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1. INTRODUCTION

1.1 Statement of the Problem

The primary concern in United States civil defense is the
short-term and the long-term survival of the population. At the

present time various population centers are at-risk with respect
to a nuclear weapon attack. At any given time and location the
level of risk is variable and reaches its potentially highest
level during a crisis period.

Current United States thinking, relative to a national civil
defense posture, includes crisis relocation planning (CRP). This
would result in moving a significant fraction of the high risk
urban area population into the surrounding low level of risk areas.

Obviously, not all of the people will or can leave the high
risk urban areas. Many of the currently existing life support
facilities (LSF), i.e., food processing plants, food storage ware-
houses, and medical supply manufacturing plants are located in or
near potentially high risk urban areas. This is also true of
numerous vital industries not immediately or directly related to
life support but whose continued operation at some level of pro-
duction is vital to the viability of the nation. This would in-
clude among others the materials processing and equipment manufac-
turing industries. Therefore certain groups of people will be
required to remain behind to staff and operate designated LSF and
other critical industries. Before CRP can be effectively imple-
mented, two basic questions need to be answered:

1. What level of shelter is required in host (low

level of risk) areas?
2. What level of protection is required in fringe areas
i.e., areas in direct vicinity to high risk areas?

The objective of the study reported was to produce data on
the basis of which question such as 1 and 2 could be answered.
The study was concerned with the development of survivability functions
for people in regions with overpressures 2 psi (13.79 kPa) and less, caused

by megaton range nuclear weapon detonations. Shelters for which people




survivability functions were developed included community centers, individual
homes and special purpose shelters. ALl casualty mechanisms pertinent to low

risk areas were considered.

1.2 Shelters in Host Areas

Regions of low risk that would act as host areas for the dis-
placed population would include all feasible population centers
and adjoining areas able to provide shelter and capable of being
reached by the (assigned) population within a stipulated time
period.

Since shelters against the effects of nuclear weapons (in the
true definition of the term) do not exist, the displaced population
in host areas would need to be housed in all available accommoda-
tions capable of providing some level of protection. This would
include community centers such as town halls, armories, churches,
schools, theaters and shopping centers. Other candidates would
be large office buildings, certain parking garages and basements
of residences. When these sources are exhausted, it will be
necessary to construct expedient shelters and make use of other

resources such as mines, caves and tunnels if such are available

in the vicinity.

Shelter for the displaced (and host) population is imperative.
People need to be protected against the effects of blast, thermal
and fallout radiation, near and in fringe of high risk areas.

They may require protection against postattack fires. In areas
further removed from high risk areas they will require protection
against fallout radiation. In all cases they need to be protected
against the elements which depending on the season of the year may
include snow, rain, local storms, etc.

1.3 Weapon Induced Environment

The surface or near surface detonation of a megaton range
nuclear weapon will produce a variety of direct and indirect ef-
fects which can produce casualties to a resident population. The
nature and intensity of these weapon-generated environments in
and near the fringe of high risk areas must therefore be explicitly




examined and defined. The high risk area boundary is defined here
as the 2 psi (13.79 kPa) overpressure contour. It would appear
desirable to examine the environments at overrressure levels
somewhat in excess of 2 psi (13.79 kPa), as well as below 2 psi
(13.79 kPa), in order to more accurately determine casualty func-
tions and their trends.

The blast overpressure and wind (dynamic pressure) effects
will be significant effects for the production of casualties in
the fringe areas. The 2 psi (13.79 kPa) blast overpressure wave
will have a positive phase duration of 3 to 10 seconds depending
upon the weapon yield and other weapon related factors. The wind
environment will have a peak intensity of approximately 100 fps,
about 70 mph (112.65 km/h) and a positive phase duration which is
slightly greater than that of the overpressure wave. The shock
wave will arrive at the corresponding range approximately 20 to
60 seconds after the time-of-burst, hence some warning time may be
available to, at least, alert individuals. Other weapon effects
will exist at these distant ranges; however, many of them, such
as prompt nuclear radiation, may not be significant.

