hrough periodic or full-time construction observation, quality established requirements for roofing products intended as mini
control observers attempt to address workmanship issues
mum target values for the manufacturers. These target values
may be considered by some as the initial benchmarks of quality.
that can detract from the desired quality of a roof installa
tion. The roof inspector’s role is to document that the specified
The importance of such standards cannot be understated.
materials are being installed in compliance with the project speci
Without them, a flood of new and continually reinvented roof sys
fications. Compliance with published industry and manufacturer
tem components would likely appear. In the absence of minimum,
guidelines, related to the installation of components, is also given
published physical properties, the initial benchmarks of quality
consideration. During the inspections, it is not uncommon to
would, in some instances, be forgotten.
sample individual components or the total assembly as a means
As consultants and design professionals, our firms take pride
to further establish that the products pro
vided are as specified and are being
installed in a manner that is consistent
with applicable standards and tolerances.
Through sampling, it may be determined if
the commodities offered are of lesser value
or quality than specified (Photo 1).
There are hundreds of recognized stan
dards available to establish or identify
desirable characteristics and qualities of
roofing materials. Consensus standards,
such as those developed by ASTM, set the
bar for initial product properties as a proxy
for performance characteristics.
Participants in that process include manu
facturers, consultants, building owners,
and industry members such as contractors
Photo 1: Humans have always made a practice of sampling things to determine their value.
and their affiliated professional organiza
tions. Consultants routinely reference many
of these standards in their specifications. The majority of the pub
in specifying quality materials for use on our projects. This pro
lished standards include descriptive text related to sampling and
vides the roof consultant, contractor, and building owner with rea
testing procedures intended to provide the end user with data
sonable assurances that the materials are consistent with
that will hopefully predict performance characteristics of the sub
established standards and should contribute favorably to the
ject material. Physical properties, dimensions, and mass are some expected long-term performance of the roof assembly. However,
of the values that can be used in the subsequent comparative
the true measure of quality cannot be judged by materials alone.
analysis. The industry, through experience and research, has
A roof system of good quality is not as simple as “green side up.”
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upon the contractor’s ability to install the specified components in
The foundation of quality cannot be properly represented without
compliance with the requirements of the project specifications. As
acknowledging the importance of installation procedures and
the quality of products, system selection, and design can vary, so
workmanship issues.
Typically, the result of any sampling program, pursuant to the too can the means and methods of the installing contractor.
The amount of product or system testing to be conducted in
recognition of product quality, is based on establishing, acknowl
edging, or improving the characteristics of a single component, or, conjunction with construction observation is limited only by the
budget and need to know. Most clients would not be interested in
in the case of a roof assembly, a combination of components that
sponsoring a series of tests to determine the kerosene number of
rely on one another for optimum performance. Most would agree
asphalt-saturated organic felt. While this requirement (or stan
that a responsible sampling program, in conjunction with con
dard) has a basis, presumably adopted because of some proven or
struction observation, can improve the quality of the installation.
desirable characteristic relative to performance, there is no reason
Many of the test methods available are probably not routinely
to promote this type of testing, the cost of which would ultimately
used or considered appropriate for the purpose of quality control
be passed on to the client. The availability of recognized tests that
as they relate to the role of the design professional. For example,
can be done economically, with meaningful results, and the
it is doubtful that many consultants ever intend to sample fiber
potential to acknowledge or improve the integrity or quality of the
glass felts in increments equal to one half the cubed root of the
installation, are few in number.
total shipment, as described and required by ASTM D-146, “Test
Following are some of the test procedures and inspection
Methods for Sampling and Testing Bitumen-Saturated Felts and
methods specific to the installation of built-up roofing, that can be
Woven Fabrics for Roofing and Waterproofing.”1 Acceptance of
individual components is typically limited to a cursory review of
used to assist in determining certain qualities of individual com
submittals and checklisting of materials against those required by ponents or assemblies.
the project specifications. For the most part, it is assumed that
the individual materials specified will meet the physical properties Bitumen
Temperature of bitumen at the point of application is perhaps
criteria of the referenced standards as advertised and promoted
one
of the most important and often overlooked elements of a
on the product labels. We trust that the manufacturers are “mind
quality
installation. Significant industry-sponsored research has
ing the store” related to quality through testing at the production
been
done,
determining that EVT, or equiviscous temperature,
level.
plays
an
important
role in a contractor’s ability to apply the mate
Assuming that, through practical experience, a consultant’s
rials
in
compliance
with
subject tolerances. Operating tempera
project documents exclude products that may be considered “also
tures of tankers and
rans,” or those mate
kettles need to be
rials with limited or
monitored to assure
less than desirable
the
proper tempera
performance histo
ture
at the point of
ries, the products on
application.
his jobs will be of top
Different EVT tem
quality. It is likely
peratures for like
that, huddled on a
materials have been
pallet, tightly bound
adopted for applica
in factory wrappers,
tions using both
these individual com
mechanical spread
ponents are just fine.
ers and hand mop
When the wrapper is
ping. Research
removed, all bets are
indicates that oper
off, as the singular
ating within the lim
material properties
its of the described
and qualities initially
EVT range will
represented can be
improve the mop
compromised by the
ping characteristics
integrity of the instal
of the bitumen and
lation. Installation of
result in more uni
these materials could Photo 2: Asphalt temperatures need to be checked at the point of application.
form interply appli
be considered the
cations of materials.
equivalent of a “fire
Check
the
temperature
of
the
bitumen
at
the
heated source and
and forget” weapon. There is but one chance to get it right; incor
point
of
application
(Photo
2).
Asphalt
temperatures
in tankers
rect installation and latent defects can result in callbacks or a
and
kettles
should
not
exceed
the
finished
blowing
temperature
compromise in the desired long-term performance of the assem
(FBT) (approximately 490º F) for extended periods of time.
bly.
Overheating can result in fallback, or a change in the softening
The storage, handling, and installation of roof system compo
point of the material. Where applicable, require that the bitumen
nents are the responsibility of the contractor. The premise of qual
ity, as it relates to the finished roof assembly, is largely contingent be installed within 25º F of the EVT. For safety reasons, avoid the
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heating of asphalt to within 25º F of the
flash point. Require that the contractors’
heating, transporting, and dispensing
equipment be fitted with working ther
mometers (Photo 3).
Samples of bitumen should be taken on
the first day of production at the point of
application. Submittal samples from the
supplier and chunks off kegs are not repre
sentative of materials at the point of appli
cation. Asphalts are graded and categorized
by softening and flash points, penetration
ratings, ductility, and percent solubility in
trichloroethylene, all of which are refer
enced in the body of ASTM D-312,2
“Standard Specification for Asphalt Used in
Roofing.” ASTM D-36, “Standard Test
Method for Softening Point of Bitumen
(Ring-and-Ball Apparatus),”3 is a relatively
simple test that can be used to determine if
the appropriate grade of asphalt has been
Photo 3: Typical condition of thermometers on dispensing equipment.
delivered to the job site. Failing that criteria
alone is cause for rejection of the lot or
shipment represented by the sample. This
The following guidelines can help determine if applied quanti
can be significant, especially when the roof system construction
ties are appropriate:
involves structural slope that requires a specific grade of mopping
1. When mechanical distribution is used, the aggregate drop
bitumen.
ping into the hot asphalt should push asphalt, resulting in

