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‘ BOTTOM REFLECTION OF UNDERWATER
EXPLOSION SHOCK WAVES, COMPUTER PROGRAM

by

James R, Britt
Hans G. Snay

ABSTRACT: This report describes a FORTRAN IV computer code, BOTREF,
which calculates the bottom reflection pressure history of under-
water explosion shock waves, The reflection is computed for incident
exponential pulses and plane, homogeneous, elastic bottoms using a
linear spherical wave theory. Corrections for the non-linear
variations of the peak pressure and time constant with distance

are included., The program generates a plot tape for use on CALCOMP
incremental plotters. Provisions are made for incorporation of the
machine program that calculates the peak translational wvelocity

of a ship target described in NOLTR 71-65. For comparison, an
option is included for calculating the bottom reflection using the
plane wave theory instead of that for spherical waves,

Explosions Research Department
Naval Ordnance Laboratory
White Oak, Silver Spring, Maryland
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BOTTOM REFLECTION OF UNDERWATER EXPLOSION SHOCK WAVES, COMPUTER
PROGRAM

Tris report is part of a continuing study of the interaction of
the underwater explcsion shock wave with the ocean bottom. The
computer program described in this paper calculates the bottom
reflection and generates plots of the pressure history. Tr2 cal-
culations of this program are being used in the bottom reflection
study to assess the potential danger to ships delivering nuclear
underwater weapons posed by various bottom materials,

Thanks are due Dr., A. H. Van Tuyl (NOL, Code 331) for his help
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and Reflection Effects).
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BOTTOM REFLECTION OF UNDERWATER
EXPLOSION SHOCK WAVES, COMPUTER PROGRAM
l. INTRODUCTION

i The bottom reflection of the underwater explosion shock wave
is of interest to the Navy because of the danger it presents for
self-damage to ships delivering nuclear ASW weapons. The thecry
presently being used to describe the reflection is a linear spherical
wave theory originally developed by L. Cagniard (1) for the calculation
of the reflection at an interface hetween two elastic solids, On
the basis of Cagniard‘s theory, Rosenbaum (2) derived equations
which describe the bottom reflection of underwater explosion shock
waves, PBritt (3) has greatly extended and generalized Rosenbaum's
work. Britt's report should be consulted when using the computer
program described here,

This report describes a computer program, BOTREF, written in
FORTRAN IV for the NOL CDC 6400 computer. The code ca. _ualates the
pressure history of the bottom reflection of incident exponential
pulses reflected from plane, homogeneous, elastic bottoms using
the spherical wave theory. Major portions of this program were

- written by the second author. The first author later brought this
program into its present versatile form and used it successfully

in practical applications,
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The program has options for calculating the spherical wave
reflection in two ways: (1) using real arithmetic and equations
derived using contour integration (referred to as the Cagniard-
Rosenbaum method) and (2) using the "complex arithmetic method”.

The first method is generally faster, but both usually take less

than 30 seconds of central processor time on the CDC 6400 for
calculating a complete pressure history. Also included in the program
is an option for calculating the bottom reflection using the

plane wave theory of Arons and Yennie (4). For both the plane wave
and the spherical wave, the calculations include corrections for the
non-linear changes of the shock wave peak pressure and time constant
with the distance from the charge.

The code generates a CALCOMP plot tape of the total pressure
history including the incident, bottom reflected, and acoustic
surface reflected waves, The print out, in addition to the pressure
history, includes information such as the incident angle, the plane
wave reflection coefficient and phase shift, critical angles, arrival
times, impulses, and energy flux, |

The output of the bottom reflection program can be directly
transferred to the PTV Program (NOLTR 71-65) which is then used
as a subroutine, This program calculates the peak translational
velocity (PTV) of a cylindrical target. This velocity can be used
as an index for damage,

The equations used in the BOTREF code are described in Section 2
and references are made as to the location in the program where
each egquation is used., In Section 3 a detailed description is given

of the program organization, inputs, outputs, and other important

2
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symbols. The appendices contain a complete FORTRAN listing of the
program, sample output, and a CALCOMP plot,

The code contains many comment cards so that most of the inputs
and outputs and much of the organization is explained in the program
listing,

