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SUMMARY

The purpose of this report is to describe the nuclear blast loading
and response of some rail transport equipment which might be typical of
that in a mobile rail ballistic missile system. The response of the rail
vehicles are determined for several levels of blast "hardening" and the

results are presented in terms of critical overpressures.
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I, INTRODUCTION

In reviewing the ballistic missile land transport systems analyzed in
a former memorandum® it is evident that the rail system on standard 56 1/2
inch tracks offers somewhat greater resistance to overturning than the

highway transport systen,

'
i
?

In addition to the possibility of greater blast resistances the rail
isystem will accomodate longer and heavier missiles than the highway systemf

In addition to the possibility of achieving greater blast hardness in
the rail system it offers other important advantages: namely, greater
missile length and greater gross weight possibilities.

The flexibility in the allowable gross welght of the rail system allows
us to design a still harder system by employing: high density vehicles,
outriggers, and outriggers with tip spades driven into the ground in order

to resist the effect of the blast-induced winds,

1Elswick, W. R., The Response of Hypothetical Missile Transport Equip~-
ment to Nuclear Blast, The RAND Corporation, Research Memorandum RM-2270,

October .
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II. ASSUMPTIONS AND DAMAGE CRITERIA

It is assumed that the vehicles are designed to withstand the crushing
effect of the static overpressure and the thermal radiation from the bomb.

It is assumed that the train is clamped to its rails at shock arrival
and that failure of the vehicles occurs in a direction normal or transverse
to the tracks.

The first mode of failure is that of overturning as was analyzed in
reference 1,

The second possible mode of failure is that of transverse sliding.
That is, the train, rails, and ties are driven or blown from their ballast
in a transverse direction. This mode of failure requires that the train
be restrained from overturning by outriggers or similar devices.

The third level of hardness can be gained by attaching spades, which
may be driven into the ground, to the ends of the outriggers. The spades
tend to resist the transverse sliding motion.

A fourth level of hardness might be achieved by sheltering the train
from the dynamic pressure (wind) effects. Such a shelter might be an earth
cut allowing the train to stand beneath the surface of the terrain, or a

tunnel through a hill or mountain.
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III, WEAPONS EFFECTS AND TARGET RESPONSE

The level of hardness one might readily achieve in designing a rail
transport missile system is determined primarily by the dynamic pressure
accompanying and following the shock front. The static overpressure con-
tributes, of course, to the overturning and sliding modes of failure but
to a2 limited extent. The primary target response one might expect from
the overpressure effect is that of crushing of the shells or cocoons

surrounding missile and personnel.

Static Overpressure

In order to establish a static overpressure level let us consider that
the missile is in a long cylinder of 100 inches diameter rolled of one inch
mild steel plate, Further, the failure must occur by hoop buckling or
crushing of the cylinder.

There are several empirical or semi-empirical formulae which allow an

 estimate of the critical overpressure. The first formula labeled buckling

pressure was reportedz’ 3 as

Where E = Young's Modulus
30,000,000 psi
P, "1 375 t = thickness = 1 inch
T - 0.5 (§-) D = diameter = 100 inches
<] o L"= length of cylinder
= 1,000 inches

2.6 £ (&) /2

= 78 psi

2Pittsburgh-DesMoines Steel Co., "The Effects of Atomic Bomb Blasts on
Elevated Tanks and Standpipes," U.S. A.E.C., Wash,-182, May 195).

3 Princeton University, Department of Physics, "The Diffraction of Shock
Waves Around Obstacles and the Transient Loading of Structures," Technical
Report II-3, 16 March 1950,
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The following applicable formulae were obtained from an engineering handbook.h
Stewart Pipe Formila for lap-welded pipes

P_ = 50,210,000( &

D
= 50,2 psi
Love Formula
2E ,t \3
P = =5 (%) Where p = Poisson's Ratio
¢ a1q F; = 4295 for steel
¥ 66 psi

Therefore, a 100 inch diameter shell of one inch plate can be expected
to withstand a steady crushing pressure of at least 50 psi.

Assuming the computed crushing pressure, Pc’ corresponds to the reflected,
pressuré* from the shock front we may proceed to compute the static over-
pressure from the expression.S

7P°+hAP

Pc = 2AP Po ey

where P, is the ambient pressure, 1l.7 psi at sea level, and AP is the

static overpressure. Solution of the above for Pc = 50 psi
AP =18 psi
for P = 60 psi
AP = 20 psi
Therefore, such a tank or missile cocoon would safely withstand around

20 psi static overpressure and would weigh about 100,000 pounds empty.