The free field overpressure and wind environments will pro-
duce or induce a number of secondary environments which have the
potential of producing casualties. These are:

blast overpressures within shelters
wind fields within shelters
dust and debris environmments external of shelters

debris within shelters due to structural failure
and collapse

debris within shelters due to internal wind effects

e window glass debris and the penetration of external
debris into shelters

e others, such as fires, etc.

Proceeding from high overpressure levels downward, i.e., from
high to low level of risk areas, probable damage and casualties
experienced in fringe areas can be described as follows.




In the 5 to 2 psi (34.77 to 13.79 kPa) range, most framed
buildings less than 10 stories in h.ight are expected to remain

standing. Those with weak, nonarching walls will for the most part
have lost them, depositing debris in the buildings and in the street
below. Windows, window frames, interior partitions and doors will
be lost. Most furniture and contents will be displaced by the
blast winds and be spread throughout the building. Some, on the
far side of the building, will be ejected to the street below.

What applies to furnishings also applies to people. There will be
numerous injuries among people located in the upper stories and
some fatalities. Thermal radiation, blast winds and debris (in-
cluding window glass) will be significant casualty mechanisms for
people located in unshielded upper story areas. However, people

in basements are expected to survive relatively uninjured, except
possibly for those near basement entrances.

Most family residences located in such regions will have suf-

fered structural damage ranging from severe damage to collapse.

The debris environment within and in the vicinity of such buildings
is expected to be extremely hazardous during the passage of the
blast wave. Approximately one-half of the occupants in the upper
story spaces will have experienced fatality. The remainder will
have experienced injuries. Those located in basements will mostly

survive, though impact injuries are expected.

In the 2 to 1 psi (13.79 to 6.89 kPa) range, large framed
structures will experience broken windows, doors, and damage to
light interior partitions. Flying debris (glass and other objects)
will produce a hazardous environment for people in the upper stories.
Injuries will be numerous; however, most people are expected to
survive. The environment in the upper stories of residences
should be similar to that in the upper stories of framed buildings,
i.e., a hazardous debris environment will dominate casualties.
Residences are expected to experience moderate to severe damage,
i.e., broken windows, doors, cracked studs, rafters and damage to
roofs. Basements of residences should provide fairly adequate
protection in this region. The debris environment external to
shelters is briefly described.
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Tree branches are more resistant to dynamic pressures in the
winter when defoliated than in the summer. For purposes of relat-
ing various types of damage to overpressure, it may be said that
great numbers of tree branches will be torn off at a range cor-
responding to an overpressure of 2 psi (13.79 kPa) (wind velocity
70 mph (112.65 km/h) and perhaps 30 percent of the trees will be
blown down at 3 psi (20.68 kPa) (wind velocity nearly 100 mph
(160.93 km/h). Fences, telephone poles, street signs, framed car
garages are expected to be severely damaged and thus would produce
a hazardous environmer:it during the passage of a blast wave in the
fringe of high risk areas.

The free field wind environment will generate dust clouds
and otherwise loft and transport debris over significant ranges.
The relatively low intensity of the wind will limit the size of
debris which will be lofted from relatively flat terrain. The
100 fps (30.48 m/sec) velocity associated with the 2 psi (13.79 kPa)
overpressure condition will just loft natural particles such as
stone and gravel (i.e., small debris) which are approximately 1 mm
in diameter. At an overpressure level of 4 psi (27.58 kPa) the
limiting size increases to zbout 1 cm. Other types of debris,
both large and small, will exist due to the rupture cf "soft"
strudtures. The debris can be accelerated to horizontzl velocities
approaching the peak wind velocity depending on the time of free
flight, the injection point, and various characteristics of the
debris such as their weight, shape and size.

The state of utilities in the fringe of high risk areas in

the postevent period is expected to be as summarized in Table 1
(Ref. 4).
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TABLE 1, SUMMARY OF POSTEVENT PERIOD

Overpressure
Region

Utility Damage

1 to 2 psi
(6.89 to
13.79 kPa)

Electricity - Overhead lines disrupted over a wide
area. Minor damage to control equipment. Light
damage to urthoused substations in wooded areas.
Many service lines down.

Gas - Exposed regulators and meters suffer light
damage from debris. Many residential service con-
nections broken. Gasholders suffer light damage.
Power loss commonplace.

