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Abstract

This manuscript aims to examine whether roof age affects the level of roof cover damage observed under
relatively similar hurricane wind speeds. This manuscript reports the results of an observational study of
damaged asphalt roof shingles after Hurricane Laura in 2020. Damage to roof covers was subjectively
estimated in percentage ranges through the use of post-hurricane aerial imagery, while roof age was
estimated using roof cover damage from Hurricane Rita in 2005 or the year built after 2005, using readily
available online databases. Results show that age is a clear factor in the level of roof cover damage for
areas of similar peak wind speeds obtained from estimates of the wind field (i.e., H*Wind). A ‘break’ in
age is found to occur centered around the 8-year mark, where damage notably increases. However, this
value should be interpreted as an empirical breakpoint in this dataset rather than a general threshold.
Investigating other factors, such as roof shape, shows relationships with age as well, including older hip
roofs sustaining notably more damage than the gable or complex (i.e., combination of features) roofs of
the same age. These findings provide field data as evidence of the effects of roof age and highlight the
need for future studies to isolate roof age from other factors such as construction quality, maintenance

history, geometry, exposure, and other confounding factors.
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Highlights

An observational analysis of 623 asphalt shingle roofs damaged during Hurricane Laura (2020)
shows an association between roof age and damage severity.

Roofs older than eight years exhibited a notable increase in observed damage levels compared
to roofs less than eight years, with 97% of 14—15-year-old roofs within the analyzed sample
experiencing some level of failure.

Hip roofs were more susceptible to roof cover damage with an increase in roof age than gable

roofs, especially for roof ages 8 years and older.
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1. Introduction

Asphalt shingles are the most popular roof cover type for residential construction in the U.S. [1,2].
Materials, attachment methods, and associated test standards for asphalt shingles have evolved over the
years [3]. Damage to asphalt shingles and other roof cover types is a common occurrence after high wind
events [2,4,5,6,7,8,9,10,11] despite test standards such as ASTM D7158, which approves new shingles for

up to 86 m/s (194 mph) wind [12].

The performance of a roof cover during a high wind event can be greatly influenced by various
characteristics of the building and the roof itself, including the roof shape, the number of stories, the
relative orientation of the home with respect to the wind direction, material properties, construction
quality and maintenance/repairs. It can also be affected by location-specific features, such as nearby
obstructions. In addition, a key factor that likely contributes to the amount of damage is the age of the

roof [2].

The wind resistance of an asphalt shingle roof is linked directly to the performance of the sealant, meaning
a shingle roof is more vulnerable to wind damage when the shingles become unsealed. In practice,
shingles are subjected to weathering over time, which can result in blistering and deterioration of the
shingles and their sealants. Cupping and clawing can occur due to shrinkage at the edges of the shingles,
which is often a result of excessive heat. Cupping in asphalt shingles, as shown in Figure 1(a), refers to the
upward curling of the corners and edges of asphalt shingles. Cupping results from asphalt shrinkage on
the top surface of the shingle, causing the mat to contract and the edges to lift [13]. Clawing, as shown in
Figure 1(b), is the opposite phenomenon, where the center portion of the shingle pulls downward while
the edges remain relatively flat. It results from asphalt shrinkage on the bottom surface of the shingles,
which draws the shingle downward toward the roof deck [13]. The older a roof is, the longer it has been

subjected to these conditions. In a study conducted on Texas and Florida homes, Dixon et al. [2] found
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that asphalt shingle roofs appeared to remain sealed for the first four or five years of their service life, but
beyond that, an increase in the number of unsealed shingles was observed. Despite this, performance test
standards of shingles, such as ASTM D7158 (2024) [12], ASTM D3161 (2025) [15], and ASTM D6381
(2024b) [16] use new, fully sealed shingles, and long-term weathering and changes are not accounted for.
In the field, determining the age of a roof is difficult, especially for older buildings, since a roof
replacement may have occurred, and this is not typically captured in real estate records, and many

jurisdictions do not require a building permit.