Comments on Terminology. In the acoustic literature reflectors

' are called either solids or fluids, depending on whether they have

a shear-strength or not. We prefer the terms non-rigid or rigid,

because some solids, for instance, sand, have such a low shear

strength that the theory for a non-rigid bottom yields sufficiently

accurate results, in spite of the fact that the material is a solid,

We hope that our terminology will lead to less misunderstandings

than the conventional cne or the previously used term “"liquid bottom",
Rigidity should be understood as the resistance of a body to

a change in shape at constant volume, It is equivalent to shear

strength and is measured either by the Poisson Ratio or, as in this

paper, by the propagation velocity of the shear wave, The shear

velocity is zero for a non-rigid material, Compressibility is the

resistance to a change in volume at constant shape and can be
represented by the propagation velocity of a compression wave, i.e,,
the sound velocity.
The word rigid often has the connotation of a material having
o infinite rigidity. We use it in the sense of a material having a

finite, non~vanishing rigidity.
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2., THEORY USED TO CALCULATE THE BOTTOM REFLECTION

2.1 Theory of the Bottom Reflection of a Spherical Wave

The theory used in the computer program described in this report
has been derived by Roscnbaum (2). Britt (3) has reviewed, explained,
and greatly extended Rosenbaum's work. A semi-linear theory is
used which describes all phenomena of interest with adequate accuracy.
The notation used in this section is essentially that of Britt's
report., The following exceptions are to be noted. We denote the
excess pressure by p instead of P, Britt and Rosenbaum denote the
time by 7; we use t for the time and = for Rosenbaum's reduced
time (compare with Equation(2.2,2)). The program calculates the
step wave response nfp = 1P which corresponds to one reflection
from the bottom, Multiple reflections between the surface and the
bottom are not included. (Multiple reflections are of minor impor-
tance to underwater explosion phenomena that lead to damage processes,
wWhen a strong pressure wave is reflected at the water surface, most
of the wave energy is left near the surface and does not propagate
down into the water because of cavitation and spray formation.)

We denote : P; by P, the bottom reflection slant range 1Ry
by R, the incident or direct wave range by Rso and the surface
reflection range by Rs' We also drop the subscripts n and m except
in Tm and Km (Equation 2.2.18),

The geometry of the bottom reflection is shown in Figure 1,

The water depth is H, The depths of the charge and gauge are d
and dg. The hcorizontal distance between charge and gauge is r.

The incident angle of the bottom reflection is 8. From this figure
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we see that the slant ranges are given by the equations

1/4
Ri = [(d - dq)a + rz] (slant range of incident wave) (2,1.1)
" .3 P 1/2
Rr = dr +r ] (slant range of wave reflected at bottom) (2.1.2)
and
=T a 2 11/3 (slant range of the wave re-
Rs - L(dg +d)” +r ] flected at the water surface), (2.1.3)

where dr =2H - dg d is the depth of the "image" below the gauge,

Further, we have

cos 8

a./R. (2.1.4)

and sin @ r/R_. (2.1.5)

In the water the sound velocity is denoted by <1, and the density
by s . Similarly, the sound velocity in the bottom material is
ca, the shear wave propagation velocity is c,, and the density is
Pa. (Britt denoted the sound velocity and density of a rigid bottom
by ca and p3.)

2,i.1 Critical Angles. For an incident angle 8, which is also
the reflected angle, the refracted or transmitted ray into the

bottom makes an angle 9; (see Figure 1) given by Snell's law

sin 6 = :—_f:- sin Ag. (2.1.6)

The angle 6; is that angle at which the pressure wave enters the
bottom. Similarly, the angle 6, of the shear wave in the bottom is

defined
sin A = a— sin 84 - (2,1,7)
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When c3 > 1 or ¢ > o the angles A; and 6, become 90° at

incident angles ecr and ec g defined by

r
sin ch = ¢ /ca (2.1.8)
sin qcrs= c1/c. (2.1,9)

ecr is called the critical angle of the compression wave, and ecrs

is called the critical angle of the shear wave. Thege angles are

important for calculating and interpreting the bottom reflection

pressure history.

