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INTRODUCTION

Asphalt shingle materials and attach-
ment methods have changed significantly
since the development of the first asphalt
shingle product in 1893. This paper pre-
sents an historical overview of asphalt shin-
gle roof systems and the advancements in
design, composition, and research that
have improved shingles’ resistance to wind
loading. This document is organized
chronologically into four time periods.
Performance issues are addressed through-
out, with emphasis on the behavior of in-
service systems during windstorms. This
document provides the relevant background
for ongoing research led by the University of
Florida regarding the wind resistance of
aged shingle systems.

THE EARLY YEARS (1893-1950)

The first steep-slope asphalt roofing sys-
tem was introduced in 1893. Known as
asphalt-prepared roofing, it consisted of a
thin, reinforcing cotton rag felt impregnated
with asphalt (Abraham, 1920). Installation
was similar to today’s asphalt roll roofing.
In 1897, top-surface mineral granules were
added to improve the durability of the prod-
uct (Cullen, 1992). It was later discovered
that the mineral granules served an impor-
tant function in absorbing the ultraviolet
(UV) light from the sun. UV oxidizes the top
surface of asphalt coating and leads to
accelerated degradation of the asphalt coat-
ing (Berdahl et al., 2008).

Asphalt shingles were introduced in the
beginning of the 20th century. Shingles
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were manufactured by cutting asphalt-
prepared roofing into smaller sections in
order to create a discontinuous roof cover-
ing resembling wood shakes or slate.
Similar to today’s three-tab style, single-tab
shingles (typically 9 in. by 16 in.) and mul-
titab shingles (typically 10 in. by 32% in.)
were produced. The individual tab shingles
had exposed leading edges that were often
designed with interlocking mechanisms to
hold the shingles down during windstorms.
The multitab styles had unrestrained lead-
ing edges, allowing the shingle tab to lift in
the wind (Abraham, 1920; Cash, 1995).

By the late 1920s, the cotton-reinforcing
felts were replaced with substitute materi-
als due to a price increase in cotton rags. In
1926, the Asphalt Shingle and Research
Institute and the National Bureau of
Standards (NBS; now the National Institute
of Standards and Technology) jointly inves-
tigated the effects of weathering on the
newer substitute felts. Results of the three-
year weathering study showed no adverse
aging effects on the shingles containing the
substitute materials (cf. Cullen, 1993). The
use of asphalt shingles increased as a result
of World War II construction demands,
prompting another change of reinforcing felt
to a less expensive wood-based organic
material. Greenfeld (1969) would later show
that the new “organic’-reinforced asphalt
shingles performed as well as their prede-
CesSors.

Blake (1925) developed one of the earli-
est known shingle-attachment schedules
for a four-tab strip shingle that called for
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five %-in.-long galvanized clout nails to be
placed % in. above each cutout. As shown
in Figures 1 and 2, the specified fasteners
are similar to earlier prepared asphalt roll-
roofing products. Single-tab and multitab
shingles were installed on the roof in a
stair-step pattern that mimics today’s stan-
dards (Abraham, 1920). By 1941, three-tab
strip shingles came onto the market with
fastening requirements of four 11- or 12-
gauge galvanized nails per shingle. Snoke
(1941) notes that three-tab shingles with six
nails would be more resistant in high wind-
prone areas, a statement that is echoed in
today’s shingle specifications. The 1947
standard for shingle attachment called for
six galvanized roofing nails with a minimum
3/8-in.-diameter head 1 in. from the shin-
gle edge and 1.5 in. on either side of each
tab cutout’s centerline (Strahan, 1947). The
most likely premature shingle failure during
this era was due to wind, signaling that
attachment requirements were inadequate.
During moderate wind, continued flexing of
the unrestrained exposed shingle tabs
weakened the nailed connection, increasing
the vulnerability of the shingle to blow-off in
strong wind gusts (Cullen, 1992).

DEVELOPMENT OF THE FIRST TEST STANDARDS
FOR WIND RESISTANCE (1950-1980)

The 1950s saw the introduction of two-
tab sealing methods in order to improve
performance under wind loading (Cullen,
1960). The first method consisted of a ther-
mally activated “self-seal” adhesive strip
that was applied on the asphalt shingle dur-
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Figure 1

ing the manufacturing process. Early tab
seals were typically resin-based materials,
which are asphalt byproducts that have a
sudden softening point that adheres the
leading edge of the shingle tab to the shin-
gle below. Early formulations of resin-based
tab seals were susceptible to brittle fracture
failures as a result of thermal fluctuations.
Today, tab sealants consist of either lime-
stone or fly-ash-modified resins, or poly-
mer-modified bitumen (Nichols, 2010). The
second method consisted of a field applica-
tion of asphalt roof cement dollops along
the underside of each shingle tab (Cullen,
1960). This method is still recommended for
roofs with slopes greater than 60 degrees
and for repairs to shingle tabs that have lost
adherence of their self-seal systems.