Flood Coat and Aggregate Surfacing
The importance of flood coat and aggregate surfacing cannot
be understated. Flood coat and aggregate provide the first line of
defense for the underlying felt plies. The flood coat is the initial
waterproofing component of the conventional built-up roof assem
bly. Aggregate surfacing protects the bitumen flood coat from
damaging solar radiation. While there are advantages to the selec
tion of the aggregate-surfaced, built-up roof, its selection or speci
fication is contingent upon structural capacities and can be
driven by budget limitations.
Established industry guidelines suggest that a flood coat be
installed at a rate of 60 pounds per square (100 sq. ft.). Typically,
the aggregate surfacing is to be applied at a rate of 400 lbs. per
square, with 60%, or 240 lbs. per square, embedded in the flood
coat. The contractor’s ability to install these materials in compli
ance with subject tolerances is influenced by the size of the job
and application techniques. The uniformity and coverage rates
can vary significantly if the contractor is required to use pour
cans and shovels to distribute the materials versus hot spreaders
and gravel buggies.
Regardless of the methods available or employed, it is impera
tive that this element be applied in a manner consistent with the
aforementioned industry standards. Currently, there are no ASTM
standards that quantify the applied material as it relates to flood
coat and aggregate surfacing, aside from ASTM D 2829 (“Standard
Practice for Sampling and Analysis of Built-up Roofs”).4 That pro
cedure requires test cuts from finished roof assemblies and is typ
ically thought of as being reserved for use on roof systems
exhibiting performance problems. That leaves the flood coat and
aggregate open to interpretation relating to the quantity of applied
materials.
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a wave.
2. A 60-pound-per-square flood coat is approximately 1/8"
thick. A wet film thickness gauge similar to that used in
the protective coatings industry can be used to assist in
determining that the applied flood coat is approximately
1/8" thick.
3. Double flood and gravel means just that. The initial appli
cation is provided at the rates previously described. The
loose gravel is swept away after the asphalt has cooled, fol
lowed by a second application, or the equivalent of 120
pounds per square of asphalt and 700-800 pounds per
square of aggregate. This is typically required around
mechanical units, roof hatches, or areas where heavy traf
fic is anticipated.