Hurricane Rita in 2005 and Hurricane Laura in 2020 affected nearly the same regions of Louisiana. Their
proximity allowed an assumption that any roofs with notable damage (i.e., 25% roof cover damage or
greater) from Hurricane Rita were fully replaced in 2005 or early 2006, making them approximately 15
years old at the time of Hurricane Laura. While just an assumption, this is a valuable improvement over
previous studies [2,9,10], which had to rely only on building age as a proxy for roof age, because building
age is much easier to determine from public records and real estate databases. This assumption becomes
increasingly problematic for the older homes assessed in previous studies. Hurricane Laura provided an
opportunity to evaluate the effect of wind damage on assumed 15-year-old shingle roofs with high
confidence. For homes built between Hurricanes Rita and Laura, the assumption was that roof age was
equal to the age of the building. It is worth noting that the Lake Charles office of the National Weather
Service documented a historic severe thunderstorm on June 4, 2007, that produced golf-ball-size hail,
peak gusts of approximately 33 m/s, and reported damage in the Lake Charles area [17]. Significant
damage to roofs due to hail was not reported. The 33 m/s wind gust was the highest recorded official gust
in the area over the 15-year period of study, which is lower than the maximum wind gusts analyzed in this
paper. In addition, no tornado damage paths affected the study area over the 15-year period [18]. While

some roof covers may have been replaced following the 2007 event, the magnitude of the event, the lack



78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

of other notable events over the period of study, and the number of roofs assessed make it generally

reasonable to assume roof ages as described above.

Since 2005, Louisiana has utilized the International Code Council’s (ICC) building codes with state-specific
amendments. For residential construction, which is the focus of this study, Louisiana is covered by the
International Residential Code (IRC). There were very few roof covering-related changes to the building
code over the period of this study. Prior to 2009, the IRC [19] stipulated that asphalt shingles had to be
rated to ASTM D3161, while after 2009 the IRC [20] also allowed shingles rated to ASTM D7158. These
standards experienced some changes as well, described later in Section 3.2.2. The specific classes of
shingles allowed under these ASTM standards were dependent upon the design wind speed of the

location of use as specified in the IRC.

(a) (b)

Figure 1. (a) Example of cupping in asphalt shingles. (b)Example of clawing in asphalt shingles. [13]

Roof cover damage levels were assessed through aerial imagery for the homes affected by both Rita and
Laura, or Laura only (homes built after 2005). Levels of roof cover damage in Hurricane Laura were
compared to the assumed age of the roof. In addition to single-factor roof age analyses, analyses were
performed to compare the relationships between roof age, level of roof cover damage, and other home
characteristics such as the roof shape and the peak wind speed. The main research questions addressed

within this manuscript are: (1) Is there a relationship between roof cover age and the level of damage
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observed in asphalt shingle roof covers after Hurricane Laura within the selected Louisiana study areas?
(2) Do roof shape and range of wind speeds change the observed relationship between roof cover age and
damage severity? The working hypothesis is that older asphalt shingle roof covers exhibit higher levels of
visible damage because weathering can reduce sealant performance and increase the probability of
shingle unsealing, which is based on previous findings from [2,3,9,10]. The analysis in this manuscript
sought to confirm and quantify these associations and is not intended to imply that roof age alone caused
the observed damage. This manuscript is based on an observational study after hurricane events rather

than a controlled experiment.

2. Datasets and Methods

To conduct this study, two distinct areas of homes with a relatively high density of properties to provide
large data quantities were selected. These distinct areas were homes on the immediate coastline (i.e.,
coastal) in the Holly Beach, LA area and ones further inland (i.e., inland homes) near Lake Charles, LA.

Specifics of these homes and their characteristics are outlined in this section.

2.1 Roof Cover Age and Home Characteristics

The first step in assessing roof cover age involved utilizing post-Hurricane Rita NOAA aerial imagery [21]
to identify homes that had suffered roof cover damage within the study areas. The roof cover damage
was visually estimated for each home following the methodology of [11]. To limit the potential for errors
within the dataset, homes that exhibited less than 25% roof cover damage from Hurricane Rita were not
considered for the study, as it was possible that either a roof replacement or a roof repair had not
occurred. Homes that incurred an estimated 25% roof cover damage or greater from Hurricane Rita were
assumed to have received a full roof replacement, meaning they were assumed to have an approximate

roof age of 15 years at the time of Hurricane Laura in 2020.
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The second step in assessing roof age was utilizing the online real estate database, Zillow, to identify
homes within the study area that were built between the years 2005 and 2020. These homes were
assumed to have no roof cover replacement between the time of construction and Hurricane Laura; thus,
the roof cover age of each home was assumed to be the same as the home itself. This assumption provided
a sample of homes with estimated roof cover ages from 0-15 years at the time of Hurricane Laura’s
landfall. For each home evaluated with this method, the address was obtained from Zillow, which allowed

it to be identified in the aerial imagery and used for damage assessment.