2.1.2 The Incident Pulse, The computer program assumes an

exponential incident pulge pi(t) given by

p;(t) = Pp(R;j exp [-(t - Ri/c:)/G] for t 2 R,/
Pi(t) = 0 for t < Ri/ci, (2.1.10)

where G is the time constant (usually denoted by 2) and Pp = pF(Ri)
is the peak pressure of the incident shock wave, A reduced notation
is used in the machine program utilizing the incident slant range
Ri (Equation 2,1,1) as the characteristic length. The reduced time is
t = tca /R;. (It is denoted by T in the program). The reduced arrival
time of the front of the direct wave is thus £ = 1, The incident pulse
is then given by

P;(€) = B(R,) exp [-(E -1/ ] for €2 1

pi(E) =0 for t < 1, (2.1.11)
where G = ©1G/R; is the reduces time constant,

7
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For the time constant G and the peak pressure Pp the relations
for the actual underwater explosion srhock waves (high amplitude
waves) are used which when used together with the wave equation
comprise the "semi-linear®™ theory. The shock wave parameters are

obtained from the similitude equations
/3 (1/3 g
G = Cy W/ (W3/R,) (2.1.12)

n
pp = C, 02 /my) P, (2.1,13)

where Co? cp, ne and n, are constants for a given explosive. W is

the charge weight in pounds, or, with appropriate constants, the
yield in kilotons. G and pp are calculated in the main prcgram in

Cards BOTR160-167,

Examples of the constants are

Explosive cp np cG n.
TNT 21600 1.13 0.052 ~0,23
HBX-1 23800 1.15 0.049 -0,29
Nuclear 4,291-10° 1.13 2,242 -0.22

W = ::?1a 4.380-10° 1.13 2.274 -0.22

The values for nuclear explosions of the upper row are the most
recent ones., Those in the lower row are generally quoted in the liter-
ature. The constants cp and Cg are given in psi and milliseconds,

1 2.1.3 The Surface Reflection. The surface reflection p(t)

f calculated from the simple acoustic equation is
% ps(t) = -pF(Rs) exp [-(t - Rs/cl)/Gs] for t 2 Rs/cl
pg(t) =0 for t < Rs/c;,

(2.1.14)

where Gg = G(Rs). In reduced notation this becomes

8
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ps('f?) = ~Pp(R,) exp [—('E - 'is)/Es] for € 2 R

_ i2.1.15)
Ps(€)=0 for £t <R,

where E; = CQ1G /R, and ﬁ; = Ry/R;. These equations are coded in
Cards BOTR218, 704, and 882,

The surface reflection is a tension wave and its pressure is
to be subtracted from the pressure of the incident and the bottom
reflectad wave,

Equations (2,1.14 and 15) ignore cavitation which in sea water
does not let pressures drop substantially below the vapor pPressure,
In the machine program this is taken into account by a. test that

makes sure that the total pressure does not fall below zero absolute
(Cards BOTR713 and 884) .,

reflection breaks down and must be replaced by the anomalous surface
reflection described in NOLTR 70-31 , fThe machine program described
here does not include this mode of the surface reflection, This
problem will be treated in another machine program that describes
the shock wave propagation in shallow water,

2,1.4 The convolution Inteqral. The theory of the bottom
reflection yields the reflected wave for an incident step wave,
This step wave response, denoted by Pr(t), is the crucial roint of
the analysis and will be discussed in detajl later. It has the
dimension of (Length)™!, The pressure history of the bottom reflected
wave for an exponential incident wave pf(t) is obtained from the

convolution integral:
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t
pr(t) = pk!‘(Rr) [Pr(t) - 1/Gr f exp[ -(t -z)/GJ Pr(z)d'z]
6
for t 2 &
(2.1.16)
pe(t) =0 for t < 6.

This equation is explained in Appendix D of Britt's report. The

scale factor p% and the time constant G, are given by
pé = RrpF(Rr) (2.1.17)

G, = G(RrL (2.1.18)
where R, is the slant range of the reflected wave, Equation(2.1.2).
The factor Rr of the reduced pressure scale factor p§ stems from the
definition of the reduced step wave response Pr(t) which includes
ﬁ: as a factor.

The reduced form of the convolution integral is readily obtained
by introduction of t = tc;/Ri, ¥, £, and E; = c16_/R, .

The symbol & in Equation (2.1,16) denotes the arrival time of
the bottom reflection.

For subcritical incidence, 8 < 8 __, we have

cr
and the reduced form is

§ = 015/Ri = Rr/Ri . (2.1.20) i
In this case 6 is the arrival timetc of the peak of the reflected .

wave,

; For supercritical incidence, 6 > 8 _ . the precursor of the

r
bottom reflection arrives before t = to namely at

10
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b =x/cs +d_(a™* - o) 1/? (2.1.21)

or in the dimensionless form

i 1/a
6 = rcl/baRi + dr[l - (1 /c2) ] /Ri. (2.1.22)

The convolution integral is calculated in the BOTREF program
Cards BOTR556, 589, 597, 635, 643, and 673 nsing Simpson's rule for
small intervals with three equally spaced points.