Sampling of New, Unsurfaced, Built-up Roof
Membranes
Much has been said about the practice of sampling and analy
sis of new built-up roof systems at the time of application.
References to the perfect square in studies sponsored by the
industry suggest that this type of testing lacks credibility and the
derived results vary significantly. One such study is based on
samples taken from a 5'x13' test area.5 Reportedly, the construc
tion of the test area was closely monitored, using state-of-the-art
application procedures. Based on the study, the author deter
mined that the foundation of quality is based on good roofing
practices and application procedures, a philosophy with which
most would agree. The results challenged the validity of roof cuts
when used to establish parameters for quality control.
The practice of sampling new built-up roofs is misunderstood
and misrepresented. It is not intended to establish the parameters
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of quality control. It is a means by which to establish some level
of confidence that the contractor has the ability to install the
specified materials in compliance with accepted industry stan
dards. The aforementioned parameters of quality are self-imposed
by the industry and manufacturers, both of which have adopted
and promoted specific application rates for materials. All major
component manufacturers publish certain guidelines that are to
be followed when installing their products; more specifically, aver
age mopping tolerances, the uniform distribution of applied mate
rials, and application temperatures. It can be said with reasonable
certainty that these guidelines are the result of some perfor
mance-based criteria, information obtained from samples or sys
tems that did not perform as intended, or, perhaps, research that
has been done as the roofing community continues to develop
industry-recognized standards. Without the benefit of test cuts,
many of these industry standards would be unverified and possi
bly forgotten.
A responsible sampling program that intends to acknowledge
or potentially improve the quality of the roof membrane as it