Based on the two described steps and within the study area, 634 homes (538 suburban and 96 coastal)
were available for analysis. For certain roof ages, there was a relatively low number of buildings, as shown
in Figure 2. Thus, roof ages were binned into two-year bins as shown in Figure 3 to reduce limitations and
allow for further analyses. As can be seen, the zero and one-year roof age bins have limited data and thus

were excluded from the analyses where specified, resulting in a sample size of 623 homes.
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Figure 2. Number of homes per roof age.
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Figure 3. Number of homes per 2-year roof age bin.

For all homes, the roof shape was determined from Zillow and aerial imagery and was categorized as
hip, gable, or complex. The hip category consisted of homes with simple hip and hip and valley type
roofs; the gable roofs were separated in the same manner. Within the complex roof category are the
homes with both hip and gable features, as well as unique characteristics such as dormers and multi-
level roofs. Figures 4(a) and 4(b) are representative of hip roofs, Figures 4(c) and 4(d) are representative

of gable roofs, and Figures 4(e) and 4(f) are representative of complex roofs.
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(b) (d) (f)

Figure 4. Examples of each roof shape. (a) and (b) are hip roofs, (c) and (d) are gable roofs, and (e) and (f) are complex roofs.

Imagery obtained from NOAA.

2.2 Wind Speed and Direction

Following the methodology of [23] in assessing garage door performance, aerial imagery was paired with
the gridded wind speed and direction data for Hurricane Laura, which were obtained from RMS’s H*Wind
product [24]. The H*Wind 3-s gust wind speed data in open terrain were converted into an ArcGIS shape
file to evaluate the relative peak wind speed at the grid locations. The closest H*Wind data points were
used to estimate the peak wind speed at each home location, as well as the approximate wind direction
at the time of the peak wind speed. The homes included in this study were located in areas of peak wind
speed 55 m/s — 59 m/s (123 mph - 132 mph) in the inland (i.e., suburban) areas and 62 m/s — 67 m/s
(140mph - 149 mph) peak wind speed in the coastal areas. Figure 5 shows the location of all 623 homes

assessed in the study with the wind speed estimate from H*Wind overlaid.

10
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Figure 5. Map showing locations (black dots) of homes included within the dataset overlaid with H*Wind contours (in m/s). The
coastal region of the study is included in the green rectangle at the bottom of the image, while the inland area is included in the

purple rectangle.

2.3 Damage Estimation (Hurricane Laura)

The level of roof cover damage caused by Hurricane Laura was visually estimated for each home using the
post-Hurricane Laura NOAA aerial imagery [22] following the methodology of [11]. Each home was
classified with one of five roof cover damage severities: no damage, <25% damaged, >25-50% damaged,
>50-75% damaged, or >75% damaged. Examples of the damage categories (not including the ‘no damage’
category) are provided in Figure 6. The 25% interval in damage levels was used because it is consistent
with the damage level approach used in previous remote sensing wind-damage studies [11,23,27] and
because aerial imagery can support reliable classification into damage ranges rather than precise
percentage estimates. The levels provide a repeatable visual scale for comparing relative roof cover

damage severity across a large post-hurricane damage dataset.

11
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Figure 6. Examples of each roof cover damage state. From left to right: <25% damaged, >25-50% damaged, >50-75%

damaged, >75% damaged. Imagery obtained from NOAA aerial imagery.

3 Hurricane Laura Damage Analysis and Results

3.1 Roof Age Analysis

A database was developed to record the location, roof cover age, estimated peak wind speed, and roof
cover damage severity category, to allow for analysis. An example of roof cover damage by age in the
coastal region of the dataset is shown in Figure 7, which illustrates the relative increase in visible roof
cover damage with increasing roof cover age across an area with similar wind speeds. The percentages of
homes in each roof age bin for a given roof cover damage level are shown in Table 1 and for homes with

roofs older than one year in Figure 8 which includes all homes in the study.