Water - Widespread breakage of residential ser-
vices-laboratory equipment and coftening and chlo-
rination equipment suffer light damage from debris.
Power loss ccmmonplace.

Sewerage -~ Widespread but minor damage to service
connections. Pumps stop due to power lcss. Light
damage to filters and chlorination equipment. Power
loss commonplace.

Conmunications - Overhead lines disrupted over wide
areas. Telemetering and control equipment suffer
light damage from light structural debris. Power
loss commonplace.

2 to 5 psi
(13.79 to
34.77 kPa)

Electricity - Virtually all overhead lines and
poles down. Severe damage to substations near
wooded areas ana in buildings. Severe damage to
control panels. Pole mounted transformer down.
Circuit breakers, capacitators, condensers, relays,
etc., in buildings damaged.

Gas - Exposed regulators and meters severely dam-
aged. Widespread damage to regulators, meters and
service connections in buildings. Gasholders de-
stroyed. Moderate to severe damage to control
station.

Water - All residential service connections and many
major building connections damaged. Widespread
debris damage to hydrants. Many storage tanks dam-
aged. Treatnent plants and laboratory equipment
suffer moderate to severe damage.

Sewerage - Widespread damage to service connections.
oderate to severe damage to pumping and treatment
equipment.

Communications - Most overhead lines and poles down.
Communications hardware items in buildings moder-
ate to severe damage from building debris. Some
antennas down.

|
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1.4 Personnel Shelters and People Survivability Functions

To provide a means for estimating the survivability potential
for the population in the fringe of high risk areas and in their
vicinity away from high risk areas, people survivability functions
were developed for several types of shelters. These include the
following.

1. Basement with a Precast/Prestressed Overhead

Floor System
2. Basement of a Wood Framed, Single Family Residence
3. Special Purpose, Basement Shelters

e Concrete Block Shelter

e Lean-to Shelter

e Rigid Frame Shelter

e Reinforced Concrete Block Shelter
4. Special Purpose, Outside Shelters

e Abovegrcund A-Frame Shelter

e Plywood Box Shelter

e Wood Grate Roof Shelter

e Gable Roof Shelter

Each shelter was analyzed when subjected to the prompt effects
of a single, megaton range nuclear weapon exploded near the ground
surface. Since the study dealt with shelters which were either in
basements or were closed and mounded with soil, it was possible to
neglect thermal radiation and prompt nuclear radiation as signifi-
cant casualty mechanisms. Effects considered include diffraction
and drag loading produced by the blast wave on the shelter struc-
ture and dynamic pressure and debris (from the breakup of the
structure) on the shelter occupants.

The degree of protection provided by a shelter is described
here by means of a survivability function. A typical survivabil-
ity function is shown in Figure 1. A casualty function would be
similar except that instead of the probability of survival, P,
the ordinate would be in terms of the probability of casualty,

Pc where Pc= 1.0-PS.




A
1.0
- n
>3
2 |
5
@ |
B I
z l
o
|
E |
£
E 0 E: .
0 (OP)1 (017)2

Free Field Overpressure

Figure 1. People Survivability Function

Obviously, when dealing with blast effects in the range of
overpressures where the ground shock can be neglected, the sur-
vival of people in a shelter is strongly dependent on the survival
of the shelter itself. Thus, prior to any damage to the shelter,
i.e., prior to overpressure (OP)l,see Figure 1, blast effects are
kept to a minimum and the probability of survival of individuals
against the effects of blast is essentially 1.0. When total struc-
tural collapse of the shelter is experienced, the probability of
survival is generally very low. Considering the low likelihood
of rescue and medical aid in the immediate postevent period, the
probability of survivel at the overpressure producing total shelter
collapse, i.e., (OP), shown in Figure 1, is assigned a value of
zero. In the transition range between (OP)l and (OP)Z' casualties
are produced by debris and dynamic pressures when local areas of
the shelter are breached by the blast. The manner in which casual-
ties are estimated against these casualty mechanisms is described
in Reference 5. A brief description of the type of structural anal-
ysis performed here for determining overpressures (OP)l, (OP)Z' etc.