In the early 1950s, a letter survey was
sent to military installations along the east
coast of the U.S. to ascertain the perfor-
mance of asphalt shingles installed on their
buildings. The results were poor: 67% of
those surveyed noted that wind damage had
occurred with their shingles. The survey
results, coupled with increasing insurance
claims on wind-damaged shingles, prompt-
ed the first investigation of asphalt shingle
wind performance in 1955, led by NBS. The
goal of the investigation was to assess the
wind resistance of organic-reinforced
asphalt shingles through laboratory,
simulated-service, and field-performance
evaluations (Cullen, 1960).

There is some evidence that manufac-
turers were already testing asphalt shingle
wind performance prior to the NBS study
(Cullen, 1960). However, this was the first
published study of this kind. The major
component of the investigation was the
laboratory-simulated wind testing of
asphalt shingle test decks. There were two
goals to this test:
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Figure 2

1. Evaluation of the performance of
free-tab shingles (i.e., unrestrained
shingle tabs) and its correlation to
the weight of the strip shingle.

2. Evaluation of the performance of
restrained shingle tabs by either
self-seal or asphalt roof-cement
methods.

At the time, free-tab systems were losing
popularity to restrained-tab systems. Given

the amount of building stock still using the
free-tab products, however, it was impor-
tant to understand how the weight of the
shingle affected performance. This would
also be useful for later studies on restrained
tabs that have lost their adhesive bonds.
The laboratory tests consisted of bond
strength tests on the tab sealants and wind-
storm simulation tests. In his report of the
wind tests, Cullen (1960) notes that labora-
tory wind tests fell short of completely sim-
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ulating in-service wind behavior, but that
these tests may serve as a useful tool when
combined with other methods. The simula-
tion was conducted by using an open-jet
configuration. No mention of the flow char-
acteristics of the jet (i.e., magnitude of tur-
bulence) is provided in Cullen’s report. A 4-
by 3-ft. test deck with a slope of 2 in. on 12
in. was placed in front of the jet.

The free-tab test decks—nine in total—
were subjected to a mean wind speed of 30
mph for an unknown amount of time, with
the rise of the leading edge measured to
describe performance. Good-performing
free-tab shingles were defined as having
smaller lifts during wind testing. Not sur-
prisingly, heavier shingles performed the
best, and a near-linear relationship
between performance and weight was iden-
tified for a given uniform shingle thickness.

The goal of the wind investigation was to
assess the sealing characteristics of several
manufacturers’ self-sealing three-tab
organic-reinforced shingles. Therefore, the
test decks containing self-sealing shingles—
twelve in total—were subjected to three dif-
ferent curing temperatures (120°F, 140°F,
and 160°F) for 16 hours each. The test con-
sisted of four step-and-hold mean wind
velocities of 30, 40, 50, and 60 mph. The
time held at the first three wind velocities
was not reported. The time for the 60-mph
test was two hours. Failure during these
tests was defined as failure of the adhesion
on one shingle tab. The tests revealed that

i

nine of the 12 shingle deck specimens could
withstand 60 mph for two hours when they
were conditioned at 140°F for two hours.
The remaining three required a 160°F cure.

Bond strength tests correlated well with
the wind tests’ findings. Twelve asphalt
shingle products were subjected to the
same variation in cure temperature for five
and 16 hours and then tested for uplift
resistance of their tab seals (Cullen, 1993).
From these two tests, it was reported that a
cure temperature of 140°F and time of 16
hours were adequate to evaluate the wind
performance of self-sealing shingle systems.
To validate the findings of the laboratory
tests, Cullen investigated the performance
of self-sealing shingle systems in the natur-
al environment. Twenty-two test decks were
exposed for a period of one year in
Washington, DC, starting in the spring. The
tab seals were periodically inspected for
adherence, and results showed that all
decks had full adhesion within 50 days.
When the tab seal bonds were broken the
following December, all shingles had
resealed by the following spring.

At the time of the Cullen (1960) report,
no standard wind performance tests existed
for asphalt shingles, but as a result of this
investigation, the Underwriters Laboratory’s
(UL) 997, Wind Resistance of Prepared Roof
Covering Materials (1995), was developed.
The test is similar to Cullen’s 1960 work in
both test setup and conditioning. When first
drafted in 1960, 60 mph was near the limit
of fan controllabil-
ity; therefore, the
test decks were
subjected to a
maximum of 60
mph despite the
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Figure 3

likelihood of higher in-service wind speeds.
The American Society for Testing and
Materials’ (ASTM) D3161, Standard Test
Method for Wind-Resistance of Asphalt
Shingles (2005), was first published in 1972
with an identical test procedure. These
standards are based on data from shingles
that were developed and manufactured
using 1950s technology.

Following up on Cullen’s experiments,
UL conducted a study of self-seal organic-
reinforced asphalt shingle response to high-
er wind speeds and wind speed fluctuations
(Benjamin and Bono, 1967). This research
was conducted using a larger fan system
capable of wind speeds up to 100 mph.
Additional tests were conducted on shingles
that passed the UL 997 60-mph wind test.
All of the 225 shingle test decks passed a
15-minute, 75-mph mean wind-speed test,
and 95% of the test decks passed a 5-
minute, 100-mph mean wind-speed test. To
replicate the fluctuating component of the
wind speed, the speed was varied between
30 mph and 100 mph. Each wind speed
was held for 60 seconds for some decks and
30 seconds for others before a series of
“practically instantaneous” (from Benjamin
and Bono, 1967) wind-speed changes
cycling from 30 mph to 100 mph for a total
of 20 oscillations were applied. All test
decks passed the wind fluctuation tests.
While results of higher wind-speed research
showed good asphalt shingle wind perfor-
mance in simulated hurricane-strength
wind speeds, concerns surrounding the
validity of the ASTM D3161/UL 997 test
methods soon followed.

