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SUMMARY

DEVELOPMENT OF ANALYTICAL
RELATIONSHIPS AND CRITERIA FOR
BLAST AND FIRE VULNERABILITY OF

FALLOUT SHELTER OCCUPANTS

The objective of this study is the development of improved methods and
criteria for‘estimating blast casualties and for handling nuclear fire
effects in order to determine means of improving survivability and in~-
jury avoidance for shelter occupants. The study produced the following

results:

URBAN FIRE ANALYSIS MODEL

. The urban fire analysis model, FIREFLY, has been developed to provide
an automated method for assessing the potential damage to shelter build-
ings from fires which occur as a result of ignition from the thermal
pulse of a nuclear weapon or fire spreadrfrom nearby buildings. The
model considers a wide range of variables which may be modified as

desired. These include:

o The degree of external shielding from thermal radiation as
a function of physical environment; range from radiating
source; weapon yield and height of burst; floor levels in
building, the area of window openings and degree of window

shading

® Fuel loadings for ignition and fire spread as a function

of occupancy and use
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e Specific building types and the separation distance
of each building from neighboring buildings

® Meteorological conditions.

Extensive application of FIREFLY for analysis of different classes of
urban environment will provide improved data inputs for the OCD DASH
System and could provide the basis for an urban nuclear fire effects

handbook .

BLAST FATALITY FUNCTIONS

Upon the basis of analyses of blast vulnerability of structures includ-
ing interior floors, walls and partitions conducted under subcontract
by E. H., Smith & Co., Inc., a set of blast fatality functions has been
- produced which may be used to determine the survivability of personnel
in shelters in various locations within three principal types of
structures. Table 1 summarizes these blast fatality functions. 1In
addition, the blast fatality functions have been translated into a form
suitable for computer assessment of blast effects by the OCD DASH

System. These VN codes have been reported separately.



A

BLAST FATALITY FUNCTIONS

30—-40% window area

9-12 psi

BUILDING TYPE SHELTER LOCATION
- In basement
Brick, wood In In basement with simple
frame above-grade without ; but well constructed
not more than rooms pr;platre shelter
2 stories 6-8 psi o 1% ;;i ~~15 psi
Exposed rooms Core rooms
Multistory ‘on above-grade floors on above-grade floors In basement
wall bearing (bldg collapse) (bldg collapse) 15-20 psi
~ 7 psi ~ 7 psi
Commercial c '
residential Exposed rooms ore '0%'“5
multistory above grade or corricor In basen!enl
steel frame 8-11 psi above grade 20 psi

.NOTE:

Where a range of psi values is shown, the

lower value is associated with lower

megaton yields while the high value is
associated with lower kiloton yields.
Stated values are approximately at the

507% fatality level,




URBAN ENVIRONMENT CLASSIFICATION SCHEMES

To improve urban fire analysis in detailed assessments of the protection
afforded by shelter systems from the hazards of nuclear attack upon the
United States such as obtained by OCD's DASH System, relatively simple
indices of fire susceptibility are necessary which will, nevertheless,
accurately reflect, statistically at least, the probabilities of ignition
and fire spread. These probabilities are based upon complicated mechan-
isms. To calculate them as is accomplished with the FIREFLY model in-
volves myriad data inputs which are obtainable only with considerable
effort., 1In addition, the data from which to derive fire susceptibility

indices should be easily obtained and maintained for currency.

Two promising approaches for classification of Standard Location (SL's)
were developed. In one approach, four factors relative to housing are
averaged to obtain an index of potential fire susceptibility. For the
total number of houses in an SL, the percent built before a given year,
the percent deteriorating and dilapidated, the percent that are multi-
family and the percent which are less than $10,000 in value are the in-

dicators utilized.

In the second approach, SL's are characterized by both population per
square mile and the percentage of total housing units that are one-unit
structures. 1In applications of this approach, SL'swere found to group
according to their basic class, e.g., single-family residential, multi-
family residential, central business district and livelihood, suburban-
izing, or nonurban. Experience to be gained from future applications of

FIREFLY assessments may indicate the need for further subdivision of
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these urban environment classes.

TRIAL APPLICATION OF IMPROVED METHODS AND CRITERIA

Using the existing shelter system of Peoria, Illinois, as the subject
for comprehensive study, several analyses of the survivability of that
city's projected 1975 population were conducted. These served to demon-
strate the ufban fire analysis model, FIREFLY, and the refined blast
fatality functions. The relative value in terms of survivability of
various alternative systems which might be projected for the subject
shelter system was determined. Thus, the trial applications of
improved methods and criteria served as a pilot demonstration for
future shelter systems vulnerability analyses. Such analyses will be

of great benefit in determining means of improving survivability and

injury avoidance for shelter occupants.

viii


















































































































































































































































































































































































































































































































































































































































































































































































