12
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181 Figure 7. Examples of each roof cover damage state by roof age for homes in close proximity in Holly Beach, LA (coastal
182 region). (a) Roof age: 2 years, (b) Roof age: 3 years, (c) Roof age: 5 years, (d) and (e) Roof age: 8 years, (f) Roof age: 10 years,

183 (9) and (h) Roof age: 11 years.

13



184

185

Table 1. All Homes (Roof Coverings) Assessed in this Study.

Age Number Homes Homes Homes Homes Homes Homes Homes Homes Homes Homes

Bin of with no with no with <25%  with <25%  with 25- with 25- with 50- with 50- with >75%  with >75%
homes  damage damage damage damage 50% 50% 75% 75% damage damage

(n) (%) (n) (%) damage (n) damage damage (n) damage (n) (%)
(%) (%)

2-3 124 74 60 41 33 5 4 1 1 3 2

4-5 62 21 34 31 50 6 10 2 3 2 3

6-7 74 28 38 38 52 3 4 4 5 1 1

8-9 46 16 35 19 41 9 20 0 0 2 4

10-11 54 3 6 24 44 17 31 8 15 2 4

12-13 83 8 10 34 41 15 18 18 21 8 10

14-15 180 5 3 65 36 42 23 36 20 32 18

Total 623 155 252 97 69 50

14
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Figure 8 shows that the performance of newer roof covers was better than that of older roof covers. For
example, the majority (60%) of 2-3 year roofs exhibited no roof cover damage, while only 3% of 14-15
year old roof covers exhibited no damage. As another example, for the highest damage levels, only 2% of

2-3 year old roof covers had > 75% damage, while the percentage was 18% for 14-15 year old roof covers.

Overall Roof Damage Analysis

>75%

50-75%

25-50%

Percent Damage
Proportion

<25%

0%

2-3 4-5 6-7 8-9 10-11 12-13 14-15
Roof Age (years)

Figure 8. Proportion of homes per roof age bin for a given roof cover damage level.

Figure 9 provides another way to view the damage data, which shows the cumulative percentage of
homes that experienced a minimum roof cover damage level. For example, in the 2-3 year age bin, 40%
of all homes within that age bin had at least some roof cover damage (>0%), 7% of the homes experienced
at least 25% roof cover damage, 3% of homes experienced at least 50% roof cover damage, and 2%
experienced at least 75% roof cover damage. As the roof age increased, the percentage of homes with at
least some roof cover damage (>0%) generally increased, to the point where 97% of homes 14-15 years
old exhibited some damage to the roof cover. In general, the older the roof cover age, the higher the

likelihood of damage at each increasing cumulative damage level.

15
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Figure 9. Cumulative proportions of homes per roof age bin for a given roof cover damage level (no undamaged homes

included).

Figure 10 uses the same data as Figure 8 and plots the proportion of homes in each damage category for
each roof age bin. lllustrated this way, it becomes even clearer that age is a factor in the level of roof cover
damage. The proportion of roof covers experiencing “no damage” drops off considerably between the 8-
9 and 10-11 year bins. For specific damage levels, especially above the < 25% level, the proportion of
homes within those damage levels increased for certain age bins. For example, the age at which roof
covers experienced a notable increase in the 25-50% damage level is between the 6-7 and 10-11 year bins,
while the age at which they experience a notable increase in the 50-75% damage level is between the 8-
9 and 12-13 year age bins. The age at which they experience an increase in the >75% damage level is
between the 10-11 and 14-15 year age bins. As an example, a home is over five times more likely on
average to have 25-50% roof damage for the range of wind speeds considered if the roof cover is 10-11

years old versus 6-7 years old. The age transition noted between the 8-9 and 10-11 year-old bins is specific
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to the analyzed dataset representing the change in the observed damage levels in Hurricane Laura rather

than an experimentally verified threshold for asphalt-shingle deterioration.
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Figure 10. Proportion of homes with various roof cover damage levels by age bin.

3.2 Home Characteristics Analysis

To elaborate on the findings in Section 3.1, which purports age as a key factor affecting roof cover
performance, the next part of the analysis included additional home characteristics such as roof shape.
To provide additional clarity on the results, only the homes/roofs in the suburban areas were used in the
analysis. The rationale behind using the suburban roofs is twofold. First, the overwhelming majority
(527/623 = 85%) of analyzed roofs (ages = 2 years) are within these regions, maintaining a large sample
size. Secondly, it should significantly reduce the effects of peak wind speed on damage (which is likely to
be a significant predictor of damage) as the H*Wind-derived peak wind speeds ranged from approximately
55 m/s — 59 m/s (123 mph - 132 mph) in the inland regions. Similarly, it avoids adding uncertainty if

modifying the H*Wind speeds to a terrain and roof height in line with actual conditions, which would be

17
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considerably different for inland vs. coastal exposure, further increasing wind speed differences. To
further increase sample size and produce additional clarity in findings from Section 3.1, larger age bins are
also utilized in this section, where noted.

