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INTRODUCTION

|y ey

This report consists of 33 LAMB calculations (Table 1) and a description of 3
the data. It was written to provide overpressure and overpressure impluse-time ¥
histories as well as shock front velocities for various multiburst scenarios.
The Air Force Weapons Laboratory LAMB code was used because of its fast computa-
tion running time and economy.

TABLE 1. MULTIBURST PROBLEM MATRIX

PEAKS
RV/Shelter PRES IMP
Problem Attack veld HOB Spacing (MPa) (MPa-s)
1 33.1012 1/2(a) 3 Mt 0m 1500 m 3.5 2.4
2 33.1122 172(b) 3 Mt om 1500 m 7.6 1.9
3 33.1232 1/72(c) 3 Mt om 1500 m 3.6 2.5
4 33.1142 1/2(d) 3 Mt 0m 1500 m 7.6 1.8
5 33.8001 1/3 3 Mt Om 1000 m 18. 2.8
6 33.8002 1/3 3 Mt 0m 1500 m 4.8 1.3
7 33.8003 1/3 3 Mt om 2000 m 2.0 0.7
8 53.8001 1/3 5 Mt om 1000 m 30. 4.7
9 53.8002 173 5 Mt 0m 1500 m 7.8 2.1 1
10 53.8003 173 5 Mt 0Om 2000 m 3.2 1.2
N 33.8012 1/3(a) 3 Mt Om 1500 m 4.8 1.4
12 53.8012 173(a) 5 Mt om 1500 m 7.8 2.2 ﬂ
13 33.8032 1/3(c) 3 Mt 0m 1500 m 2.3 1.4
14 53.8032 1/73(c) &Mt 0m 1500 m 3.8 2.5 |
15 33.1201 1/3(e) 3 Mt 0 m 1000 m 9.3 4.6
16 33.1202 1/3(e) 3 Mt 0m 1500 m 3.5 2.1
17 33.1203 1/73(e) 3 Mt Om 2000 m 1.7 1.1
18 53.1201 1/3(e) 5 Mt Om 1000 m 15. 8.0
19 53.1202 1/73(e) 5 Mt Om 1500 m 5.6 3.5 |
20 53.1203 1/3(e) 5 Mt g m 2000 m 2.7 2.0 |
21 53.6001 1/4 5 Mt 0 m 1000 m 15. 2.5 f
22 53.6002 1/4 5 Mt 0 m 1500 m 4.1 1.2 ‘
23 53.6003 1/4 5 Mt 0 m 2000 m 1.8 0.66
< 24 33.601 1/4(a) 3 Mt om 1000 m 9.0 1.4
25 33.6012 1/4(a) 3 Mt 0 n 1500 m 2.6 0.68
26 33.6013 1/4(a) 3 Mt om 2000 m 1.1 0.34
27 53.6011 174(a) & Mt om 1000 m 15. 2.2
28 53.6012 1/4(a) 5 Mt om 1500 m 4.1 1.1
29 53.6013 174(a) 5 Mt om 2000 m 1.8 0.64
30 13.1211 2/3 1 Mt om 1000 m 4.8 2.2
31 13.1212 2/3 1 Mt om 1500 m 2.0 1.1
32 13.1213 2/3 1 Mt 2000 m 1.0 0.64
33 13.1012 2/3(a) 1Mt Oom 1500 m 1.4 0.84




AFWL-TR-79-200

APPROACH

A uniform laydown of reentry vehicles (RV) over an evenly distributed system
of targets (shelters) was assumed. The ratio of RV to targets was used to des-
cribe the attack laydown pattern. Thus, attack scenario 1/2 refers to an attack
laydown such that there is one RV attacking each pair of shelters. The suffixes
on the various scenarios (e.g., 1/2 (a)) refer to the different laydown configura-
tions possible. Using this nomenclature, the 12 attack scenarios examined were
1/2(a), 1/2(b), 1/2{(c), 1/2(d), 1/3, 1/3(a), 1/3(c), 1/3(e), 1/4, 1/4(a), 2/3 and
2/3(a) (figures are in Appendix A). Yields of 1, 3 and 5 Mt were used. Spacing
between shelters was 1000, 1500, or 2000 m. Bursts were numbered sequentially
as a function of increasing angle clockwise from 0° (top of page) and were
detonated simultaneously at ground level.

Stations were not colocated with shelters (which tend to fall on symmetry
points) for the following reasons:

1. The LAMB code underpredicts peak overpressure at symmetry points.

2. Perfect symmetry will not occur in MX construction.

3. Zero CEP is highly improbable.

4. Assuming zero CEP, simultaneous detonation and perfect symmetry

are not operationally obtainable environments.

Thus, measuring overpressure-time histories at nonsymmetry points provides more
realistic waveforms for physically plausable attack scenarios. Stations were
placed 100 m from the shelter and 20° off a direct line between the shelter and
the nearest burst (Fig. 1). Three stations were required to define overpressure
and overpressure impulse-time histories for the 1/3 and 1/3(a) scenarios. One
station sufficed for each of the other scenarios.

station
point (Not to Scale)
S
100 m
20°
<+

shelter point nearest
burst

Figure 1. Shelter-station relation.
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Test cases were run to determine the number of bursts to be used in each
calculation. These test cases represent the worst possible attacks (for the
scenarios examined) in terms of the number of bursts reaching the station point
at approximately the same time. The results of the test cases (Fig. 2 through
7) show that restrictions on the number of bursts in a calculation could be made
while preserving the sianificant overpressure-time history at the station point.
A1l bursts which were within four closest burst-to-shelter radii of the shelter
were included in the calculations for the 1/3 and 1/4 scenarios. For economy,
the number of bursts was restricted to 12 for each of the other scenarios.

A1l the calculations were run to detonation time, plus 12 s. All of the
shock waves had passed over each station by this time. The shock front velocities
were computed in the following manner:

A shock velocity function subroutine, VSHCK, was called from
the LAMB code with height of burst, shock radius, height-of-
station point, and yield as input parameters. The analytic
expression used for shock velocity was obtained from the
Rankine-Hugoniot relation:

u=c(1+%1.¢;)1/2
where
U = shock front velocity
= ambient speed of sound

y = ratio of specific heats for air
AP = overpressure

P = ambient pressure

Y = 1.4 was used for this case

The direction of the shock was determined by computing the angle between the
burst and the station in polar coordinates.
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RESULTS

Overpressure and overpressure impulse-time histories are presented in Appendix
B. The number associated with each peak is the burst number. The shock arrival
time (s), shock velocity (m/s), shock direction (°), burst number, and burst range
(m) are presented in tabular form. The attack scenario is presented at each over-
pressure plot where the number corresponds to a burst point and the letter s
depicts a station point (Appendix A). Shock direction is equivalent to the
bearing from the burst. As it passes over the station, the shock is travelling
parallel to the bearing from burst station. Burst range refers to the distance
between the burst and station.
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APPENDIX A

The following 12 figures illustrate the various attack scenarios used in this
multiburst study. Included in these figures are launch points, aim points, calcu-
lational burst points and station points. The various attack scenarios are
described as a ratio of RV to targets. For example, a 1/2 scenario refers to
one RV attacking each pair of targets.
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The following figures are overpressure and overpressure impulse-time histories
of the various attacks described in Appendix A. The burst number associated with
the overpressure peaks corresponds to the attack scenario burst number inset on
each plot. 1In addition, the shock arrival time, shock velocity, shock direction,
burst number and burst range are presented on the overpressure plots.
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