With the advent of the asphalt shingle
self-seal tab system and its improved wind
resistance, the weight of the asphalt shingle
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was no longer the main source of wind
resistance. This allowed the use of lighter-
weight and cheaper-shingle mats (Cash,
1995). In 1960, glass fiber strand-based
mats were introduced as a replacement for
the organic material-based mat (Cullen,
1992). The drawback to the fiberglass mat
is an increase in flexibility of the shingle;
that is, if a self-seal were to fail, the shingle
would be more likely to lift in the wind com-
pared to a heavier and stiffer organic-
reinforced shingle. Beyond their lighter
weight and lower manufacturing costs, the
new “fiberglass” shingles contain a chemical
saturant that gave the fiberglass-reinforced
shingles a Class A fire rating. Organic-rein-
forced asphalt shingles typically have a
lower-class (Class C) rating due to the com-
bustibility of the organic material. The
growth of the fiberglass-reinforced asphalt
shingle market can be partly attributed to
the increase in condominium and commer-
cial construction that required Class A fire
ratings. By 1982, production of fiberglass-
reinforced asphalt shingles overtook organic-
reinforced asphalt shingle production—a
trend that has continued (Cash, 1995).

DEVELOPMENT OF THE ASPHALT SHINGLE WIND
UPLIFT MODEL (1980-1997)

The goal of the UL 997 test was to pro-
vide a predictive method for in-service
asphalt shingle wind performance.
However, during in-house product testing
in the early 1980s using the UL 997 wind
test standard, Owens-Corning Fiberglas™
observed no appreciable shingle perfor-
mance differences between products that
should have produced significantly different
results. Following this, Drs. Jon Peterka
and Jack Cermak of Colorado State
University (CSU) were contracted by
Owens-Corning to reevaluate UL 997 and
develop a more refined test method that
would more accurately simulate in-service
wind loading conditions. This work (Peterka
and Cermak, 1983) led to today’s asphalt
shingle wind uplift model.

Dr. Peterka’s experiments concentrated
on modifying the UL 997 procedure to
include more realistic wind effects. The
standard 3- by 4-ft. test deck was placed
inside CSU’s Meteorological Boundary-
Layer Wind Tunnel to conduct tests using
turbulent boundary-layer wind that simu-
lated natural wind behavior (Figure 3).
Unsealed organic-reinforced and fiberglass-
reinforced shingles from several manufac-
turers were subjected to wind speeds up to
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SHINGLE TAB SEAL

Figure 4

80 mph. To evaluate the effects of tempera-
ture on shingle performance, the shingles
were tested at two temperatures: 75°F and
35°F. At the time, it was thought that lower
temperatures would increase the brittleness
of the shingles, thereby exacerbating shin-
gles pulling out over the fasteners during
wind events. The goal of the test was to
observe how the shingles behave during
this new test method and to discern if per-
formance differences could be extrapolated.
It was observed that organic-reinforced
shingles sustained less damage than fiber-
glass-reinforced shingles, likely due to a
higher shingle mass, resulting in a greater
resistance to uplift. Greater shingle damage
was observed in tests on the colder (35°F)
shingles. The overall outcome from the test-
ing was that performance of the shingles in
the new test correlated to the predicted
quality of the shingle.

From wind-flow visualization tests, a
wind uplift mechanism was proposed. It
states that as wind flow encounters the
leading edge of a shingle’s tab, the flow sep-
arates above the shingle surface, causing a
negative pressure relative to the ambient
pressure in this separated region. A positive
pressure relative to ambient is produced at
the leading edge and is forced under the
shingle. The effect of the positive pressure
below the shingle and the negative pressure
above the shingle produce a net uplift force
on the shingle (Figure 4). Future experi-
ments by Dr. Peterka’s group would attempt
to validate this model (Peterka et al., 1983).

Following the initial shingle uplift exper-
iments, Peterka et al. (1983) experimentally
investigated the proposed wind uplift model
as well as shingle permeability and the dis-
tribution of wind-induced uplift pressures
on asphalt shingles. Relatively air-imper-
meable roofing materials such as mem-
branes are susceptible to uplift pressures
developed by the separation of wind flow
over the building. The pressure in this sep-
arated region is lower than the internal

8 e INTERFACE

mm AVBIENTWIND FLOW  PrOSSUTe

SEPARATED FLOW
REGION

STAGNATION REGION

of the
building, producing
wind uplift pres-
sure distributions
and magnitudes
found in building
standards such as
ASCE-7 for imper-
meable systems. A
permeable roofing
system will allow
for partial equaliza-
tion of pressure between the upper and
lower surfaces of the system. If the perme-
ability is high enough, the loads developed
within the separation region will be of a
small magnitude due to rapid venting of
pressure through the system surface.