3.2.1 Roof Shape

Additional analyses were carried out to evaluate the effect of roof shape on roof cover performance. Roof
shapes considered are hip, gable, and complex, as discussed in Section 2. Roof covers were first grouped
into two large age bins: less than 8 years old and greater than or equal to 8 years old. The results are
presented in Figure 11, which illustrates that newer (i.e., < 8 years) gable roofs experienced roof cover
damage at a higher frequency than newer hip and complex roofs. The proportion of gable roofs in each
roof cover damage level category is similar regardless of age, while for hip and complex roofs, the
difference in roof cover damage levels with age is notable, where older roof covers (>= 8 years) are
damaged at a higher frequency than newer roof covers (< 8 years). Older (>= 8 years) gable and complex
roofs have a similar frequency of homes at each roof cover damage level, while older (>= 8 years) hip roofs
display higher frequencies of homes at nearly all roof cover damage levels in comparison. This result is
contrary to previous studies, which have shown that gable roofs generally experience higher levels of
damage than hip roofs [26,27,28]. Dixon et al. [2] noted that shingles on the hips themselves (the
intersection of different roof faces) were more susceptible to unsealing than those located in the field of
the roof and were therefore more likely to be damaged during high wind events. Newer hip roofs followed
the findings of previous studies, with a lower frequency of damaged homes than gable roofs. Assuming
that the likelihood of damage level is binomially distributed, plus and minus one standard error is also
plotted for each of the damage levels in Fig. 11. The error bars demonstrate higher uncertainty in the
proportion of gable roof damage less than 8 years old especially for higher damage states, however, the
conclusion that gable roofs suffer damage in higher proportions is generally accepted throughout the

literature. For roofs greater than or equal to 8 years of age, the conclusion of greater proportions of hip

18
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roofs damaged holds weight as there is little or no overlap between the possible ranges of hip and gable

roof damage, especial

ly for moderate damage levels (50% damage and less).

Level of Roof Cover Damage vs. Proportion of Homes (Suburban <8 YR)
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Figure 11. Roof cover damage by roof shape for newer and older roofs. (a)less than 8-year-old roofs and (b) greater than or
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equal to 8-year-old roofs.
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To further illustrate the effects of both age and roof shape, Figure 12 plots proportions of cumulative
damage levels for 2-3 year old roofs and 14-15 year old roofs — the newest and oldest age bins in the study
— with different roof shapes. Figure 12a shows that age alone is not the only factor affecting the presence
of roof cover damage, as complex roofs had a much higher frequency of homes in the lowest damage level
(> 0%) than hip roofs. By contrast, once roof cover damage exceeds 25%, the roof shape does not notably
affect the frequency of 2-3 year old roof covers in each damage bin. The opposite is observed in Figure
12b, where nearly all 14-15-year-old roof covers, regardless of shape, have at least minimal roof cover
damage (> 0%). For these older roofs, there does appear to be performance differences at the higher
levels of damage (> 25%) for different roof shapes, which echoes the findings illustrated in Fig. 11.
Assuming that the likelihood of damage level is binomially distributed, plus and minus one standard error
is also plotted for each of the damage level in Fig. 12. The results further strengthen the claim of

differences by roof type in the older roofs, as there is little or no overlap in the error bounds.

Levell of Roof Cover Damage vs. Proportion of Homes (Suburban 2-3 YR)
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Figure 12. Roof cover damage by roof shape for (a) 2-3 year old roofs and (b) 14-15 year old roofs.