relates to the quantity of applied materials must be initiated at
the face of the work, prior to the introduction of the surfacing. If,
for example, a sample from a given day’s work was weighed, and
the calculated average mopping came in at 15 lbs./sq., the pres
ence of surfacing materials would all but eliminate the option of
installing an additional two plies as a recommended corrective
action. While some would argue that a void-free assembly with
15-lb. moppings will perform just fine, it is close to one-half of
that recognized as the high end of the accepted industry standard
for interply moppings and is not representative of what would be
considered appropriate material quantities.
Sampling provides a means to analyze built-up roof system
construction at the time of application, with an emphasis on the
quantity of applied materials and the integrity of the membrane
components before the introduction of surfacing. The intent is to
sample the roof system with construction underway. The results
can be immediately shared with the installing contractor, so as to
either acknowledge or improve the quality of workmanship, or to
provide a basis for any adjustments that may be required in the
application of the materials relative to the
desired quantity. Specific to built-up roof
system construction, the quantity of applied
materials is a property that should not be
overlooked or left to chance.
The first quantitative element is headlap,
as it relates to felt ply coverage. Missing or
deficient headlap will result in coverage that
is less than that which is required by the
specifications. This characteristic of the
assembly can be established without the
benefit of a test cut and is easily determined
with a measuring device configured to repre
sent the 36" or 1 meter width of the applied
roll goods. A specially fabricated template,
with attached increments displayed in
tenths of inches, works best, as it will later
be used in the sampling process. Template

Photo 4: Measuring felt ply headlap in predetermined sample area.

Photo 5: The template is laid
perpendicular to the shingle sequence,
across the limits of the sample area.

16 • Interface

July 2003

size is based on the width of the installed
materials. Standard tape measures and
even remnants from butt rolls of the
installed product can also be used with
similar results. The chosen measure is
moved across the exposed upper felt edges
within the limits of the selected sample
area. Deficient headlap is immediately rec
ognized through this simple process. The
measured headlap, as encountered in the
random sample area, is recorded on a work
sheet for use in determining the approxi
mate quantity of applied materials. Headlap
is but one of the two variables required to
perform the necessary calculations (Photo 4).
The remaining variable is weight. Place
the template on the predetermined sample
area, or where the headlaps were measured.
With a utility knife, follow the template with
repeated strokes on all four sides until such
time as the blade has cut through all felt
Photo 6: Results that can be anticipated when application temperatures are well above the
plies into the receiving substrate (Photo 5).
product’s EVT. Note the “picture framing” as a result of excessive temperatures and bleedCarefully push a screwdriver or similar tool
through at joints in the insulation.
into one corner of the sample test area and
pry up. This provides the opportunity to
pull the sample out of the roof system. The
Through sampling, concerns over application temperatures
sample is then weighed and the average mopping, or approximate
will be self-evident (Photo 6). Having looked at hundreds of sam
quantity of interply materials, can be calculated.
ples, some of which were undoubtedly put together with operating
Some would stop here and choose not to assess the integrity
temperatures well above the acceptable EVT, the absorption of
or quality of workmanship as it relates to characteristics such as
mopping asphalt into the perlite or wood fiber substrate is easy to
uniformity and distribution of interply asphalt and voids. To
see (Photo 7). Keep in mind that 1/8" thickness of asphalt repre
some, a four-ply sample, with extrapolated results reflecting 27
sents about 60 lbs/sq. A sample section revealing absorption in
pound interply moppings and
excess of 1/8" is an indi
2.0" headlap, would be adequate
cation that the materials
as a basis for acceptance.
were installed at temper
By simply looking at the sam
atures well above the
ple section, additional informa
EVT.
tion can be obtained. It is not
In some instances,
uncommon to advise the foreman
we have quantified the
several times to turn the burners
bottom mop, or that por
down or off, if the measured tem
tion of the interply mop
perature at the point of applica
ping that interfaces with,
tion is well in excess of the
and was absorbed by,
product’s advertised EVT. It’s
the insulation substrate,
summertime with clear skies and
due to elevated tempera
ambient temperatures hovering
tures at the time of
around 95º F. The foreman
application, and deduct
argues, “Yeah, but look at that
ed it from the sample
nice bleed through.” The banter
gross weight. In theory,
ing continues, and the guy
approximately 75% of
pulling the felt layer starts to
this mopping asphalt
Photo 7: Increase in rate of absorption when asphalt is heated and
expound upon his personal expe installed well beyond the EVT.
was initially installed as
rience with the three different
an interply component of
kinds of steep asphalt. The quali
the assembly. Using tra
ty observer’s repeated attempts and requests for the crew to more
ditional methods (those which do not address application temper
closely monitor the asphalt temperatures at the point of applica
atures and absorption), a sample gross weight of 145 lbs./sq.,
tion have been ignored and, on some occasions, ridiculed. He may with five 2.0" headlaps would yield an average mopping of approx
place a call to the project superintendent to explain his plight and imately 27 lbs./sq. By isolating, quantifying, and deducting the
concerns, and the latter may choose to respond or not.
bottom mop from the gross sample weight determined in this
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Photo 8: Covering the removed sample with a blanket of dry ice prior to separating the
felts.
example to be 60 lbs./sq., the average interply mopping is reduced to approximately 17
lbs./sq. This information can easily be shared with the contractor to demonstrate the
need to comply with the established guidelines related to EVT at the point of applica
tion. Now the consultant can explain to the guy running the felt layer his experience
with the three kinds of steep asphalt: too hot, too cold, and just right. Two more plies,
please.
Freezing the sample with dry ice makes it possible to separate the felt plies and pro
vides the opportunity to quantify the bottom mop, as described above, and further doc
ument the interply characteristics, such as voids, and the presence of moisture or
debris. (Photos 8 and 9) Routine foot and cart traffic across a recently installed mem
brane, that has not had an opportunity to cool or set, will result in asphalt displace
ment and voids (Photo 10).