To examine the permeability of shingles,
a box was sealed to an asphalt shingle deck
with a vacuum attached to rapidly reduce
the pressure within the sealed volume. Two
different tests were conducted: one with
shingles installed in accordance with instal-
lation and the other with all shingle tab and
deck joints sealed with silicone.

Pressure measurements above and
below the asphalt shingle revealed that
asphalt shingles rapidly vent air between
their upper and lower surface. The results
suggested that, given a high permeability in
asphalt shingles, a significant uplift load
will not be generated by the larger-scale
flow separation region. Rather, the pro-
posed mechanism of localized flow separa-
tion at the shingle tab leading edge may be
the genesis of asphalt shingle uplift.

Pressure measurements taken simulta-
neously above and below shingles during
wind testing showed that wind flow near the
roof surface was correlated to uplift pres-
sure, further validating the new uplift
model. Expected uplift pressures for
asphalt shingles subjected to 80-mph wind
testing varied from 1 to 3 psf, significantly
lower than pressures found on imperme-
able roofing systems.

~ 1 _
DP = > P U3
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The results of these two studies (Peterka
and Cermak, 1983; Peterka et al, 1983)
provided three major conclusions about
asphalt shingle wind loading:

1. For wind flowing up the roof slope,
localized flow separation at the lead-
ing edge of the shingle tab may be
the largest contributor to asphalt
shingle wind uplift. Asphalt shingles
are a relatively air-permeable
assembly and may not be signifi-
cantly affected by the larger-scale
flow separation bubble.

2. Near-roof-surface wind speed may
be used as a prediction for asphalt
shingle uplift pressures.

3. Near-freezing temperatures may
increase the brittleness of fiberglass-
reinforced asphalt shingles, which
in turn may increase the vulnerabil-
ity of the wind-related damage.

Seeking to develop a more refined pre-
dictive method for asphalt shingle wind
resistance than the current UL 997 /ASTM
D3161 test standards, the Asphalt Roofing
Manufacturers Association (ARMA) formed
the High Wind Task Force in 1990. The goal
of the task force was to determine the rela-
tionship between wind speeds and asphalt
shingle tab uplift resistance (Shaw, 1991). A
two-phase program was developed: 1) create
a standardized test method that would
determine the uplift resistance of a shingle
tab’s self-seal adhesive strip (described in
the next section), and 2) define the physics
of shingle wind uplift and resulting loads on
the tab’s adhesive strip (described below).

Dr. Peterka and his colleagues were con-
tracted to perform the wind-tunnel and out-
door studies that validated the asphalt-
shingle-load model previously developed
(Peterka and Cermak et al., 1983; Peterka et
al., 1983). He proposed the asphalt shingle
uplift equation. See Equation I.

With this equation, the peak uplift pres-
sure exerted on a shingle can be predicted

-~ 2
Uroof

— DC,
Uref

mean approach wind velocity at the eave height of the building

Where: DP = peak uplift pressure that the shingle must resist
p = density of air
Uo =
Uor = peak gust wind speed on the roof
DC, =

Equation 1 (Peterka et al., (1997)

uplift differential pressure coefficient, unique for each shingle design
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by knowing the approach flow characteris-
tics, the near-roof-surface wind flow char-
acteristics, and the uplift pressure coeffi-
cient that will be unique to each shingle
design. Building standards such as ASCE 7
represent uplift loads as pressure coeffi-
cients, a dimensionless number that
defines the relative pressure for a given flow
field independent of the flow velocity. For
asphalt shingles, a differential pressure
coefficient is used to describe the net uplift
pressure on asphalt shingles. The wind
experiments conducted in the early 1990s
by Peterka et al. (1997) investigated para-
meters of the components in this uplift
equation by three methods:

1. Magnitude and distribution of near-
roof-surface wind flow on model-
scale residential buildings in a
boundary-layer wind tunnel.

2. Correlation between near-surface
roof flow and uplift pressures gener-
ated on a full-scale asphalt shingle
test deck in a boundary-layer wind
tunnel.

3. Evaluation of uplift pressures and
near-roof-surface wind flow generat-
ed on a full-scale residential build-
ing located outdoors and subjected
to natural wind.

For component one, three 1:25-scale T-
shape model buildings were constructed
(Figure 5A) with roof slopes of 2:12, 5:12,
and 9:12. Also tested was a 1:25-scale
model gable-roofed building that matched a
full-scale building constructed for validation
of the model-scale data (Figure 5B). Each
building was placed inside the boundary-
layer wind tunnel at CSU and subjected to a
wind flow corresponding to open country
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exposure (i.e., ASCE 7, Exposure C).
Because the flow near the roof surface was
of greatest interest for asphalt shingle wind
loading, flow measurements were taken over
each building’s roof surfaces at a height of
0.04 in. (1 in. at full scale) above the roof
surface. The ratio between the peak
observed near-roof-surface wind speed and
the mean wind speed of the upwind air flow
is needed for Equation 1. An upper-bound
ratio of 2.5 was observed in the scaled model
wind-tunnel tests. The highest observed
near-roof-surface wind speeds for all four
buildings were located near the intersection
of the roof ridge and gable end (Cochran et
al., 1999).

