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HAIL DAMAGE TO ROOFING:
ASSESSMENT AND CLASSIFICATION
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torm damage complaint and large insurance payouts in

the Bauthwestern and Midwestern United States have geo-
eraird a vepewed interest in hail as a destructive force to roof
ing, There is an inventary of hail damage information result-
ing from ficld investgations and many insurance claimes.
However, information about the assessrent and clagsification
of dumage to roofs by falling hailstoves is lacking. PartIof
this paper suggests procedures for on-the-roof assessment of
hail daraage. It assigns damage suscepiibility Eacoors for eight
generic roof systems with respect.to damage types.

Part I a classification system for rating the resis-
tance of roofing producss 1o hailstones. Hail testing bas been
carried out in laboratories using simulated hailstones to
impact roofing products for many years. The results have
been reported in the technical Mirerature.  Using these
results, kittetic encrgy is as the criterfon for quan.
tifying hail resistance of reofing products. This allows for
making reasonable comparisons between the results of the
marry different test methods used to measure the hail resis
wnce. Such a system can be useful 1w standard developers,
inswranve companies, contractors, manufacturers, owners,
regulators, researchers and other interested parties.
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INTRODUCTION

Hailstorms cause considerable damage to residential and
commercial roofing each year. Smith’ reported that, since
1989, the invurance industry estimaves that hail damage to
buildings averages $1.94 bilkion per year. Haillstorm damage
in the Southwestern and Midwestern United States has gen-
erated a renewed interest in hail as 2 destructive foree to roof
ng. This is reflected in escalating insurance settlements,
increasing owner complaints, and requests for information
about evahuting and repairing hoil damage. Although infor-
mation on hail tests is reported in technical literature, litde
deuls with the assessment or classification of hail damage to
roofing. This r addresses these sublects.

Pare{ offers guidelines for the assessment of hail damage 1w
commercial and residential roof systems. It asserts that testing
oay be required 10 supplemen visual observations w identfy
comocaled dumage that can adversely affece the waterproofing
integrity and the service Jife of the roofing memnbrane,

Part 1T proposes a classification sysiem for rating the hail
resistanice of roof systems. Kinetic energy is used as 2 quant-
tative measure to the hail resistance of roofs as pro-
posed by Mathey! The threshold criteria used are interpret

ed from data reported in the technical literature. Several
henefits from the establishment of a reasonable classification
system are described.

HAILL AND HALRLSTORMS

1tis beyond the scope of this paper 1o review the theories of
hail formation, storm types, storm development, and other
theoretical and practical information regarding hailstones
and their characteristics. This information can be found in
the literature. Hailstorms rarely produace hailstones of uni
form size, shape or density. in most cases, these storms pro-
duce hailstones that are relatively small and render little dan-
ger 10 roofing matcrials. However, each year there are rare
storms that yield hailstones in the range of 13 to 75 or even
100 mm (¥ w0 3 or even 4 in) in diameter,

1.8, Weather Bureau data’ show that the mosi likely areas
of the United States 10 encounter hailstorms lie between the
Appalachian and Rocky mountains. A method for predicting
the frequency and probability of hail size in the Midwestern
states was reported by Friedman' Figure } iustrates the
anpual frequency of the number of days on which hail falls
that he estimated for the Midwestern states, Using several

Fgure 1. Average annval eumber of days with hail in the Midwestern
sater”
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sources of data, Friedman aiso caleulated the probability that
hail will be of a cextain size on a day that hail occurs as exem-
plified in Table 1. Information on hailstorm frequency is also
reported in a Factory Mutual Data Sheet.

PART F—HAIL DAMAGE ASSESSMENT

Foreneord

Most roof systemns are susceptible to damage resulting from the
impact of large haiktones falling at high velocities. The extent
of darnage depends on the nature of the roof system, Le., mate-
vials and design as well as the force produced by the impact of
fulling hailstones. Other factors, such as age and surface tern-
perature at dome of impact, may also come into play.

Hal damage can be cosmetic: or substantial. The effects of
hail damage oficn can be readily seen. Bat, visual observation
of roof surfaces often doss not reveal serious damage. This
may include weakening of granular adhesion, fracmures,
punciures and the like. ¢ to the substrate also can
oceur: In such cases, testing is required 10 belp determine the
extent of the damage 1o the roof system’s components.
Unfortunately, some damage may not be apparent until after
months or yeams of exposure. I substantial damage has
occurred, the roof system’s waterproofing integrity is at risk
and its service life threatened.

