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ABSTRACT

The objective of the Department of Energy Natural
Phenomena Hazards Project is to provide guidance and
criteria for design of new facilities and for evaluation of
existing ones subjected to extreme winds, earthquakes, and
floods. This paper describes the treatment of wind and
tornado hazards. Four facility-use categories are defined
which represent increasing levels of risk to personnel or
the environment in the event of a high wind event.
Facilities are assigned to a particular category, depending
on their mission, value, or toxic material content. The
assigned facility-use category determines the design and
evaluation criteria. The criteria are based on
probabilistic hazard assessment. Performance goals are also
specified for each facility-use category. A uniform
approach to design wind loads, based on the ANSI A58.1-1982
standard, allows treatment of high winds and hurricane and
tornado winds in a similar manner. Based on the wind hazard
models, some sites must account for the possibility of
tornadoes while others do not. Atmospheric pressure changes
and missiles must be taken into account when considering
tornadoes. The design and evaluation guidelines are
designed to establish consistent levels of risk for
different natural phenomena hazards and for facilities at
different geographical locations.

INTRODUCTION
The objective of the Department of

Energy Natural Phenomena Hazards Project
is to provide guidance and criteria for
design of new facilities and for
evaluation, modification, or upgrade of
existing facilities such that DOE
facilities are adequately constructed to
safely withstand the effects of
earthquakes, extreme winds, and flooding.
The program has progressed in four
phases: 1) select DOE sites to be
included in the project, 2) develop
hazard probability models, 3) prepare

design and evaluation guidelines, and 4)
produce manuals that describe detailing
practices that lead to desirable
structural behavior. The purpose of this
paper is to describe briefly the
procedures in and the philosophy behind
the wind and tornado guidelines.

The design and evaluation guidelines
[1] define facility-use categories,
facility performance goals, and methods
for evaluating structural response.
Hazard probability levels are established
from which loadings on buildings or
facilities can be determined. Procedures
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are recommended for evaluating facility
response to wind hazard loads and
criteria are specified for assessing
whether the computed structural response
is acceptable.

FACILITY-USE CATEGORIES
Facility-use categories are suggested

for design/evaluation of DOE facilities.
It is the responsibility of DOE
management to assign facilities to these
categories and select acceptable
performance goals. The four facility-use
categories are briefly described in Table
1. General Use and Important or Low
Hazard categories correspond to
facilities whose design or evaluation
would normally be governed by
conventional building codes. Moderate
and High Hazard categories apply to
facilities which deal with significant

amounts of hazardous materials. It is
important for these facilities to
continue to function in the event of
natural phenomena hazards, such that the
hazardous materials can be controlled and
confined.

PERFORMANCE GOALS
Table 2 presents performance goals for

each facility-use category. The
performance goal for General Use
facilities is to prevent collapse which
would endanger persons within the
facility. Repair or replacement costs or
the ability of the facility to continue
to function after a wind event that
significantly exceeds design values is
not considered critical. Performance is
consistent with the goals of conventional
building codes for ordinary buildings.
Important or Low Hazard Facilities are of

TABLE 1. FACILITY-USE CATEGORIES

Facility-Use Category

Qanarat U»a
Fecilrtlee

Important or Low
Hazard Facllitiaa

Moderate Hazard
Facilitiee

High Hazard
Facilitiee

Description

Facilitiee which have a non-mlaaion dependent purpoae, euch aa administration
buildings, cafetariaa, storage, maintenance and repair facilKlee which are plant or
grounds oriented.

Facilitiee which have mission dependent use (e.g., laboratories, production facilitiea,
and computer centers) and emergency handling or hazard recovery facilitiee (e.g.,
hospitals, fire stations).

Facilltlee where confinement of contents Is necessary for public or employee pro-
tection. Examples would be uranium enrichment plants, or other facilitiee involving
the handling or storage of significant quantities of radioactive or toxic materials.

FacilKlee where confinement of contents and public and environment protection are
of paramount importance (e.g., facilitiee handling substantial quantitlee of In-procees
Plutonium or fuel reprocessing facilities). Facilities in thle category represent hazarda
with potential long term and widespread effects.