The design of the leading edge of the
asphalt shingle plays an important role in
the aerodynamics of asphalt shingle uplift.
These design factors may include the loca-
tion of the self-seal adhesive, the installed
pattern (or distribution) of the self-seal
adhesive (i.e., a discontinuous pattern may
allow airflow behind the seal, increasing the
pressure on the underside and thereby
increasing the net uplift on the shingle),
and the profile of the leading edge of the
shingle tab (i.e., thick butt, sharp edge,
etc.). The second component of the Peterka
et al. (1997) investigation utilized the same

elevated 4- by 3-ft. asphalt shingle test deck
developed during the 1983 experiments
(Peterka and Cermak, 1983). The deck was
subjected to a boundary layer flow in the
CSU wind tunnel with two different turbu-
lence intensity levels of 4% and 17%. The
CSU wind tunnel was unable to replicate
full-scale turbulence intensities found in
natural wind; therefore, it was necessary to
determine the effect of the magnitude of
turbulence intensity on the developed shin-
gle uplift pressure coefficients.

The shingle tab located in the middle of
each deck was instrumented with pressure
taps above and below the shingle surface,
and wind flow measurements were obtained
1 in. above the instrumented shingle using
either a hot-film anemometer or a pitot-
static probe. Mean pressure coefficients
captured during this test showed that the
uplift force is higher in front of the tab
sealant compared to behind (up-slope of)
the tab sealant (Table I). This likely occurs
for three reasons: 1) a separated flow region
is generated above the leading edge of the
shingle with reattachment occurring a few
inches upwind, 2) the tab seal
reduces/prevents the positive pressure
behind the tab sealant (depending on the
sealant design), and 3) tab cutouts assist in

SHINGLE PART

SHINGLE THICKNESS

SINGLE, ~0.11 IN. | DousLE, ~0.22 IN.

Seal strip to front edge -0.4 0.8
Top of cutout to seal strip -0.1 -0.1
Top of cutout to front edge for unsealed shingle -0.4 0.8

Table 1 - Wind-tunnel-measured DC, three-tab shingle with cutouts (Peterka et al., 1997).
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pressure equalization behind the seal strip.
Therefore, the location of the tab sealant
will play a large role in the loading mecha-
nism generated on the tab adhesive.

Differences also exist in pressure coeffi-
cients between the three-tab and double-
thickness shingles (Table I). To investigate
the role of near-surface wind flow on uplift
pressures, the middle shingle tab from a
test deck was replaced with a thin, rectan-
gular piece of brass that would mimic a
shingle tab—both in dimension and loca-
tion on the deck—with a seal located where
one would be on an asphalt shingle. Fifty-
four pressure taps were installed on the
brass shingle (half on the top surface, half
on the bottom surface), as this would allow
for larger area averages to be determined.
The deck was placed on the floor, oriented
such that the generated wind flow would
travel up the 4:12 sloped test deck with a
smooth, curved transition between the
wind-tunnel floor and the test deck. As with
the previous pressure measurements, near-
surface roof flow at 1 in. above the brass
shingle was captured. From these data, it
was observed that asphalt shingle uplift
pressures correlate with near-roof-surface
flow in flow fluctuations up to 12 Hz for a
wind flow of 22.5 mph.

The final component of the Peterka et al.
(1997) investigation was the validation of
wind tunnel test data using a full-scale,
gable-roofed building constructed outside
in a windy location near Fort Collins, CO.
The house consisted of a 23- by 34.5-ft.
one-story building with a 5:12 gable roof.
Three-tab fiberglass-reinforced asphalt
shingles were installed on the roof with
pressure taps installed above and below the
shingles at several locations on the roof. To
capture simultaneous velocity and pressure
data, unidirectional velocity sensors were
installed above the tapped shingles and ori-

0.4

ented down the roof slope. The house could
be rotated 360 degrees to provide uplift/
velocity data for all wind azimuths. To cap-
ture the approach flow conditions, a 197-ft.
instrumented meteorological tower was
located near the house, and a 33-ft. meteo-
rological tower was installed upwind of the
house. Data from the observation towers,
shingle-pressure transducers, and roof sur-
face velocity sensors were captured during
strong windstorms with peak wind gusts
ranging from 30 to 60-plus mph. Several
observations were made from the compari-
son of the full-scale outdoor tests and the
wind tunnel experiments:

1. The full-scale data appeared to vali-
date the wind tunnel data, and the
highest pressures observed were
within the prediction of the uplift
model.

2. For wind flow up the roof slope,
asphalt shingle uplift pressures cor-
related well with near-surface roof
flow.

3. The highest observed shingle uplift
pressures corresponded to a 50-
degree wind azimuth relative to the
ridgeline of the building (Figure 6).
Due to the unidirectional nature of
the velocity sensors, only the up-
slope component of the wind veloci-
ty vector could be obtained for this
azimuth.

4. Significant shingle uplift pressures
were observed for wind flow ap-
proaching the leeward side of the roof
(with respect to the instrumented
shingles). While the wind uplift
model only describes wind flow up
the roof slope, it may correctly model
the local flow at other wind azimuths.