Inspection snd Testing

A thorough inspection for damage is recommended after
exposure o large hailstones. Initially, a “walk over™ of the
roof is made noting the extent, type and intensity of visible
damage. Particutar attention should be given ro the more vul-
nerable yoof areas incuding fashings, seams, material edges
and unsupported areas. Probe questionable areas to decide if
further stady is warranted. If substanzial damage is suspected,
testing may be required.

Samples should be taken from the areas. The
samaples and the exposed substrates are examined for defects
caused by the hatlstones impact. The components or plies of
bitwninousbased materials can be separated by solvent
extraction or other suitable means to establish the fall extent
of concealed damage. This can be accomplished on-sive with
proper equipment, but it is more conveniently done in a lab-
oratory. Specific testing techniques are required to detect
hidden damage to other materials such 23 single-ply mem-
branes, shingles, memal and inorganic materials.

Various generic roof systems are susceptible to distinctive
types of hail damage. it is beneficial o become familiar with
the types of damage associated with generic systems for
inspection and testing purposes. Some examples follow:

Rool Systam Type of Damage
GHL; IND (FRE ) BHR | PCT | PLS f S8%
Asphalt Shingles | X X X ) 4 X
+ Prepared Roofing] X X | X X 1 X X
Bitumingus BUR X X X X
Single-ply ’
Mambranes X X X X X
Wood Shingles Xt X * X
inorganic Tiles,
Slates, etc. X % X
Metal b 4 X X
Moditied
Bitumen X ¥ X X X
Spray. Poly.
Faam X X X
Key: GRL - Grangle loss IND - Indentation FRG -FreiGrack
SHA - Shalter PCT - Punciure
PLS -Ply sep. 585 - Substrate Related Problems

Thble 2. Susceptibility of generic mof system to hail damage class.

Bituminous BUR: Membrane fracture, flashing puncture
and cracking, interior ply fracture or separation, interface
separation between membrane and substrate, and substrate

Modified Bitumen: Weakening of granutar adhesion, gran-
ule loss, cracking, puncture, insulation facer separation, sub-
strate defamination and substrate damage.

Single-Ply Merobranes: Indentation, punciure, cracking,
shatter, substrate damage, fraciure at fasteniers and mem-
brane/substrate delamination, .

Asphalt Shingles: Weakening of granular adhesion, gran-
ule adhesion loss, fracture, puncture, component delamina.
tion, and valley flashing and substrate damage.

Prepared Roofing: Weakening of granular adhesion,
indentation, fracture, pusticture, component delamination
and substrave .

Wood Shingles: Fracture, punciure, splitting and substrate

Inarganic Tiles, Slates, etc.: Shatrer, cracking, fracture and
substrate .

Metal Roofing: Indentation, creasing, coating adhesion
loss and puncture.

Sprayed Polyurethane Foam: Indentadon, fracture, sur-
face cracking and coating damage. :

Maintenance and repair options for hail damage are very
broad. Just as damage is roofsystem specific, maintenance
and repair alternatives are also roof system: specific. Repair
decisions must follow after analysis of data from visual obser-
vations and test results. The significance and degree of dam.
age will determine the remedial techoiques required. These
options include spor repair, recoating, recovering the dam-
aged areas and, in extreme cases, revoofing of the damaged
systemn. The economics of repair . reroofing should dictate
the choice.
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Unfo..unately, there are a lack of procedures for assessing
hait damage both on actual roofs and on hail-damaged sam-
ples in the Yaboratory, These procedures need to be devel
oped. Lacking them, the assessment of hail damage sustained
by common roof systerns yequires systemn specific analysis,
Data and information ensuing from observations and test
resmalis are required to carry out the analysis, Maintenance
and repair decisions rely on the information available and
Judgrments of qualified professionals based on the analysis of
the available data.

PART TL—HAIL RESISTANCE
CLASSIFICATION SYSTEM

Teat Methods

Test methods for impacting roofing targets with simulated
hailstones are described in the literature. Some methods use
compressed air guns 10 propel projectiles ag targets. Timing
devices are used to measure projectile velocity either initially
or just prior tw impact. Other methods wse projectiles
dropped on targess from predetermined heights. In each
case, the impact energy resulting from the projectile impact
can be calculated.

The composition of the commonly used projectiles to sim.-
ulare hailstones include ice, metal and plastic missiles, They
vary considerably in density, shape and size. Consequently,
there is considerable debaie among researchers regarding the:
dissipation of energy of the various types of missiles when they
impatt 2 target. This is a Buidul subject for further research.