TABLE 2. PERFORMANCE GOALS FOR EACH FACILITY-USE CATEGORY

Facility Use
Category

General
Use

Important or
Low Hazard

Moderate
Hazard

High
Hazard

Parformanca Qoai
Description

Maintain Occupant Safety

Occupant Safety, Continued Operation
with Minimal Interruption

Occupant Safety, Continued Function,
Hazard Confinement

Occupant Safety, Continued Function, Very
High Confidence of Hazard Confinement

Performance Goal Annual
Probability of Exceedance

10~3 of the onset of major structural damage to the extent
that occupants are endangered

5x10"4 of facility damage to the extent that the facility
cannot perform its function

10*4 of facility damage to the extent that the facility
cannot perform its function

10~s of facility damage to the extent that the facility
cannot perform its function
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greater importance to mission dependence.
They pose a greater danger to on-site
Feraonnel because of operations or
Materials within the facility. The
oerformance goal is to maintain capacity
to function and provide occupant safety
in '•.he event that design wind speeds are
exceeded. The goal is consistent with
design criteria for essential facilities
in conventional building codes.

Moderate Hazard facilities pose a
potential hazard to safety of the general
public and the environment owing to the
presence of radioactive or toxic
materials within the facilities. The
performance goal is to limit damage such
that confinement of hazardous materials
is maintained. Ventilation filtering
must remain functional. Performance
goals are not met by conventional codes
or standards.

Confinement of contents, as well as
public and environment protection, is of
paramount importance for High Hazard

facilities. Safety related functions
require that monitoring and control
equipment must remain operational during
and following a severe wind event that
exceeds design criteria. The performance
goal is to provide a very high confidence
that hazardous materials are confined
during and following a high wind or
tornado event.

WIND/TORNADO HAZARD CURVES
Site specific wind hazard curves were

developed for all DOE sites included in
the project [2]. Straight winds and
tornadoes were considered for each site.
A hurricane hazard assessment was
performed for the Pinellas Plant in
Florida.

Figure 1 shows two typical wind/tornado
hazard curves. The curve for Oak Ridge
National Laboratory (ORNL) is typical of
a site with high tornado risk, whereas
the curve for Standford Linear
Accelerator Center (SLAC) is
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FIGURE 1. STRAIGHT WIND AND TORNADO HAZARD CURVES FOR TWO SITES

Second DOE Natural Phenomena Hazards Mitigation Conference - 1989

14



representative of a site with very low
tornado risk. The probability associated
with the wind-tornado transition point
(see Fig. 1) was used to determine if
design criteria should include effects of
tornadoes or not.

The straight wind hazard curves are
based on annual extreme wind data from
the site or from nearby National Weather
Service Stations. A Type I Fisher-
Tippett extreme value distribution is
fitted to the set of annual extreme
fastest-mile wind speeds. The tornado
hazard assessment is based on records
maintained by the University of Chicago
[3]. The DAPPLE method of hazard
assessment was performed by Dr. Ted
Fujita [4], Tornado intensity is based
on the Fujita-scale [5]. The winds are
interpreted as 2-3 second gusts.

WIND DESIGN CRITERIA FOR DOE SITES
The design criteria judged to meet the

performance goals for each facility-use
category are summarized in Table 3. The
criteria are divided into two parts:
criteria for sites that need not consider
tornadoes and criteria for those that do.

Criteria for Wind
The hazard probability for General Use

and Important or Low Hazard facilities is
set at an annual probability of
exceedance of 2xlO"2 . An importance
factor greater than unity, in effect,
increases the probability for Important
or Low Hazard facilities to lxlO"2. The
importance factor is multiplied times the
wind speed associated with the hazard
probability.

Minimum missile criteria are provided
for Moderate and High Hazard facilities
to account for windborne debri3 that
could be picked up by high wind3 or weak
tornadoes.

Criteria for Tornadoes
Because tornado hazard probability is

low even in regions where tornadoes are
considered common, a relatively low
annual probability of exceedance is
specified. This low value is necessary
to be sure that the criteria fall on the
tornado hazard curve. The same value of
2xlO"5 is specified for both Moderate and
High Hazard facilities. However, an
importance factor of 1.35 for High Hazard

TABLE 3. SUMMARY OF MINIMUM DESIGN CRITERIA

w
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Building Category

Annual Probability
of Exceedance

Importance
Factor*

Mlscile Criteria

Annual Hazard
Probability

of Exceedance

Importance Factor*

APC

MiMlle Criteria

General U«e

2x10-2

1.0

Important or
Low Hazard

2x10-2

1.07

Moderate Hazard

1x10-3

1.0

2x4 timber plank 15 Ib @ 50
mph (horiz.); max. height 30
ft.

2x10-5

I = 1.0

40 psl @ 20 p»f/sec

2x4timber plank 15 lb@ 100
mph (horiz.); max. height
150 tt; 70 mph (vert.)