Following Peterka et al’s (1997) tests,
ARMA and UL drafted a standard test
method to deter-

mine the loads

generated on a
shingle’s tab
seal. UL 2390,

G U/\/

Test Methods for
Wind-Resistant
Asphalt Shingles
With Sealed Tabs

N\

Cp Peak, Based on Mean Uref

(2003), was pub-
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lished in May
2003. The identi-
cal ASTM D7381,
Wind Resistance
of Asphalt Shin-

50 100

gles (Uplift Force/ Uplift Resistance Method)
(2008d) was published in 2005. These stan-
dards are based on a standards develop-
ment report (Peterka and Esterday, 2000)
that is not publicly available, since the pro-
visions are published in the standard.
These methods can be separated into three
parts:

1. Determine uplift rigidity of the
shingle through mechanical uplift
testing. Shingles will lift in the wind,
and the magnitude of this lift will
depend on the stiffness of the shin-
gles. The aerodynamics of asphalt
shingles change as the shingle lifts;
therefore, the resulting pressures
exerted on the shingle can change.
The stiffer the shingle, the lower the
resulting loads. A conservatively low
stiffness (EI) of 2.5 lbs-in*> may be
used as a default. This shingle stiff-
ness value is used for Part 2 to deter-
mine pressure coefficients.

2. Determine the wind uplift pres-
sure coefficients on the asphalt
shingle. Shingles are installed on a
4- by 3-ft. test deck with one shingle
tab in the middle of the deck con-
taining four pressure taps above and
four taps below the shingle. Similar
to ASTM D3161, these decks are
conditioned and placed in front of a
fan system. However, fan speeds are
limited to 35 mph, and a small
amount of turbulence is introduced
into air flow. Mean uplift pressures
are captured for shingles lying flat
on the deck surface and for shingles
that have their edges raised with
shims at the leading edge to simu-
late shingle uplift during strong
wind events. The pressure coeffi-
cients are used in combination with
the Peterka wind uplift equation to
determine the uplift loading of
asphalt shingles at various peak 3-
second gust wind speeds.

3. Determine the uplift resistance of
the asphalt shingle tab sealant
through mechanical uplift testing
(outlined in the next section).
Results of this test are compared to
the predicted uplift loads deter-
mined in Part 2.

From ASTM D7158, asphalt shingles
are classified and labeled on their packag-
ing according to their predicted resistance
to peak 3-second gust (basic) wind speeds
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at 33 ft. in Exposure C (open country), fol-
lowing ASCE 7-05. Adjustment factors are
required for various environmental/
building factors such as buildings higher
than 60 ft. and if the user is using the ASCE
7-10 design standard. The shingle classifi-
cation is thus:
o Class D - Passed at basic wind
speeds up to and including 90 mph
¢ Class G - Passed at basic wind
speeds up to and including 120 mph
¢ Class H - Passed at basic wind
speeds up to and including 150 mph

Most United States residential building
codes refer to ASCE 7-05 as their wind load
standard; therefore, this classification sys-
tem provides a direct comparison between
shingle requirements and shingle perfor-
mance. A 2011 survey of asphalt shingle
products offered by seven major manufac-
turers shows that 91% of their shingle prod-
ucts have been wind-tested by ASTM
D7158, and all of those tested were classi-
fied with Class H ratings (Inspections,
2011). The same survey noted that all prod-
ucts listed have a Class F (110 mph) ASTM
D3161 classification as well.

ASTM D6381, STANDARD TEST METHOD FOR
MEASUREMENT OF ASPHALT SHINGLE TAB
MECHANICAL UPLIFT RESISTANCE

Prior to the initiation of the Peterka wind
load studies, the ARMA task force began
development of a test method that would
determine the uplift resistance of a shingle’s
tab sealant (Shaw, 1991). From the initial
Peterka et al. report (1983), it was evident
that the greatest uplift loads would occur
nearest the leading edge of the shingle. At
the time, shingles were typically produced
with %- to 1-in. distances between the lead-
ing edge of the tab sealant and the leading
edge of the shingle tab (Hahn et al., 2004).
The resultant wind loading on this cantilever
span would produce a peel-type uplift force
on the tab sealant. The mechanical uplift
test was developed to simulate this loading
condition. The test specimen consisted of a
3.5-in.-wide by 7-in.-long asphalt shingle
lower piece with a 3.5-in.-wide by 4-in.-long
upper tab piece. The tab was installed over
the lower piece’s sealant such that the in-
service tab bond is replicated.

Prior to uplift testing, the bond between
the lower and upper shingles was condi-
tioned at 140°F for 16 hours, the same as
the ASTM D3161/UL 997 conditioning pro-
cedure. Mechanical uplift testing consisted
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of the specimen attachment to a clamp
assembly along the 3.5-in. edges. The uplift
load was generated from a clamp affixed
along the leading edge of the shingle speci-
men. This clamp was connected to a uni-
versal testing machine, which provided a
constant velocity uplift of 5 in./min. and
simultaneous measurement of uplift load
on the shingle tab. Seven testing labs were
utilized for round-robin testing of this draft
standard to confirm repeatability of test
methods and results (Shaw, 1991). After
confirmation, the standard was published
in 1999 and designated as ASTM D6381,
Standard Test Method for Measurement of
Asphalt Shingle Mechanical Uplift Resist-
ance.