is given next.
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A shelter is a three-dimensional network using some combina-
tion of the following structural components, i.e., beams, columns,
stressed skin panels, reinforced or unreinforced concrete block,
etc. When loaded, the internal force and bending moment distri-
butions in each component are coupled, i.e., statically indeter-
minate. Although it is possible to solve the complete interaction
problem by considering all components in the network simultaneously,
both in space and in time, the extent of effort involved is not
warranted due to uncertainties in the distribution of blast loacd-
ing, the extent cf variation in material properties, the response
of timber when subjected to dynamic loads, etc. Instead, the struc-
tural network is uncoupled by making certain simplifying assump-
tions regarding the restraint conditions at the junction points of
each component. Upon decomposing the system into a series of
smaller systems in the manner described, each component can be
analyzed as a separate unit and the weakest link in the network
determined. For a preliminary analysis, which this study was in-
tended¢ to provide, results obtained in this fashion are sufficiently
accurate.

It is believed that results included in this report allow the
civil defender to estimate the people survivability potential in
and near the fringe of high risk areas when shelters of the type
considered in this study are used to protect the population.

This report is a companion volume to ''Survivability in Crisis
Upgraded Shelters', Contract DCPA0l-7€-C-0321, Work Unit 1619B by
the same author. It deals with the problem of the sheltering
potential for people (key workers) remaining in high risk areas.
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2. PEOPLE SURVIVABILITY ESTIMATES FOR SHELTERS
ON THE FRINGE OF HIGH RISK AREAS

This chapter contains results of analyses that were performed
to determine the protective capabilities of certain categories of
buildings that would be located in the fringe of high risk areas.
Such buildings would act as personnel shelters. They were evalu-
ated both as built and upgraded. The hazard environment is assumed
to be produced by the effects of a single, megaton range nuclear
weapon exploded near the ground surface. Buildings and upgrading
techniques considered in the analyses were selected on the basis
of ground rules discussed in the previous chapter.

2.1 Basement Shelter with a Precast/Prestressed
Overhead Floor System

2.1.1 Building Description - The building considered herein

is one classroom building of a moderate sized secondary school.
Other portions of the school such as the gymnasium, cafeteria,
health services, shop, laboratory and recreational facilities are
housed in neighboring buildings whose sheltering potential is not

being considered. These buildings are therefore not shown.

The classroom building is a one-story structure with a full
basement. It contains approximately 29,000 sq ft (2694.15 sq m)
of floor space. 1Its floor plan and elevation are shown in Figure 2.

The roof and the ground floor consists of precast, prestressed
hollow core deck sections (see Figure 3 and 4). Exterior walls are
of brick and are 9 inches (0.229 m) thick. Longitudinal corridor
walls on the ground floor are also of brick and have a thickness
of 9 inches (0.229 m). Exterior walls and interior corridor walls
are load-bearing. Corridor walls in the basement as well as the
peripheral walls are of reinforced concrete and are 9 inches (0.229 m)
thick. All interior partitions are of 6 inch (0.15 m) concrete
masonry. They are nonload-bearing.

The building has an occupancy under conventional use of approx-
imately 460 people. This includes students, faculty, administra-
tive and maintenance personnel. Typical occupancy would probably
be less.

10
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Figure 4. Detail A from Figure 3
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Structural aspects of this building were designed in accor-
dance with the ACI (318-71) Building Code (Ref. 6) and Building
Code Requirements for Engineered Brick Masonry (Ref. 7). Precast,
prestressed units were selected using procedures recommended in
the Spancrete Design Manual (Ref. 8). The particular precast,
prestressed units give this building a 2-hour fire rating. The
2-hour fire rating was a design requirement.

Mechanical, electrical and communications systems in this
building are those which are normal for a school building with the
given occupancy.

The upper story of this building is not expected to provide
any blast protection for overpressures higher than about 0.5 psi
(3.45 kPa) for megaton range nuclear weapons. Thus the most viable
shelter area in this building is the basement. The sheltering poten-
tial of the basement was evaluated for four conditions: as-built;
as-built plus 1 ft (0.3048 m) of soil cover for fallout protection;
upgraded, without soil cover; and upgraded, with soil cover.