“Marks, L.S., Mechanical Engineers' Handbook, 5th ed., McGraw-Hill Book
Company, Inc., New York,

5Brode, H, L., Reflection Factors for Normally Reflected Shocks in Air,
The RAND Corporation, Research Memorandum RM-2211, IE July 1958, :

#*

This is probably a very conservative assumption as the fundamental

period of the pipe is long compared with the shock diffraction time of
about one millisecond.
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Thermal Radiation

Thermal radiation at the 20 psi static overpressure line for large
weapons in the megaton range would not seriously harm steel railroad equip-
ment even though first or second degree burns would result to any exposed
perscmne]..‘S Almost any protection from the direct line-of-sight exposure
would protect personnel, Several seconds would elapse before shock arrival
at the 20 psi location, possibly allowing time for "button-up" in order to

- withstand the blast effects.,

Nuclear Radiation

At the static overpressures levels of interest, 20 psi and lower, the
prompt, direct radiation effects from large yield (greater than 1 MT)
weapons is of no concern due to atmospheric atterma.tictu.6

Radiation fallout from enemy attack could be a serious problem; however,
the mobile-rail weapon system would presumably have performed its function
and the equipment could be abandoned allowing operations personnel to seek

shelter.

Dynamic Pressure

The static overpressure contributes to failure by crushing and to some

extent by physical translation or rotation of the entire train, However,
the static overpressure contribution to translation or overturning is of
short duration corresponding to a time necessary for the shock front to
traverse the width of the railroad car,

The predominant weapon effect is that due to the dynamic pressure
exerting drag forces on the wehicles.

bGlasstone, Samuel (ed.), The Effects of Muclear Weapons, U.S. Goverrment
Printing Office, June 1957.
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Figure 1 is a plot of dynamic pressure as a function of static over-
pressure, The significance of the figure is the rapid increase in the
dynamic pressure with increasing overpressure in the region of higher
overpressures,

Table I is a tabulation of some elements which might go into the make-
up of a missile train, The Vulnerability of these elements will be con-
sidered in the three levels of hardness:

(1) overturning of vehicle o

(2) sliding of vehicle equipped with outriggers

(3) sliding of vehicles equipped with outriggers and spades

Overtuming
The overturning mode of failure has been fully described in reference

1. Therefore, only the results of calculations will be presented here.
Table II presents the results of computations for overturning of the rail

elements of Table I in terms of static overpressure.

Failure by Sliding (With Outriggers)

At some dynamic pressure the train, complete with rails and ties , if
constrained from overturning, will be blown from the ballast. A force
balance between the dynamic pressure forces and the frictional retaining

forces may be written as

qC dA =W vhere C a" drag coefficient
Q" = dynamic pressure
A = drag area of wehicle
f = coefficient of friction
between ties and ballast
W = gross weight of vehicle
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TABIE I

PROPERTIES OF SOME HYPOTHETICAL VEHICLES

Vehicle
Steam Locomotive
Diesel Locomotive
Passenger Car
Box Car
Tank Car Full

Heavy Gondola Car
Weaponized

Length X Height

L £t X 15 £t

6L £t X 13.8 £t
LS £t X 13,5 ft
L2 £t X 1.5 ft
Lo £t X 13.5 ft
85 £t X 12.5 ft

Drag Area
660 £12

760 £t
500 ft
525 %
500 ft
850 ft

Gross Weight
412,400 1bs

320,000 1lbs
165,000 1bs
169,000 1bs
120,000 1bs
320,000 1bs
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TABLE IT
STATIC OVERPRESSURES FOR OVERTURNING

Steam Locomotive AP = 6 psi
Diesel Locomotive 5
Passenger Car L.6
Box Car L.5
Tank Car L.9
Heavy Gondola Car Weaponized L.7

Note that the train elements can be expected to
roll over at distances corresponding to
overpressures of L,5 to 6 psi.
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If we estimate the drag coefficient! of 1.5 and a coefficient of fric-
tion equal to 0.7 we may compute the vulnerability of the vehicles of Table
I in the transverse sliding mode of failure.

Table III presents the results of such calculations in terms of both

the dynamic pressure and the static overpressure.

An Example of Outrigger Requirements

It might be of interest to estimate the size and number of beams
which might be required in the form of outriggers in order to restrain a
vehicle from overturning. A4s an example of a vehicle, let us consider
the Diesel locomotive weighing 320,000 pounds and having an aerodynamic
transverse drag area of 760 square feet.