Communication
Communication and documentation are tools that are used as part of the construc
tion observation process. Communicate with the foreman on a daily basis. Let him
know your expectations. Communicate with the building owner’s representative. Be
careful with presentation of issues, real or imagined, associated with what may be per
ceived as less than desirable performance on behalf of the installing contractor. Respect
the contractor’s position with the owner and roofing community as they, too, are contin
ually trying to develop relationships with existing and future clients. If blatant perfor
mance issues are brought to the attention of the foreman and reasonable efforts are not
made to correct the problem, document the occurrences in a letter addressed to the
president of the roofing company.
Staff projects with qualified individuals. The construction observer should be famil
iar with all aspects related to the installation of subject materials and applicable indus
try standards. Provide construction observation representatives with the necessary
tools, resources, and training.
Be proactive. Work with the contractor. On reroofing projects, make test openings at
critical details in the existing assembly a part of the construction observation process.
This allows confirmation of existing conditions related to flashing heights and blocking
configuration, to determine the applicability of the intended design. It also fosters the
development of a team effort toward the common goal of a quality assembly delivered on
time. This extra effort reflects favorably on both the construction observation entity and
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contractor. Review of the details in advance
provides the opportunity to minimize “time
lost” due to incongruities.

Summary
Those assuring quality control, through
or in association with the service described
as construction observation, are mistaken
in assuming liabilities that are the respon
sibility of the contractor. The quality of the
installation is the responsibility of the con
tractor. In some instances, the reference or
use of the term “quality control” could be
considered a misnomer. Give consideration
to the occasional projects where the con
tractor is doing all the right things, the
inherent characteristics of quality are rep
resented at all levels. On these projects, the
control of quality is, as it should be, in the

Photo 9: The relationship of individual felt
plies to the sample area and measured
headlap.
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Photo 10: Interply voids or lack of continuity in mopping.

qualified hands of those installing the materials. The use of the
word “control” in conjunction with “quality” suggests that exces
sive, or too much, quality is something that must be controlled.
Individuals engaged in the construction observation process
are faced with many challenges. The observer’s primary responsi
bility is to document the efforts of the contractor – good, bad, or
indifferent, as they relate to the installation of roofing materials.
Without fail, through the course of the project, difficulties can and
will arise. The appropriate response to these unexpected difficul
ties should be communicated in a manner that will foster a spirit
of cooperation, so that the common goal of a quality roof installa
tion can be achieved.
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