The upgrading involved blocking all openings and placing a
timber bracing (support) system in all basement classroom areas
halfway between the longitudinal corridor walls and the longitudinal
basement walls. The upgrading concept as designed herein is shown
in Figure 5. Corresponding survivability estimates for this shelter
are described in the following section. Analyses on which these
survivability estimates are based, are presented in Section 2.1.3.

2.1.2 People Survivability in Basement Shelter - Estimates of
the protective capabilities of the basement portion of this struc-
ture are summarized in Figure 6. They are based on the effects
of blast resulting from a single, megaton-range nuclear weapon ex-
ploded near the ground surface.

The primary casualty mechanism was found to be debris from
the breakup of the overhead floor system. The mode of failure
was found to be shear of the individual precast, prestressed con-
crete units used in the construction of this building.

In making these estimates it was assumed that people are uni-
formly distributed in all classrocm and corridor areas. Failure

14
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Figure 6. Estimates of People Survivability
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is first produced in the classroom areas. When this occurs, 84
percent of the shelter floor area is affected by debris and there-
fore 84 percent of the occupants are casualties. This then is

followed by the failure of the corridor overhead floor system, re-
sulting in all occupants being casualties.

In the upgraded structure the sequence of failure is the same.
The effect of this upgrading concept is to essentially double the
blast protective capabilities of the basement shelter.

Note that if only the corridor area is used without any up- i
grading of the classrooms or the corridor, the people survivabil- ;
ity function becomes a '"cookie cutter" type and survivability is é
extended to 3.89 psi (26.82 kPa). This can be further improved A
with upgrading.

2.1.3 Analysis of Basement Shelter - The precast/prestressed !
overhead floor system provides the primary protection to the base- :
ment area. With entranceways blocked off and protected, no blast
casualties are expected until the overhead floor system fails and/
or the entranceway closures fail. When the overhead floor fails
(collapses), casualties will be due primarily to debris impact
from the failed overhead floor system. When the entranceway clo-
sures fail, but the floor system remains, casualties will be due

primarily to tumbling impact of individuals produced by dynamic
pressures entering shelter areas. The former effects are expected
to be the more severe.

This section contains calculations on the resistance of the

overhead floor system and entranceway closures against the effects

5 of blast. Estimates of people survivability are made on the basis

: of these results. Four sheltering cases described in Section 2.1.1
are considered.

2.1.3.1 Members and Material Properties: The structural system
consists of unrestrained precast/prestressed, hollow core concrete
units. Those over the classroom areas span 32 ft (9.75 m) and are

10 inches (0.25 m) deep. Those over the corridor area span 10 ft
(3.05 m) and are 8 inches (0.20 m) deep. Construction details
are shown in Figure 3 and Figure 4. |
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Cross section details of the units are illustrated in Figure 7.

Note, although 2-inch ( 0.05 m) concrete topping is indicated in
Figure 7, no topping was used in this building. Some pertinent

properties are given in Table 2.

TABLE 2. MEMBER AND MATERIAL PROPERTIES

10 inch Unit (2-10708) 8 inch Unit (2-8506)

Cross-Sectional Area, A 257 (inch)2 218 (inch)2
Moment of Inmertia, I 2933 (inch)4 1515 (inch)é
Distance from the Center of Gravity
Axis to the Top Fiber, Y 4 .81 inches 4.02 inches
Distance from the Center of Gravity
Axis to the Bottom Fiber, yb 5.19 inches 3.98 inches
Width of Solid Section at the
Center of Unit, b 13.30 inches 17.00 inches
Effective Depth, d 7.78 inches 5.84 inches
Weight of Unit, w 75 psf 64 psf
Compressive Strength of Concrete,
fé 4000 psi 4000 psi
Tensile Strength of Steel, f; 250 ksi 250 ksi
Number of Strands 8 5
2

Strand Cross-Sectional Area 0.108 (inch) 0.058 (inch)
Strand Cover 2 inches 2 inches
Ultimate Bending Moment, M 33.96 k-ft/ft 10.81 k-ft/ft