As described below, recent modifica-
tions to the mechanical uplift test have been
made in response to changes in the tab
sealant design and market trends. Many
shingles now have tabs seals located closer
to the shingle tab’s leading edge. A decrease
in distance between the tab sealant and the
leading edge will reduce the total uplift
loading generated ahead of the sealant.
Therefore, this loading mechanism can
change from a peel-type to a direct tension-
type loading (Hahn et al., 2004). The way an
adhesive is loaded (i.e., peeling, direct ten-
sion, etc.) is known to have a significant
effect on its strength (Shiao et al., 2004).
Results of asphalt shingle tab sealant
mechanical uplift resistance tests compar-
ing peel, direct tension, and combined
showed that direct tension produced over
double the resistance of the D6381 peel-
type resistance (Shiao et al, 2004). The
combined test consisted of an attachment
that mimicked the Peterka wind load model,
with forces being generated on shingle spec-
imens ahead and behind the tab sealant.
The sealant strength for this loading fell
between the low peel strength and high
direct-tension strength, suggesting that the
actual loading of a tab seal is a combination
of peel and direct tension. As a result, the
2008 edition of the ASTM D6381 test
requires direct-tension testing be conducted
along with the original peel test. Depending
upon the magnitude of the pressure coeffi-
cients obtained from ASTM D7158/UL 2390
testing, the results of each test may be used
separately or in combination to determine
total uplift resistance of a shingle’s tab seal
(Hahn et al., 2004).

Questions remain on the applicability of
this test method in predicting in-service
shingle wind resistance. Foremost among

them is the loading protocol, which specifies
a constant displacement velocity of 5
in./min. Near-roof-surface wind flow is tur-
bulent in nature; therefore, the uplift load-
ing from wind will also contain fluctuations
(Peterka et al, 1997). Shiao et al. (2004)
have shown that an increase in loading rate
correlates to a higher shingle-tab-seal resis-
tance (i.e., the current ASTM D6381 loading
rate produces conservative resistance
results). However, shingles are potentially
subjected to thousands of wind gusts
throughout their lifetimes, and the long-
term performance of shingle tab seal to
these fluctuations (i.e., fatigue resistance)
has not been quantified. Thus, with the cur-
rent ASTM D6381, it is difficult to predict
how the tab’s seal will respond to gusts later
in the shingle’s service life. See Table 2.

IN-SERVICE WIND PERFORMANCE
OF ASPHALT SHINGLES

Laboratory wind testing of asphalt shin-
gles provides a relatively simple method for
predicting in-service wind performance.
However, these methods cannot completely
replicate the conditions that shingles are
subjected to once they are installed. A key
component in understanding shingle wind
resistance is observations that are made fol-
lowing shingle damage caused by wind
events. Since 1989, damage assessments
made by organizations and federal agencies
such as FEMA and RICOWI have provided
“ground truth” on asphalt shingle perfor-
mance. The observations made in these
reports provide an opportunity to evaluate
deficiencies in products, design, and instal-
lation. An overview of selected damage
report observations is provided below.

Hurricane Hugo made landfall on the
east coast of South Carolina in 1989 as a
Category 4 hurricane on the Saffir-Simpson
scale. Damage observations of asphalt shin-
gle roofing by Smith and McDonald (1990)
noted highly variable wind uplift perfor-
mance of shingles, with some houses sus-
taining no damage, while others nearby
sustained complete shingle loss. The dam-
age was primarily attributed to weak tab
seals. Improperly located fasteners were
also often observed at damaged roofs.
Failure of the roof covering did not just
impact the covering itself. Rather, in finan-
cial terms, the resulting interior losses
caused by roofing failure were often greater
than loss from the roof covering. Smith con-
cluded that standardized wind testing of
roof coverings, including ASTM D3161 for
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YEAR FIRST
PuBLISHED

Test METHOD
DESIGNATION

TesT MeTHOD OVERVIEW

UL 997 1960

Asphalt shingles are installed on a 3- by 4-ft. test deck,

cured for 16 hours at 140°F, and then subjected to two hours
of 60-mph winds. Failure is defined as a shingle tab that either
loses its tab adhesion or whose mechanical interlock fails.

ASTM D3161 1972

Essentially identical to UL 997 with the exception of the
maximum allowable wind speed. D3161 has three classification
designations: 1) Class A — passed 60 mph, 2) Class D -
passed 90 mph, 3) Class F — passed 110 mph. Note: These
wind speeds do not directly correlate to ASCE 7 wind speeds.

ASTM D6381 1999

Method to determine a shingle tab sealant’s uplift resistance.
Shingle specimens are subjected to a constant-rate peel and
direct tension testing of the sealant.

UL 2390 2003

Based on the Peterka wind-load model, this test method
determines a shingle’s wind uplift pressure coefficients. The
pressure coefficients can be used to predict the loads that
will be exerted on a shingle at various ASCE 7 wind speeds.