For an exponential incident pulse the integral need not be
recalculated from t = & for each time step because of

exp(t + At) = exp(t)exp(At).

The algorithm used to calctUlate the integral in Equation (2,1.16),

which we call FI,is as follows:

Fr(t) = exp(-20t/G)F (¢ = 28¢) +{[ 2 (¢ - 26t exp(-rt/c,)
+ 4R (t - 88) | exp(=rt/G)) + B (8)} at/3 . (2.1.23)

This relation permits a convenient step-by-step quadrature of the
integral using its value for a time 2At earlier. The expression
is readily transformed into a reduced form by the introduction of

t, At, and ar. F. has the dimension time/length.

I
For supercritical incidence Pr(t) has a logarithmic singularity

at t = t. . Since Pr(t) is a rapidly changing function of t near

t., a smaller time increment, At® ~ 4t/8, is used in the code for

the interval (tc-aAt, t +4st) . The code calculates ¢ so that there

are enough points in the bottom reflection pressure-time history

(before and after the time increment change) to execute the impulse

11
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and energy flux integrations. The usual range is 2.1 < o < 6.1,
Because these integrations are performed with Simpson's rule on
equally spaced points, each integration step is completed on an

odd-numbered point.

Further, in the time range tc - 20t' < t < tc + 2At' we

change the integration variable in the convolution integral F; to
= t2 - 22
v ts -2 for z < t
2 o o3 _ 4B
u z tc for z 2 tc.
The step wave response P l:(1;) behaves near the singularity like

lim
t-'tc Pr(t) = C In{( | tc - t] )e

The change of variables v and u transforms the last two factors of

Equation (2.1.16) as follows:

v
Pr(z) dz = - > Pr(z) dv z < tc
u
- = Pr(z) du zzt,.
Then we obtain
2 1/s
lim v lim (& - zl_
zot -z Blz) =-cC 29t — 2 Iln(t-z) =0 z st
(2? - t3 1/
i.%‘gc p(z) = clim ~ 2 In(z-t) = 0 z >t
c

This means the integrands vanish at the singularity of P., and

thus makes numerical integration possible.

12
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Equation (2.1.24) below illustrates the variable change,

‘
tc—ZAt

p.(t) = prf.[Pr(t) - (%i _G[exp[-(t = z)/Gr] P (2) ¢z
v(tc)
- f exp[-(t - z-)/Gr] Pr(Z) ;—’- dv
v (t-24t)
u(tc+2At’)

+ .[ exp(--(t-z)/Gr ]Pr(z)-‘-z‘- du
u(tc) ’

t

+ J/. exp[—(t -z)/cr] P.(2) az }]. (2.1.24)
4
tc+2At
Up to time tc- 24t' and after time tc+ 24t' the integration
variable is z and the algorithm of Equation (2,1.23) is used to

perform the quadrature. Around the singularity Simpson's rule on

equally spaced intervals of v and u, instead of z or time, is used

for the integration,

Using the algorithms described below, FI(t) and pr(t) are

evaluated in two steps before and after the singularity,

When
t-20t' <t = tc, the follwwing variables are used:
t o=t - zat (2.1.25)
i =v(ty) = (tg-ti)‘/’ (2.1.26)
ts = [t2 - (3,/0)2] 1/ (2.1.27)
1/2
ts = [ - (w/2)?) (2.1.28)

13
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te = [€2 - (1/8)7] 1/s (2.1.29)

The fifth time used here is t.. However, Pr(tc) does not appear
in the equations for FI because the transformed integrand vanishes,

The value of FI at t = t3 is obtained from

FI(ta) = FI(t;)exp [-(ta-t;)/cr] 4 {Pr(t;)exp[-(t3~t;)/cr]vx/tx

+ 3P (tz)exp(-(ts-ta) /G 1 /ts + Pr(ta)vi/Zta} vi/12 .
(2.1.39)
This equation is coded in reduced notation in Card BOTR589. For

the next step FI(tc) is calculated using

Fplty) = Frlts)expl-(t ~ts) /6, ]+ P (ts)exp(-(t, ~ts)/G_ly/2ts
+ P (t) exp [-(t~t)/G,) w/te} w/12 o (2.1.3D)

This equation is coied in reduced notation (Card BOTR597) .