3.2.2 Wind Speed

Roughly the same wind speed (10 m, 3-s gust) was encountered by all the inland roofs included in this
study during Hurricane Laura, so the analysis described in the previous sections is independent of wind
speed. However, Hurricane Rita had peak wind speeds much lower than Hurricane Laura for the areas
evaluated in this study, so a comparison was conducted to evaluate the effect of wind speed for the subset
of homes that suffered roof cover damage in both hurricanes. Wind speeds were extracted from H*Wind
for both events. The roof cover performance comparison is highlighted in Figure 13. For all cumulative
roof cover damage levels (e.g., > 25% damage), the proportion of homes in Rita was much higher than in
Laura, even though the maximum wind speeds were lower. For example, in Hurricane Rita, in the >25%
damage category, a roof cover was almost twice as likely to be damaged in 40 m/s —45 m/s (90 mph - 100

mph) in Hurricane Rita versus 55 m/s — 60 m/s (123 mph - 134 mph) in Hurricane Laura. This difference
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288 suggests that shingles in place during Hurricane Laura were better able to withstand extreme winds than

289  those in place at the time of Hurricane Rita.

fomparison of Damage Levels and Hurricane Wind Speeds
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291 Figure 13. Proportion of homes with various cumulative roof cover damage levels given wind speed ranges for Hurricanes Rita

292 and Laura.

293 It should be noted that shingles that were in place at the time of Hurricane Rita would primarily have been
294 rated to ASTM D3161. The 1999 version of ASTM D3161 [29], as well as earlier versions, tested shingles
295 up to 27 m/s (60 mph), but when the 2003 version of ASTM D3161 [30] was published, the range of test
296  speeds was from 27 m/s — 49 m/s (60 mph - 110 mph), a range which continues today (ASTM 2025) [15].
297 It is unlikely that many of the shingles installed prior to Hurricane Rita would have been rated to 49 m/s
298 (110 mph), given the small amount of time between the publication of the 2003 version of ASTM D3161
299 [30] and Hurricane Rita in 2005. ASTM D7158 [31] was not published until 2005, and it is unlikely many
300  manufacturers would have begun manufacturing and testing to this new standard in time for these
301  shinglesto have been installed in large numbers prior to Rita’s landfall. ASTM D7158 had a maximum wind

302 speed rating of 67 m/s (150 mph) when first published [31] and was raised to 85 m/s (190 mph) in 2016
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[14] before increasing again to 87 m/s (194 mph) in the 2024 version [12]. The majority of shingles
installed following Hurricane Rita would likely have been rated to both ASTM D3161 [30] and ASTM D7158
[30,31]. Based on these changes in the standard test methods, it is understandable that performance in
Hurricane Laura was generally better than in Hurricane Rita, despite higher wind speeds in the latter
storm. However, there were still many shingle failures seen in Hurricane Laura in areas where the wind
speeds were less than 67 m/s (150 mph), even though the vast majority of shingles would have been rated
to this wind speed according to ASTM D7158 [14] at either 67 m/s (150 mph) or 85 m/s (190 mph) at the

time of Hurricane Laura.

4 Limitations

This study was purely observational — the results and conclusions of the study are based on the statistics
generated by the observations rather than controlled experimental testing. Therefore, this study identifies
associations between roof age, roof shape, wind speed, and roof cover damage, but it does not establish
full causation. It is worth noting that the analysis was based on subjective roof damage level assessments
by visual interpretation of aerial imagery using broad percentage categories. This approach was necessary
because detailed inspections, material samples, and detailed building documentation were not available
for the full dataset. Recent work by Walczak et al. [32] shows a more objective method to diagnose the
damage in buildings using terrestrial laser scanning (TLS). However, the methodology presented in this
paper was the only available option due to the limitations of the available data. Important variables such
as roof level wind speed, terrain exposure, surrounding obstructions, aerodynamic shape, building height,
plan dimensions, roof slope, roof structural configuration, construction quality, material specifications,
installation quality, maintenance history, and previous repairs could not be fully controlled, and in many
cases are not publicly available. These factors may also contribute to the observed damage patterns. The
current study also required assuming the age of a roof cover if it was subjectively determined to be

damaged in Hurricane Rita and through the year built if constructed after Hurricane Rita. There was a
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limited assessment of uncertainty in the estimates given in the manuscript. Errors could stem from the
estimation of roof damage level, multiple roof replacements after Rita yielding an inaccurate assumption
of roof age, renovations, and the correction of wind speeds from a standard height and terrain including
any sheltering or interference effects of the nearby built and natural environment. Assumptions were
made regarding the correctness of year-built information contained in Zillow and the wind ratings of the

shingles described as in Section 3.2.2, which could also lead to errors if the assumptions were incorrect.