2 2 3 . ; 4 4
L (inch)” = 645.16mm 1 psi = 6.89 kPa 1 (inch) = 416231mm
1 inch = 25.4mm 1 k-ft/ft = 4.45 kN-m/m 1 psf = 47.88 Pa

‘Prestress was taken as 65 percent of ultimate, or 0.65 fé = 162.5
ksi (1120.40 MPa). This resulted in an initial prestress force,

Ty ® 140.4 kips (624,53 kN) for the 10 inch (0.25 m) unit and

Fi = 56.55 kips (251.55 kN) for the 8 inch (0.20 m) unit. Pre-
stress loss from all causes was taken at 20 percent. The final
prestress forces in the 10 inch (0.25 m) and the 8 inch (0.20 m)
units were 112.32 kips (499.62 kN) and 45.24 kips (201.24 kN)
respectively. Based on information contained in Reference 9 under
dynamic loading the strength of concrete and steel increases on the
average by 25 percent. This value was therefore used in subsequent
analyses.
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Figure 7.

(b) 8 inch unit (2-8506) 1 inch = 25.4 mm

Although this illustration shows 2 inches of topping concrete,
no topping concrete was used in the construction of this building.

Precast Prestressed Concrete Units (SPANCRETE)
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2.1.3.2 Analysis of As-Built Structure:

Load Carrying Capacity of 32 ft Span (No Soil Cover)
Load Carrying Capacity Based on Flexure

The ultimate bending moment of the 2-10708 precast, prestressed
unit when increased to account for strain-rate effects under dynam-

ic loading is
B = 1.25(33.96) = 42.45 kip-ft/ft of width

The corresponding, static uniform load is

8M
. u _ 8(42.45)
w_ = = = 331.64 psf
8 gl o Syt
dead load (d.1.) = 75. psf
W (net) = 256.64 psf = 1.78 psi

Wy (net) is the static, uniform live load carrying capacity of
the unit.

For megaton range blast loadings with peak overpressures less
than 10 psi, the positive phase duration (td) is greater than 1.6
sec. For the structural member being analyzed, the fundamental
With this, td/T > 8.21 and

For loads

period (T) is approximately 0.195
tm/T ~ 0.49, where th is the time

sec.
to maximum response.

of long duration in comparison to
that the load variation up to the
ligible, the following expression

Py = Wp(1-1/21)

the fundamental period and such
time of maximum response is neg-
is applicable (Ref. 10)

(1)

peak dynamic flexural overpressure capacity (step pulse

static resistance of the member (bilinear resistance

= ductility ratio, i.e., ratio of maximum to

where p_ =
e loading) of the member
w=
s function)
vo= v Sy
BT yield deflections
Since we

sistance

are dealing with a prestressed member, the ultimate re-
cannot be much beyond the yield point because high strength

prestressing steel does not exhibit a pronounced plastic range.
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Collapse is expected soon after the ultimate bending moment is

reached. A ductility ratio of p = 1.3 is therefore assumed.

Py = W (1-1/2u) = 1.78 (1- ) = 1.10 psi

Load Carrying Capacity Based on Shear

Ultimate shear stress for a prestressed member is governed,
according to ACI 318-71, by equation 11-10, or 11-11 and 11-12.
Equation 11-10 was chosen as sufficiently adequate for the prob-
lem at hand. This equation is given as

] Vud
v, = 0.67\/£. + 700 - (2)

and such that
2+ /¢ s Fer u
et Ve = \/fc’ ﬂ_u—f-l (3
where

V. is the nominal permissible shear stress carried by concrete
v, and M, are the applied design shear force and design load
moment at the cross section in question,

d is the effective depth of the member

For a uniformly loaded, simply supported beam Vu and Mu can be
expressed as follows, where w is the uniform load.

v, &x)

]

‘Z’ (2-2x%)
(4)

M (x) = 7= (4-%)

Substituting these in equation (2) and increasing fé by 25 percent
to account for strain-rate effects under dynamic loading, the

following expression for v, is obtained.

vy = 0.67/1.25(£2) + 700 § 220 (5)

This equation is plotted in Figure 8 subject to restrictions stip-
ulated by equation (3).
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