Similarly, after the singularity we define the following

variables:

te =t + 2t (2.1.32)
w o= ults) = (88 - €2)1/? (2.1.33)
ta = [t3 + (u1/4)%) 1/a (2.1,34)
ts = [t3 + (uy /2)12 /3 (2.1.35)
te = [t + (34/8)2 2/ (2.1.36)

Here t; is the time of the singularity to but Pr(tc) is not needed

14
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since the transformed integrand vanishes., The value of PI(t.)

is then given by
Pylts) = Pp(tdexpl-(ta-t ) /G, 1+ {P (te)v1axp E-(ta-ts) /G,] /ts
+ P (ts)u /2t w712 . (2.1.37)

This equation is converted to reduced notation and coded in Card
BOTR635., Then the last step using the special integration variables
is

Py(ts) = Pp(ts)expl-(ts~ts) /6] + {p (ts)mexp [Hts-ta) /G, ) /2ts

+ 3P (te)m expl ~(te ~ts) /G, 1 /ts + P_(ts)w /ta}us /12 .
(2.1.38)

This equation in reduced form is coded in Card BOTR643.

2,1.5 The Impulse and Enerqy Flux, The impulse I and energy
flux EF are calculated in the main program Cards BOTR717-766.

These calculations are made only if the spherical wave bcecttom
reflection is used. The impulse in psi-sec is evaluated from the

equation
t

I -/ p(t) dat,

. tO

where p(t) = pi(t) + pi(t) + p'(t) is the total pressure of the
incident, bottom reflected,and surface reflected waves and ts is

the time of the beginning of the pressure pulse p(t).

15
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The energy flux BP in in-psi is found from the equation
t

Ep = { _{'p' pdt} /(2.3066 p:c1)
o

where 2,3066 is a conversion factor necessary for BF to be in units 3

in-psi when p is in psi, time in seconds, ¢, in gm/cn®, and ¢ in -

ft/sec. '
Away from the singularity of pE(t) of t = t. and for sub-

critical bottom reflections the integrals are deteririned using
Simpson's rule on aqually spaced points as a function of time,

Near the singularity the change of integration variables is made
h to v and u as for the convolution integral., This change of
variables is made in Cards BOTR738-755,

Also calculated in the same section of the program is the
*positive impulse” which is simply the impulse of the positive
part of the total pressure p(t). If the full output option is used
(see the input 25 in Section 3.1 and the sample outputs of Appendix

B), the magnitudes reduced impulse I/MF/S. reduced positive impulse,
4 and reducsd energy flux EF/W‘/5 are calculated in Cards BOTR793-797.

2,2 The Cagniard-Rosenbaum Method for Calculating the Step Wave

Response

In this section the Cagniard-Rosenbaum equations are listed,
and forms of these equations similar to the FORTRAN notation are
given, This method is faster than the complex arithmetic method .
which will be discussed in Section 2.3, but it has the disadvantage
that separate equations are required for the precursor and the
main wave and for each type of bottom (determined by the ordering
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However, in the coding we were able to take

advantage of certain common factors and terms and hence reduce the

number of statements that would otherwise be required,

2,2,1 Non-Rigid Bottom Precursors, A fast non-rigid bottom

(cz > @1) for whick 6 > ec

£ has a step wave response at times

6gt< tc expressed by the foliowing equation (Britt (2-1,10)):

p(t)=l-)-(c_'§).f
r Rr

wl(o+w

1272 (1-8in my/2) av

1

1

where o = (o + M)/2 + [(a - M)/Z] sin wy/2,

b = py /p,, Tm . t/er g = (ci‘l-a

2)1/3

[(1-b%) W +0°1%) (wm) */®

(2.2.1)

(2,2,2)

- 21/3
e M = Tmcos 8+ (qq = Tm) sin o,

- - (o3 _ L3y1/3_, _
N = TmCO8 © (cy Tm) gin A, gin 8 = r/Rr, and cos A = dr/Rr.

