




Table 10. The five most common problems for each of the main t~s of roof
membranes, as reported from Project Pinpoint in 1990

Mnrane Type

Elastomeric

Modified Bitunen

Thermoplastic

Built-Up

Problem

Seam Defects

Puncture!Tear

Shrinkage
Wind Related

Blistering

Seam Defects

Shrinkage

Blistering
Enmrittlement

Wind Related

Shrinkage

Blistering

Puncture/Tear
Seam Defects

Wind Related

Blistering

Splitting

Ridging

SlipPage
Wind Related

percentb

50
21
13
10
5

36
11
10
8
2

42
29

17
9
3

24
22

18
6
3

p

:!his table was assnled from data given by Cullen [32]-Percent of problems reported for the given type of membrane.

As an initial step toward the development of criteria for seams,
Appendix A pre~ents an outline in performance format. Note that
the outline includes suggestions for requirements, criteria, and
evaluative procedures for membrane attributes other than
watertightness. At the present time, only the requirement
statements are proposed. Development of the criteria and
evaluative procedures are left for future study.

In the case of watertightness, criteria suggested for development
not only include mechanical-load resistance, which addresses
delamination of the seam, but also permeability and puncture
resistance. These last two requirements consider ways for a
membrane to lose watertightness in a seam in a manner comparable to
that through the membrane material itself. They are included in
the seam criteria so that the set will be complete and stand alone.
In practice, the criteria and test methods for permeability and
puncture resistance should not differ from those suggested for the
membrane material.

Finally, as mentioned, ASTM Committee 008 has a task group working
on the development of performance-based criteria for seams.
Suggestions for completing the outline given in Appendix A would be
of assistance to the work of this task group.
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5. SUMMARY

Low-sloped membrane roof systems have been one of the most problem­
prone components of commercial and industrial buildings. Although
the first efforts toward using a performance approach for
developing criteria for membrane roofing were undertaken in the
united states in 1964, over 25 years later such criteria have not
been issued through the consensus standards process. A standard
specification developed according to the performance approach
defines a product in terms of the functions it is to perform, as
required by the user, whereas a prescriptive specification defines
a product in terms of parameters such as its constituents, physical
properties, or method of manufacture. Performance and prescriptive
specifications should be considered as complementary. In the
latter case, the required tests may be conducted more rapidly than
performance tests, which can be beneficial for product
identification or quality control.

A fundamental aspect of the performance approach is that selection
criteria are based on an understanding of the requirements
necessary for the membrane system to perform acceptably in service.
Moreover, requirements may be variable depending upon factors such
as building use and environmental exposure, which provides use of a
product under favorable circumstances. The availability of
performance-based criteria would greatly assist in eliminating some
of the defects that have plagued low-sloped roofing over the years.

As usually formalized, the performance approach uses four main
statements in a specification:

1. the reauirement -- a qualitative statement which describes
what the product is to accomplish.

2. the criterion -- a quantitative expression of the level of
performance which the product must meet to perform acceptably.

3. the test -- the evaluative method used to determine that the
product conforms to the stated criterion.

4. commentary -- explanatory comments on the reason for, or
intent of, the stated criterion.

This report outlines a performance approach for developing criteria
for membranes used in low-sloped roof applications. An overview of
previous efforts for applying the performance approach to membrane
roofing is given. The approach consists of seven steps including
identification of the key functions to be performed by a roof,
identification of attributes essential to satiSfactory performance,
development of the requirements, criteria, and test methods, and
putting in place a feedback mechanism to revise the criteria, if
warranted, as new information becomes available on the performance
of the system in service.

21



Five key functions associated with the performance of the membrane
in a low-sloped system were identified, and attributes and
performance requirements for each function were proposed:

1. Watertightness -- the prevention of water ingress through the
top of the building.

2. Maintainabilitv -- the long-term capability to have the
roof system repaired effectively and economically as it
weathers under the given environmental conditions, or in
the event that leaks occur due to unexpected service
loads.

3. Health and Safetv -- prevention of undue risk to the
health and safety of the installers or the users of the
building.

4. Environmental Im~act -- prevention of undue harm to the
environment, either during installation or service.

5. Appearance -- preservation of the roof appearance during
installation and throughout its service life, when
designed to be aesthetically attractive.

Of these five functions, watertightness is the one that directly
affects the major problem (i.e., leaks) associated with low-sloped
roof performance. As a consequence, the majority of the
requirements recommended for membrane systems in past studies, as
well as in the present report, have emphasized this aspect of
performance. In the present study, 17 attributes associated with
watertightness were identified as essential to satiSfactory
performance of the membrane.

