ANALYSIS OF STORM-DAMAGE FACTORS FOR LOW-RISE STRUCTURES

By Ben L. Sill,' Member, ASCE, and Ronald T. Kozlowski’

ABSTRACT: This paper presents an analysis of damage factors for low-rise structures exposed to hurricane
winds. The intent is to provide a systematic approach for estimating wind damage and loss for a population of
structures over a wide range of conditions, by beginning with several logical hypotheses and developing these
into expressions for damage. The resulting equations have been validated with limited data from Hurricanes

Betsy and Andrew.

INTRODUCTION

The landfall of Hurricanes Hugo, Iniki, and Andrew has
emphasized the staggering economic losses that can result
from a major storm. Unfortunately, the data needed to validate
damage prediction models historically have not been acquired
by the insurance industry following windstorm events. Al-
though some efforts are currently being made, the database
remains woefully inadequate, leading to a greater damage pre-
diction uncertainty than is necessary. This limited database
also reduces the value of multivariate regressions, which are
good predictors only when sufficient data are available to
boost confidence levels. Rather, the best approach is to base
models on logical hypotheses.

Following Hurricanes Andrew and Iniki, the U.S. Depart-
ment of Housing and Urban Development [U.S. HUD (1993)]
produced a damage survey for a random sample of single-
family homes. This report supports conclusions made by oth-
ers (ASCE 1990, 1993) such as (1) almost all problems were
related to the roof systems, (2) failure of windows and other
openings caused large amounts of damage, and (3) water dam-
age from rain following a breach of the building envelope
increased losses dramatically.

The following are topics of interest in the present analysis:

1. Likelihood of damage—Assessing the probability of a
particular building in a specified population being dam-
aged in a hurricane is the first step in determination of
the overall damage to a population of structures.

2. Terrain effects—Differing roughness of the local terrain
affects both the wind speed and the gustiness of the
wind.

3. Wind damage versus nonwind damage—Wind causes
damage to the exterior of a structure. Following this
damage, the accompanying wind and rain penetration
into the structure can cause substantial damage to the
interior of the building.

4, Damage variation by structure type—Ideally, it is desir-
able to be able to predict damage for differing types of
low-rise structures.

ANALYSIS
Wind Speeds and Associated Damage

From studies of recent hurricane damage data (Sparks et al.
1994), the following three wind-speed regimes are proposed.
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Regime I: This regime encompasses speeds from O up to
the value at which loss of roof tiles and shingles begin (defined
as u;). For this range of speeds, no damage is expected, either
to the exterior of the building or to the contents.

Regime II: Over this range, damage is primarily to the roof
covering although some damage begins to occur as a result of
projectiles and falling trees. As shingles or tiles are lost, rain
can penetrate the exposed sheathing with the result that dam-
age occurs not only to the exterior by also to the interior. It
is reasonable to expect that interior damage would increase at
about the same rate as that to the roof covering because both
accrue on a per area basis. As the roof covering is lost, it
exposes more and more cracks in the sheathing through which
rain can penetrate.

Regime III: At still higher speeds, the structure experiences
loss of sheathing material on the roof or walls and also breach-
ing of window and door openings. This results in exposure of
large openings to the rain so that losses to the interior of the
building increase quite rapidly. The velocity at the beginning
of this regime is defined as u,,, indicating that at this speed,
sheathing loss is initiated.

Wind versus Nonwind Damage

A summary of damage data as a ratio of the total damage
to the wind damage experienced by the walls and roof (build-
ing envelope) in Hurricane Andrew (as a “‘loss magnifier’” M)
is presented in Sparks et al. (1994). Use of M helps to separate
the wind and nonwind losses. However, this is not an exact
separation of the losses to the level of the categories of “build-
ing’’ and “contents’’ because if an interior wall or floor must
be replaced because of rain damage, this is included as a non-
wind loss in the analysis, but is not what is generally consid-
ered a contents loss. However, it might be expected that the
contents loss and the loss to the “interior’” would increase at
a similar rate.

Form of Curve Fits for Damage

To make the analysis here as useful as possible, an appro-
priate wind speed averaging time and height must be selected.
Friedman (1984) used the maximum countywide gust at 10 m.
Other choices include a local 3-s gust at 10 m or a sustained
(60 s) speed at 10 m. All of these speeds depend on the terrain.
Rougher terrain reduces the mean speed but makes the wind
more gusty, whereas smoother terrain does just the opposite.
Until more data are available for buildings in various expo-
sures, the use of the local 3-s gust speed at 10 m elevation
seems most reasonable for correlation with damage, and that
is used in the present analysis.

However, the most straightforward wind speed to use is that
at the gradient height (subscript g). This is the wind speed that
occurs at a height sufficiently great that it is not affected by
local terrain conditions. This speed can be considered approx-
imately that which the “hurricane hunter’’ planes measure and
also that is generally calculated by computer models. This
speed can be “brought down’’ to the 10-m elevation at any
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