In the program the integration variable x = my/2 is used.

sét w = c;w, Then after rearranging,

into the form which is coded
2 \/5 b R, n/2 Fx w dx
Ripr(t) = ™R . / a 2 a
r /2 w2 4b? (¢1 202 w?)

where

Fx = (1 - 8in x){[(c;a+w)(c;a-c:M)]/[é+sin X
+ 4(1-cf72) 3510 0 /(c; 0mcy mip/e,

’

We also

Equation (2.2.1) can be put

(2.2.3)

(2.2.4)

= (1 - sin x){[(cos @ +w) P(1))/ [1+ sin x+P(2)]}‘/5.
with cos 0 = 0 = [1 - (C:/ba)']’/h:

2(1)

P{2) = 4(1 - %1 )12 g41n o/p(1),

The variables cos «,

STPAO022, and 23,

= CO8 O = CIM/

P(l), and P(2) are calculated in Cards BOTR238,
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The integrand above is evaluated in FUNCTION ONE. The variable

Fx is coded in Card ONE023, and the value of the integrand is ONE
in Card ONEO55, The factor outside the integral is calculated in
Card STPAO25., The integration for this and all other precursors

is controlled by SUBROUTINE STPWA which uses the Gaussian quadrature
of FUNCTION FGI to evaluate the integral, The value of RiPr(tL
called STPW in Card STPA027, is returned to the main program BOTREF

where the convolution integral is executed.

2.2,2 Rigid Bottom Precursor, Case ¢z > ¢ > ¢ . The precursor

integrands for a rigid bottom are also evaluated in FUNCTION ONE,
For the case c; > ¢ > o (slow shear) the following equation

(Britt (4-1.6)) is used

1
b (t) = Ble=M) &+g)1faa(l-sin M/2) A L (5.2
r 4R _c,* (e-N)2/2 [a% + (B + ©)2]
-1
where
A=wc?/2 -1 + wa)a y (2.2,.6)
1/a
B = wler?=u®) (0°=0*) 2| w+er®-ci? | (2.2.7)
C = bq-‘ (68_w3)1/3/~4' (20208)

In a manner similar to the non-rigid bottom, Equation (2.2,5)

can be rearranged to obtain the program form

© 2\/z'bni "/zrxAxdx 2.2.9)
R.P_(t) = —————= 2.2.9
i'r "Rr ’/”[;;+l x+cx$§] z

-n/2

where w = cjw, cos @ = ¢3o, and

18
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A = 4c1c*A = wll-2(ce /)" (1-w*) 1% (2.2.10)

« = 401G ‘B = 4w(ce /1) (1-w*) [ (cos®a
- ) lea/cr)® (W=1) 41(12/2  (2.2.11)
Cy = 4c;c4*C = b(cos?a - w')‘/'. (2.2.12)

As in the previous case Fx and the factor outside the integqral are

calculated in Carcdis ONE023, and STPAO25. The variables Ax, Bx,

and cx are coded in Cards ONE043, 044, and 050. The value of the

e T

integrand is ONE in Card ONEO51, and as before SUBROUTINE STPWA

controls the integration.

2,2,3 Rigid iottom Precursor,Case c; > ¢4 > ¢3 . The precursor
for c3 > ¢4 > ¢ (fast shear) is based on the following equation
(Britt (4-2.8))

1
p_(t) = blo=M (o+w) '’ ®A(L-sin my/2) dy
¥ 4R_ce* (w2 [ 2% + (B + 0]
1}
. (2.,2,13)
, blo=M (040)}”® (A-B) (1-sin my/2) dv
4R oot (-2 [(a - B)® +c*]
h 2 (c1-cq ) /3o - M
where  §1 =—arcs:|.n[ S = M ] .

(In Britt's paper the magnitude B in the second integral is denoted
by Ba, a precaution unnecessary if the definition Equation (2,2,7)

- is used,) Equation (2,2.13) can then be written in the form used

in the program
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n/2
24/2 b Ri
RiPr(t) = Fx F.

X dx, (2.2.14)

"Ry -1/2

vhere

Fo = (A, -B)/ [(A =-B)? +c?] for o +ci®~c1” < 0 (2.2,15)

X

F = A/ [AL + (B, +C)?] for w'+cr =ci” 2 0.(2.2.16)

The variables Ax' Bx' and cx are defined in Equations (2.2.10),
(2.2.11), and (2.2.12). In the first case the integrand is coded
in card ONEO47 and the second case in Card ONEOS51.