ASTM D7158 2005

Identical to UL 2390 in test procedure. References ASTM
D6381 to determine the uplift resistance of the shingle’s tab
sealant. Comparison between D7158 predicted uplift force
and D6381 measure resistance gives three wind speed
classifications: 1) Class D — up to 90 mph resistance,

2) Class G - up to 120 mph resistance, 3) Class H — up to
150 mph resistance. Note: These wind speeds correlate to
winds defined by ASCE 7-05 for noncritical facilities less than
60 ft. tall in Exposure C.

Table 2 - Summary of standardized test methods to evaluate asphalt shingle wind

performance.

asphalt shingles, appeared deficient in pre-
dicting wind performance. This observation
would be repeated after Hurricane Andrew
made landfall in South Florida in 1992, also
causing damage to asphalt roofing systems
on houses (Smith, 1995).

Improperly located shingle fasteners
have often been observed at damaged shin-
gles (FEMA, 2005a; Smith, 1995; Smith and
McDonald, 1990). However, the extent to
which the installation affects the wind
resistance of the shingle has not yet been
quantified. Pull-through of the shingle over
the fasteners is often attributed to improper
fastener placement. Smith and Millen
(1999) note that it is “unrealistic to expect
fasteners to be located exactly in the speci-
fied locations.” Furthermore, wind tunnel
tests on unsealed asphalt shingles with
misplaced fasteners showed a decrease in
wind performance, but no definitive conclu-
sions could be made regarding variations in
placement (Smith and Millen, 1999).

A common observation throughout post-
storm reports is the failure of roof details
such as hip, ridge, eave, and rake shingle
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conditions (FEMA, 2005a; FEMA, 2005b;
FEMA, 2006; FEMA, 2009; IBHS, 2009).
These failures appear to be independent of
the age of the roof and more closely tied to
the design and installation of these edge con-
ditions. Bonding of the hip and ridge caps
appears to be an ongoing issue, and starter
courses along the eave are often improperly
installed. The implications of failures to
these areas of the roof range from a minor
exposure of the hip and ridge deck joints to
a more widespread failure propagating from
eave and rake-edge failures. While damage
reports continue to be a valuable source of
information, more work is necessary to
understand the role of installation variability
in asphalt shingle wind performance.
Throughout the 2000s, hurricanes
impacted the Southeast and U.S. Gulf
Coast, causing extensive shingle damage.
Shingle performance was variable (RICOWI,
2006). An Insurance Institute of Business &
Home Safety (IIBHS, 2009) study of shingle
damage in Hurricane lke showed variable
performance amongst products with the
same ASTM D7158 Class H (150-mph) rat-

ing. Wind speeds at the investigated site
were 110 mph (peak 3-second gust at 33 ft.,
Exposure C), below design level. Based on
their findings, IIBHS “suggests that there
remain significant differences between roof
cover products with the same nominal
design.”

Liu et al. (2010) conducted an asphalt
shingle damage survey in Texas after hurri-
canes Ike and Gustav in 2008 and found
that homes with newer (less than five years
old) shingle installations performed signifi-
cantly better than older shingle roofs
(greater than five years old), although it was
not certain if age or changes to the building
code around 2002 were the cause. This per-
formance gap was also noted by RICOWI
(2006) after Hurricane Charley struck
Florida in 2004 and by Gurley and Masters
(2011) in a post-2004 hurricane season
building performance survey. All three
studies postulated that while product
improvement could be attributed to the bet-
ter performance of newer roofs, the effects
of aging could not be discounted. Experi-
ments by Terrenzio et al. (1997) and Shiao
et al. (2003) have noted that the greatest
cause of asphalt shingle aging is thermal
loading. Over time, the asphalt within the
shingle becomes oxidized, causing embrit-
tlement of the shingle. Currently, no stud-
ies have quantified the effects of aging on
asphalt shingle wind performance. Consid-
ering that a shingle’s tab adhesive is based
upon an asphaltic formulation, what effects
would this potential oxidation reaction have
on the tab seal’s adhesive strength? The
current ASTM D7158/D6381 and UL 2390
standard test methods only provide infor-
mation on the performance of new, laboratory-
prepared asphalt shingles, making estima-
tion of the long-term performance of the tab
adhesive difficult.

LOOKING FORWARD

During the last century, asphalt shin-
gles have evolved partially in response to
developments in the understanding of
asphalt shingle wind resistance. Despite the
advancements made through research and
damage observations, questions still remain
with regard to asphalt shingle performance.
Topics include the following:

1. Effects of aging on asphalt shingle
wind resistance.

2. Effects of long-term wind gusts on
the fatigue resistance of asphalt
shingle tab self-seals.

3. Quantification of installation errors
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and their impact on asphalt shingle
wind resistance.

4. In-service performance of asphalt
shingle tab self-seals.

5. Comparative shingle performance
evaluation between ASTM D7158/UL
2390 tests and full-scale simulation
of hurricane wind loads.

6. The mechanics of near-roof-surface
wind flow.

Beginning in July 2010, the University
of Florida commenced a research program
to address the research topics outlined
above. This three-year program will build
upon the previous asphalt shingle wind
research with the goal of improving the
wind performance of shingles throughout
their life cycle. Outcomes of this research
will be presented in a future article. [
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