellost hed been completely displaced at eech
location. leaving bere spots which were 1 osg fu (0.09 mz) or larger. The din-
ing arca roof wes well-Tittered with empty bhevirege bottles and cans, broken
glass, end aluminum can pull tobs.

Because two netckes over the galley ofter the only access to refrig-
eration eguipment tor the tcod cold room ana freezer, all maintenance traffic
mist cross the roof. No wolkway for this purpose had been installed.

The sheet metal fleshing <long the residence querter wells had been
pulled up and eway by membrane shrinkage.

L. Meintenence:  ne leak occurred when the exhaust ten on the dining
aree root was dropped during installation, breaking the membrane.  Another
occurred on the clerestory roof when o heat gun used for welding seams wes
rlaced on the membrane, melting a hole. Both were repaired by a representa-
tive of the manufacturer. Therc have been no other leaks since then. Mointe-
nance hes censisted mainly ot picking up the trash at irrcegular intervals. No
attempt has been made to prevent unesuthorized access to tho roof.

Site 6: Marson's Ucpartment Store, Claremort, NH

I. Syster: Saernatil single-ply menbrane, fully adhered to fiberbocerc
insulation applied over the existing BUk and neiled through to the wood aeck.
The gravel and &1l loose material were removed fro? the BUR before the new
insulation was attached. Area: 2848 oy tt (265 mé). Approximate cost:
S75006.

2. Rge: Installed Cecember 1G7%,

2.0 Genergl appecerance s Foctengular roof, bounded on three sides by e
parapet and nn the fourth by o three-story burlaing.  Penctrations are a fow
small vents and ¢ chimney. The membranc 1s tully adbered Lo the substrate, so
there 1s no ballast. The mombrene wes covered with a thin layer of dirt,

(The mechanical fasteners usea to attach the fiberboare to the deck and the
seoms between the fiberboerds hiave caused the membrane to accumulate dirt at
different rates at these locations.) Thermal weak 1inks created by the
fisteners were cvident at the ¢dge of the snew cover where the extra heat loss
Trom the fastoners heo melted the snow.  Laps at seams are tight. All flash-
ings are 1ight and sccurce. Pout drainege 15 provided by one scupper. Alr-
conditioning cquipment was placed on two |lanks se¢t on o second layer of PVC.
The membrene was flexible at the temperature at the twne ot inspection (OOF
r-12°c7y.
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4. Cbservable problems: There were snow and ice on parts of the roof.
in sowme places, they appearcd to be 2 in. (50 mm) thick. The ice had several
contraction crecks, but none ot them appeared to have progressed through the
membrane.  Several wrinkles were observed in the membrane. These wrinkles
were apparently caused by shedr forces. They suggest that some membrane
shrinkage tas occurred. However, ne dislocation of any flashing was observed.
The driveway elongside the building 1s a convenient walkway for individuals
who apparently throw bot*les and other objects up onto the roof. Several
pieces of broken glass were gbserved, along with cans, old pipes, and other
trast. The scupper is blocked by debris.

5. Maintenance: Other than occasional removal of the trash, none has

ever been needed or performed. A suggestion wes made to the owner that 2
screen be installed at the scupper.

Site 7: University of 1l1linois Employees Credit Union, Champaign, IL

1. System: Trocel single-ply membrane, loose-laid and ballasted. This
1s a new installation on a new building. Area: 12,200 sq ft (1130 mz).
Approximete cost: $49,000.

2. MAge: Installed February 1980.

3. Gencral appearance: Rectangular roof, bounded on all four sides by a
Tow stub parapet. Penetrations include roof drains, plumbing vent stacks, two
access hatches, support curbs for air-conditioning equipment, and 22 I-beam
supports for screens to hide all the equipment from view.

The building 1s designed so that a second story can be added in the
future. The present roof is a steel roof deck, 3/4=-in. (19-mm) fiberboard
fastened with screws, No. 43 base sheet single-ply in asphalt, loose-laid
tapered polystyrene insuletion faced with kraft paper surface factory bonded
to it, PVC membrane loose-laid, and 3/4 to 1-1/2 in. (19 to 38 mm) gravel.
The drains are made of lead and all vents are covered with sheet lead. The
PV( membrane is bonded to the lead and sealed.

4, Observeble problems: None as yet; the roof was being instalied when
the site visit wes made. The grevel did not appear to be washed. There was a
lot of dust creeted when the gravel was transferred from the delivery truck to
the 1ift truck and from the 1ift truck to the buggies. The transfer area on
the roof was -~ ered with & heavy silt.
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