It is recognized that considerable effort may be needed to develop
criteria and test methods for the complete set of attributes.
Consequently, it is suggested that initial work should focus on
those attributes of membrane roofing that have been associated with
the most problems. Review of data from NRCA's Project Pinpoint
indicated that seam defects in single-ply and polymer-modified
bitumens have been the problems most frequently encountered for
these types of membrane systems. On this basis, it was further
suggested that the application of the performance approach to
membrane roofing begin with the subject of seams. As an initial
step in this direction, an outline of the needed criteria was
presented including attributes and suggested requirements. The
development of criteria and test methods are reserved for future
study.
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APPENDIX A. PRELIMINARY OUTLINE FOR CRITERIA FOR SEAMS OF LOW­
SLOPED ROOF MEMBRANES

This Appendix suggests, in performance format, the key requirements
for seams in single-ply membranes. The requirements are listed for
five attributes: watertightness, maintainability, health and
safety, environmental impact, and appearance. Each requirement
statement is followed by a skeleton outline of criteria, evaluation
method, and commentary. However, no criteria nor test methods are
suggested at present; they are to be completed in the future.

A.l ATTRIBUTE: WATERTIGHTNESS OF A SEAM

A.l.l Requirement

a) Criteriona
Evaluation
Commentary

b) Criterion
Evaluation
Commentary

c) Criterion
Evaluation
Commentary

d) criterion
Evaluation
Commentary

e) Criterion
Evaluation
Commentary

f) Criterion
Evaluation
Commentary

Resistance to Mechanical Loads. The seam
shall be capable of sustaining, without loss
of watertightness, the mechanical loads
expected to be imposed in service from
internal or external causes.

Peel strength

Shear strength

Creep resistance in peel

Creep resistance in shear

Cyclic movement resistance

Flexure resistance

aThe criteria, evaluations, and commentaries for all
requirements are to be completed.
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A.l.2 Requirement

a) criterion
Evaluation
Commentary

b) Criterion
Evaluation
Commentary

c) Criterion
Evaluation
Commentary

A.l.3 Requirement

a) criterion
Evaluation
Commentary

Puncture Resistance. The seam shall be
capable of withstanding, without loss of
watertightness, the static and dynamic
puncture loads expected to be encountered in
service.

static puncture

Dynamic puncture

Hail resistance

Resistance to Water Transmission. The seam
shall prevent the passage of water through
the roof under expected service conditions.

Permeability to liquid water

A2

I'li li1r



A.l.4 Requirement

a) criterion
EvaluationCommentary

b)

criterion
EvaluationCommentary

c)

criterion
EvaluationCommentary

d)

criterion
EvaluationCommentary

e)

criterion
EvaluationCommentary

Effects of the Environment. Seams
shall not be affected by internal and
external environmental factors expected to be
encountered in service to an extent that
their ability to prevent water ingress will
be impaired over the design life of the
membrane.

Heat

Moisture

Solar radiation

Airborne pollutants

Chemicals

AJ



A.2 ATTRIBUTE: MAINTAINABILITY

A.2.1 Requirement

a) criterion
Evaluation
Commentary

b) Criterion
Evaluation
Commentary

c) criterion
Evaluation
Commentary

d) criterion
Evaluation
Commentary

e) criterion
Evaluation
Commentary

f) criterion
Evaluation
Commentary

Sheet Condition. The properties of the
membrane materials shall not be altered
during exposure to the extent that a seam
cannot effectively and economically be
patched or otherwise repaired in the event
of an unforeseen leak.

Peel strength

Shear strength

Creep resistance in peel

Creep resistance in shear

Cyclic movement resistance

Flexure resistance

A4
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A. 3 ATTRIBUTE: HEALTH AND SAFETY

A.3.l Requirement

a) criterion
Evaluation
Commentary

b) criterion
Evaluation
Commentary

c) criterion
Evaluation
Commentary

d) criterion
Evaluation
Commentary

Health and Safetv Durinq Installation.
Installation of the seams shall not impose
undue risks to the health and safety of the
installers and users of the building,
or of damage to the building itself.

Combustible materials

Toxic materials

Ignition

Burns (thermal)

A.4 ATTRIBUTE: ENVIRONMENTAL IMPACT

A.4.l Requirement

a) criterion
Evaluation
Commentary

Installation Effects on the Environment.
Installation of the seams shall not cause
undue damage to the environment.

Volatile Organic Components.

A.5 ATTRIBUTE: APPEARANCE

A.5.l Requirement

a) criterion
Evaluation
commentary

Installation Effects on Appearance.
Installation of seams shall not detract from
the appearance of the building, in those
cases when building attractiveness is
of importance.

Uniform appearance.

AS
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