A test method, developed at the National Burean of Stan. -

dards* {NBS),” uses ice spheres varying in diameter from 25
1o 75 millimeters in increments of 6 millimeters (1 o 3 inch
es in increments of % inch}. The spheres are propelied at
velocities of 23 1o 40 m/s (75 t0 131 ft/s) to impact the tar
get resulting in irmpact energies varying from about 1.4 10 63
Joules (1 to 46 £ Ibf).

Table 3 relates hailstone size and terminal velocity' to
kinetic energy as twy the National Butiding Research
Institite of South Africa.® The wble gives the data and Figure
2 iflustrates these data in terms of the relation between sive,
wvelocity and impact energies achieved by falling hailstones,
The data show that the impact energies increase exponen-
tially with the increase in size and velocity of ice spheres. The
energy nearly triples from the impact of a 38 mm to a 50 mm
{1X 10 2 2 inches) hailstone from 11 to 30 joules (]} (8 10 22
ft. Ibf),

In 1991, Roonte’ reported on hail impact tests on residential
roofing products. Ice spheres, 19w 63 mm{ 510 2¥inches) in
diameter, were projected at roofing targets at velocities of 20 to
35 m/s {65 to 118 f/5). The resulting impact energies varied
from zbout 1.4 1w 72 jousles (1 to 53 fi. Ibf).

Ar another aboratory' a pneumatic gun was used to
mpact targets with ice projectiles of various shapes, sizes and
densities. The projectiles, up w 75 mm (3 inches} in diame-
ter, were propelled at speeds in excess of 40 m/s (131 fi/s)
resulting in impact energiss exceeding 163 joules {120 fu
tbi). Tests were conducted on a variety of roofing products.

Now the National tnstitule of Standavds and Tecmology (WIS T),
1 Terminal velocity is the limiting uniform velocity atigined by u falling
body vhen the resistonce of the atr has bacome apusl to the fore of gravaty.

Diameter Terminal Velozity* Kinetic Energy
{mm} {m/s} Joulng {J)

25 22 1

3 25 ]

k! 28 11
44 3 19
50 33 34
56 36 72
54 38 110
785 40 163

« Terminal velocity i the Emiting uniform uelocity atiained by a falling
 body when the resistance of the atr has become squal to the force of grevity.

Tuble 3. Sice, tevminal velocities, and enegies of hadlsiones.

In contrast to using ice spheres to impact samples, the
Swiss Federal laboratory for Materials and Research®
(EMFA) impacied various building envelope products with
plastic spheres, 40 mm (1% inches) in diameter with a mass of
38.8 grams(f1.04 thm). The velocity of the plastic spheres pro-
pelied by com atr was varied from 2 m/s (6 it/5) w0
over 30 m/s (98 f1/5) resuhing o kinetic impact energies
from 1 to about 20 joules(] to about 15 ft. [bf), In this pro-
cedure, the surface of the samples are cooled with crushed
ice prior 10 impact of the plastic missiles.

Standard test methods

ASTM, Underwriters Laboratories (UL} and Facuwry Mutual
Research Corporation {FMRC) promulgaie standards for
measuring the impact resistance of roof coverings. The three
test methods are similar in concept in that each measures the
resistance of roof systems 1o the impact of metd missiles of
weight, size and shape as specified in each method.

The ASTM method" subjects samples of bitominous roof
systems to the impact of a missile {steel cylinder} falling from
a predetermined height imparting an impact energy of 30
Jjoudes(22 fi. Ibf). Damagye is assessed by visual examination of
the reinforcing felts after solvent extraction. The method
suggests a resistance rating be assigned as follows: 0 = no
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damage, 2 = indentations only and 4 - cracks or splits.

The FMRC method? determines the potential for hail
damage of roof covers adhered 1o insulation and various con-
crete, metal, gypsum and wood decks. Test surfaces are ardfi-
cially cooled prior wo testing, 'Two separate hail damage tests
are used. One test measures the resistance (o severe hail dam-
age (Class I-SH} by subjecting the sample to an impact eper
gy of 19 joules (14 fi. ibf). The second measures hail resis-
tance of roof coverings to moderate hail damage {(Class 1
MH) by delivering an impact energy of 10.8 joules{B fi. Ibf}.