The dataset is limited to two geographic areas in Louisiana and to asphalt shingle roof covers exposed to
Hurricane Laura. Therefore, the results may not be generalizable to other high wind events, construction
practices, roofing systems, or design standards. The performance transition observed between 8-9 and
10-11 year-old roofs in this dataset should be treated as an empirical threshold of the analyzed sample,
not as a general service life threshold. Laboratory aging tests, field sampling of sealant condition, and

additional field datasets would help to validate the mechanisms suggested by the observed trends.

5 Discussion and Conclusions

In this study, there was an observed relationship between the age of a roof cover and the level of roof
cover damage. There were increases in the proportion of homes with roof cover damage with increasing
age for all damage levels considered. Specifically, the 25-50%, 50-75%, and 75-100% roof cover damage
levels increased at roof cover ages of 8-9, 10-11, and 12-13 years, respectively. When considering roof
shape in addition to roof age, hip roofs appeared to be more susceptible to roof cover damage with an
increase in roof age than gable roofs, especially for roof ages 8 years and older, but this would need to be
explored further given findings from previous studies. For homes damaged in both Hurricane Rita and
Hurricane Laura, notably higher roof cover damage levels were observed for much lower wind speeds in

Hurricane Rita, which was unsurprising given changes in shingle test requirements over that time period.

24



349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

The results presented in this manuscript are consistent with findings from prior research that show that
asphalt shingle performance is linked to sealant condition and increased unsealing that happens over time
[2,9,10]. However, this manuscript was able to build upon previous work by making improved

assumptions regarding roof cover age.

Previous studies had to rely only on building age as a proxy for roof age, which is an assumption that works
for newer buildings, but becomes increasingly challenging for older buildings given the increased
likelihood that a roof replacement may have occurred. The presented observations in this manuscript
provide further evidence that the proportion of homes with visible roof cover damage increases with age.
This agreement strengthens the hypothesis that roof cover age contributes to the level and frequency of
damage observed after hurricane events. However, this study does not include material testing of shingles

or direct sealant measurements and relies on observations rather than experimental verification.

Additionally, previous studies show that hip roofs perform better than gable roofs under extreme wind
loading [26, 27, 28]. The present study shows an agreement with these findings for younger roofs, where
newer hip roofs were generally less frequently damaged than newer gable roofs. However, the study

shows that older hip roofs perform worse than gable roofs.

The comparison between Hurricanes Rita and Laura also provides useful insights for the role of changing
asphalt shingle standards. Despite the higher estimated wind speeds in Laura, the subset of roofs
damaged in both storms had higher damage proportions during Rita at lower wind-speed ranges. This
pattern is consistent with the evolution of ASTM shingle wind resistance standards and suggests that roofs
may have benefited from improved shingle ratings. At the same time, the presence of substantial damage
during Laura at wind speeds below ASTM D7158 ratings indicates that laboratory ratings for new, sealed
shingles do not fully represent aged, installed roofs exposed to weathering, installation variability, and

repairs.
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The contribution of this manuscript is not a fragility model or a controlled material aging experiment.
Instead, it provides a large, field observational dataset showing that roof cover age is an important
variable to consider when interpreting asphalt-shingle damage after high-wind events. The findings may
not be generalizable outside the studied regions, wind-speed ranges, and roof cover type without

additional validation.

Future work will aim to improve upon the limitations of this initial study. The development of models and
tools to assess damage objectively and in an automated manner will help alleviate some of the subjectivity
in the current research. Further investigation is ongoing with additional datasets of a similar type,
including damage data from Hurricanes Gustav in 2008 and Ida in 2021, which both made landfall further
east in Louisiana [9]. Other future work could also develop fragility curves or investigate the propagation

of failure within roof systems similar to the work presented by Ksit and Szymczak-Gracyzk [33].
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Highlights

An observational analysis of 623 asphalt shingle roofs damaged during Hurricane Laura (2020)
shows an association between roof age and damage severity.

Roofs older than eight years exhibited a notable increase in observed damage levels compared
to roofs less than eight years, with 97% of 14—15-year-old roofs within the analyzed sample
experiencing some level of failure.

Hip roofs were more susceptible to roof cover damage with an increase in roof age than gable

roofs, especially for roof ages 8 years and older.
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