3 in. dia. ltd. steel pipe, 75
Ib @ 50 mph (horlz.); max.
height 75 ft, 35 mph (vert.)

High Hazard

1x10"*

1.0

2x4 timber plank 15 Ib @ 50
mph (horiz.); max. height 50
ft.

2x10-5

1 = 1.35

125 p»t @ 50 psf/tec

2x4 timber plank 15 Ib @ 150
mph (horlz.), max, height
200 tt; 100 mph (vert.)

3 in. dia. »td. steel pipe, 75
Ib @ 75 mph (horiz.); max.
height 100 tt, 50 mph (vert.)

3,000 Ib automobile @ 25
mph, roll* and tumble*
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facilities increases the wind speed and,
in effect, lowers the exceedance
probability. This approach is possible
because the slopes of the tornado hazard
curves are essentially the same.

Tornado resistant design must account
for atmospheric pressure change and
missiles. The criteria specify both the
total pressure drop and a rate of
pressure change. Values appropriate for
tornado design wind speeds at DOE sites
are specified.

Tornado missiles include a 2x4 in.
timber plank weighing 15 lb, a 3 in. dia
steel pipe weighing 75 lb, and a 3000 lb
automobile (High Hazard only). Both a
maximum effective height above ground and
a horizontal missile speed are specified.
Computer simulation of tornado missile
trajectories confirm that the maximum
horizontal missile speed occurs at the
maximum specified height of the missile.
The vertical and horizontal components of
the missiles are decoupled. The maximum
vertical missile speed occurs upon impact
with the ground. The horizontal and
vertical missile components need not be
combined vectorially.

UNIFORM APPROACH TO DESIGN WIND LOADS
A uniform approach to design for wind

loads has been developed that lets the
designer use essentially the same
procedure regardless of the type of wind
storm being considered. The procedures
of ANSI A58.1-1982 [6] can be applied for
straight winds, hurricanes, and
tornadoes. The additional effects of
atmospheric pressure charge and missiles
must be taken into account for tornadoes.

Use of the uniform approach is possible
for the following reasons: 1) wind
pressure characteristics addressed in
ANSI A58.1 can be measured in the wind
tunnel and on full-scale buildings, and
2) damage observed from extreme winds,
hurricanes, and tornadoes has similar
characteristics. Thus, the wind-
structure interaction, at least to the
extent needed for design purposes, for
all three types of wind storms is
similar.

TORNADO MISSILES
The issue of design criteria for

tornado missiles has been a controversial
one for many years, especially in the
commercial nuclear power industry. The
Nuclear Regulatory Commission (NRC)
requires a spectrum of missiles to be
considered (including planks, pipes,
utility poles, and automobiles) in their
Safety Analysis Reports. While these
missiles and their associated impact
speeds may be consistent with the NRC
criteria (Reg guide 1.76), generic
studies by various contractors suggest
that these missiles are very rare events,
of the order of less than 10"7 probability
per year. The missiles specified in
these guidelines are based on field
observations of missiles in tornado
damage paths and computer simulations of
the missile trajectories.

The missiles specified in the design
and evaluation guidelines (UCRL 15910)
require certain types of construction to
resist their perforations. For example,
the 2x4 timber plank will perforate
residential timber construction, metal
cladding, and unreinforced concrete
masonry. It will not perforate or spall
concrete masonry walls 8 in. thick or
more, if all vertical cells are grouted
and reinforced. It will not perforate or
spall reinforced concrete walls 6 in.
thick or more. The 3 in. diameter steel
pipe perforates unreinforced concrete and
brick veneer walls. Effects on
reinforced concrete masonry walls 8 in.
thick or more have not been tested to
date, although a program is underway to
do this at Texas Tech University.
Previous tests show that the pipe missile
will not perforate or spall a 9 in. thick
reinforced concrete wall [7],

Reasonable estimates of tornado
missile impact can be obtained using the
BRL equation for steel plates and the
Rotz equation or the Modified NDRC
equation for reinforced concrete. Large
tornado missiles such as the automobile
can produce a structural response failure
such as a collapsed column or wall panel.
Methods for these calculations are found
in the literature [8].
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CONCLUSION
The guidelines present a uniform

approach for determining wind loads for
design and evaluation of DOG facilities.
Once the facility-use category is
determined, the criteria are determined
for the DOE site under consideration.
The guidelines provide consistent levels
of safety from one site to another
regardless of geographic location and, to
some extent, between the three natural
hazard phenomena.
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