This locomotive has been estimated to fail by overturning at bomb-
vehicle distances corresponding to an overpressure level of 5 psi. Further,
the distance corresponding to failure by transverse sliding from the road-
bed has been estimated to occur at bomb-vehicle distances corresponding to
a static overpressure of 10 psi. The difference in dynamic pressure,
determined from Figure 1, is approximately 1.7 psi.

The net overturning moment to be resisted by the outriggers is

M= AquAR Where Aq = dynamic pressure increment,
P 1.7 psi
Cq = drag coefficient,zl.s
A" = drag area, 760 ft° or 9100 in

R_ = height above the rails to the
center of pressure, 95 inches

e o M=1,7x1,5x 760 x 1L, x 95 = 26,600,000 1b-in

-

7Hoerner, S. F., Aerodynamic Drag, Otterbein Press, Dayton, Chio, 1951,

2
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Let us determine the number of standard I beams of size 245120
necessary to successfully resist the overturning moment. The maximum fibre

stress in a beam may be determined by

8 = %9 Where s = maximum stress psi

¢ = distance from neutral axis to
extreme fibre = 12 in L
I = moment of inertia, 3010 in

. 26,600,000 x 12

s 3010

= 106,200 psi

If we employ high strength steel having allowable tensile and compressive
stresses of 55,000 psi we will need

. 106,200 ,
n —ng-m 2 beams of size 21S120.

and for standard structural steel
106,200

n = m = |, beams
If the beams (outriggers) extend five feet out from the vehicle the
beams would be quite safe from failure from both shear and web buckling,
The beams at 120 pound weight per lineal foot do not appear to subtract
from the allowable rail vehicle payload to a great extent, In fact, it appears
that the entire outrigger system might weigh something less than 15,000 lbs

per rail vehicle even when employing regular structural grades of steel.

Failure by Sliding with Qutriggers and Spades

In principle we may eliminate transverse sliding by anchoring the train
to the earth. This may be accomplished in any of several fashions, One
means which is probably representative of all is the use of spades driven
into the earth at the ends of the booms or outriggers. We must now deter-
mine the necessary spade area required to resist a given value of dynamic

pressure,
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A spade or anchor will offer a minimum resistance to movement in non-
saturated earth of about 2000 pounds per square foot. The resistance in
cemented soils and rock would be greater., However, we will not consider
rock as a suitable medium for driving spades.

Table IV presents the results of calculations of the required incre-

mental spade areas in order to raise the hardness to that corresponding to

a given static overpressure level,
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TABLE III
STATIC QVERPRESSURES FOR SLIDING WITH QUTRIGGERS

Steam Locomotive q = 2.02 psi AP = 9 psi
Diesel Locomotive 2.22 10
Box Car 1.3 7.5
Tank Car 1.5 8
Heavy Gondola 1.22 7.4

Note that the use of outriggers has raised the hardness level
of the rail vehicles to the 7.5 = 10 psi static overpressure
range. We are still a long way from a static overpressure of
20 psi.
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TABLE IV
REQUIRED SPADE AREAS FOR A SPECIFIED OVERPRESSURE

Static Overpressure

Hardness Level 10 psi 15 psi 20 psi 30 psi
Steam Locomotive 15 sq ft 215 sq £t L60 sq £t 1,000 sq ft
Diesel Locomotive 0 " 240 ® 500 ®* 1,150 *®
Passenger Car 90 » 200 " 375 » 8oo »
Box Car 90 ®* 200 " 375 " 800 »
Tank Car 90 * 200 " 375 " 8oo "

Note that these buried spade areas are effective areas. Forces
are high (2000 1b/sq ft), Therefore, it might be necessary
to double the area requirement in order to have the outrigger
booms acting in tension,
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- IV. CONCLUSIONS

It should not be too difficult to design rail equipment to withstand
the crushing effects of static overpressure up to a value of at least 20 psal.

Radiation effects, both thermal and radiological, are not controlling
weapons effects in the design of a mobile rail ballistic missile system.

The dynamic pressure is the weapon effect which must be controlling in
the design of such a system. Most train elements will turn over when
exposed to the shock effects of large yield weapons at distances corresponding
to static overpressures of l.5 to 6 psi. Outriggers help to raise the
vulnerability level of such elements to overpressures of from 7.5 to 10 psi.

Outriggers with spades driven into the earth do not appear particularly
attractive as the required buried spade areas increase very rapidly with

increasing overpressure,
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