The UL method12 provides impact resistance data for the
evaluation of several different reofing materials and roof cov
erings. The performance is predicated on the materials and
coverings resistance to falling steel balls dropped from pre-
determined heights thus generating energies consistent with
hailstones falling at terminal velocities. Various techniques
are userd w assess the reyulting damage.

Table 4 provides the st parameters and the energies pro-
duced by the impacting missiles in the ASTM, UL and FMRC
test methods,

Test Results

shingles

The NBS research involved the testing of a variety of asphalt
shingle products. Type 235 orgunic reinforced asphalt shin-
gles were impacied with hailsiones at three areas of the shin
gie b at the edge, at areas of no support and at areas of
triple coverage. Testing was performed on shingles applied w
plywood and tongue and groove wood decks with and with-
out organic felt underlayments. The criterion used to define
the endpoint was the impact energy required to fracture the
shingle reinforcement. Table 5 summarizes the results of hail
testing on shingles.

Koontz reported west results on organic and Sberglass reit-
forced asphalt shingies. The shingles varied in 'ghua‘lity from
the standard class (o the laminaced products. The shingles
were applied w plywood decks and tested at room tempera-
tures, Table & reports minimum energy’ sufficient to cause
indentation, fracture and puncture.

Built-vug: voofing

Four wpes of builtup roof constructions used in the 1960s
were tested in the NBS hail research program. The samples
included: 1) base sheet and 3 plies of #15 felt, 2) base sheet

1 Energy Requirad to Fracture
Reinforcementlovies {3}
Ko Underdsyment | #15 Fall Undsrioyment
Enge No Triple ! Edge | Ho Tripia
Deck Type Supl. | Cover Sepl. | Gowwr
Prywood (13Mmj} 18 | 19 | 18 | 11 "ny
T&G (25 150mm)] 30 19 72 1" 11 30

Tadle 5. Tesi resulls on Fypr 235 axphall, orgunic shinglec?

and 3 plics of ashestos felts, 3} two plics of glass reinforced
felts covered with coated glass reinforced sheet and 4) base
sheet and % plies of coal @ar felt. The membrane systems were
tested over substrates of various densities and, in some cases,
were vested with and without 2 14 kg/m® (2.9 psf) slag sur-
facing. The result of the NBS hail tesis, as interpreted from
Greenfeld's data’ in terms of minimum energy to cause dam-
age, are reported in Table 7.

More recent hail testing (1991)¥ of a weathered fourply,
organic felt BUR support the NBS test results by demonstrat-
ing that spherical hailstones must attain energies in excess of
30 joudes (22 fi. Ibf ) 10 cause damage.

Classification System for the Hail Resistance for Roofing

Based on hail research and testing results reportted in the lis-
erature, it is logical to propose a classification system for mea-
suring the hail resistance of roof systems. A performance for

Failare Criteria ]
Asphalt Shinglas Kinstic Energy {J)
Reintorcoment { Type | ASTM Sid | indend. | ind/fract ) Pentlure
Fibergiass #2160 | D38 19 36 None
Organic #235 p-225 8 18 None
Fiberglass #260 | D-3018 5 30 None
Fiberglass #300 | b-3n8 5 a Neae
(rganic #240 | Tock 5 18 None
Fiberglass NAA Tdock 5 1 19 None

Tuble 6. Hail tast vesults of asphalt shingle products?

R Missiie Paramaisrs Membrans Roofing Kingiic Exergy (J)
Oismoter, | Mass | Digtance, | Energy, Type Sobetrate | Surfsce | ¥ L s
Standand mm a mm J Bar, 4-Ply Organic | Danse | Smosth | 41 | 20 | +72
ASTM B‘B?‘S 58 227 1355 3‘30 } " " - Fhr md Smm 1 30 % ‘]‘2
i Class |-8H 45 360 5400 8.0 PR Fh Glas Smooth 1 30 72
Plllass N | 51 737 1500 10.8 Bur, 3.Ply, Glass | Dense | Smooth | Na | +80 | +72
UL Option 1 32 :1 7 o0 45 o ow « Fb Board Smooth 11 301 72
UL Option 4 51 RYA" §100¢ Nz % Surbes Indendation ~ il dQ_i;?‘!,.
Tubie 4. Kinetic energies produced by the ASTM, FM, and UL stondand U surtace Gracking — l_'h,t.r.
fesi W‘-?&dﬂ 44 cwm

* Interpreted from veporied data.

e

JCC' Tuble 7. Minimum hailstone impact ensrgy (o damage BUR
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