2,2,4 Step Wave Response at t = t.. At the peak of the bottom

reflection at t = t_ = R./c1,the step wave response P.(t,) is
calculated in the main program BOTREF, For supercritical incidence,

?>8 P, = t» where the sign depends on the phase shift ¢

explained in Section 2,5.1. The treatment of this case is discussed

in 8ection 2.1.4. For subcritical incidence, 6 < Ocgs Pp Temains finite
and P, = K/hr where K is the plane wave reflection coefficient of
Section 2.5.1.

2.,2,5 Non-Rigid Bottom Main Wave, Case cg > ¢3. A fast non-

rigid bottom (c3 > c1) has a step wave response at times t > t.

given by the equation (Britt (z-2,.10))

1 1-b
Pr(t) R, 1l+b
(<]
e w(o® - 2 2 '1/"_ . Y1/z
+ Y / [( l-bz) w® +0’3b2]{ [(w—Km) +L] [(w'l'Km) +L] ’dw,

(2.2.17)
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where

b
]

Tmcos ] (2.2.18)

o 2 -3 . 3
L = (Tm - c )sin®9. (2.2.19)
The subscript m has been kept to distinguish it from the reflection
coefficient K,

In the code the integration variable ig w = ciw, and the form

of the equation is similar to that for the precursor:

Q10
(1-b)R,  2bR, / Fy w dw
PR § 4
TrRr
0

RiPr(€) = TR, w2 (cSo® - w) (2.2.20)

where Fx is now

F_= [—alo’ - w 4% [ ofo” = w ,1/3 (2.2.21)
= ch+(w—c1Km)3 cfL + (w+c1Km)

=T cos®a - W ]‘/' - cos®a - w* 1/
Lp(8) +(w-P(7))*® (8) +(w+P(7))*

with cos @ = c30 = [1 - (c;/c.)']‘/'.
The abbreviatias P(7) and P(8) are listed in Cards STPB026 and 27.
The function F, above is calculated in Card ONE032, and the integrand
is ONE in Card ONEO55. The factor outside the integral is evaluated
in Card STPB032. The first term on the right hand side of Equation
(2.2.20) is computed in Card STPB038. The integration for this and
all other main wave responses is controlled by SUBROUTINE STPWB,

The value of RiPr(t) is calculated in Card STPBO47.
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2.2.6 Non-Rigid Bottom Main Wave, Case ¢ > c3. The step wave

response for a slow non-rigid bottom, one with c¢; > c;, is expressed in

the equation (Britt (2-3.14))

5 |
1b_ 2y2 b [ _8(5-i#)*/? (P +0)° +E] /24 (P F) |1/

P8 = § T - 5k \ e
L3 r r J (1-b3)@P+3%b° (#+D)® + E
0
(2.2.22)
where & = (2 - oi?)t/s, (2,2.23)
D = ‘rl’n cos 28 + q1* sin®e, (2.2.24)
E = 4(sin®9 cos®¢e) 1;(19 -c?), (2.2.25)
and F=r - ci®sin®s. (2.2.26)
The form used in the program is_
Ci O
R
i l-b 242 b R
R;P_(t) "% b J[-—if F, Fg ax , (2.2.27)
where X=2C0
Fp = x(c 3 - :?)1/3/[(1-1:,’):8 + b? ¢, ?3*] (2.2.28)

-f‘ - c;-l {&@’ + D)a + ml/ﬂ + (ma —_ﬂ} 1/2 (202029)
B (% +D)® +E )

The integrand is evaluated in FUNCTION TWO Card TWOOl?, F, is coded
in card TWOOl3, and ?B is coded in Cards TWO0l4 and 015, The terms
corresponding to D, B, and F are denoted by P(11), P(12), and P(13)

and are evaluated in Cards STPB029-31.

2.2,7 Rigid Bottom Main Wave, Case c3 > ¢4 > . The rigid

] bottom main wave response for the case c3 > o4 > @ (fast shear)

is expressed in Britt's equations (4-4,3), (4-3.14), and (4-3,15)
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which are as follows:

P lt) = %r *e (2.2.30)
- 1/
+ 2 4 / (o wzaL 2 (A-B){ la 1/; 12 1/2} e
2R <t [(a-B)2+c? ] [(w=k )2+L] /7 [(w+K ) °+L]

b ._A(cP=u?)1/3 1 1 dw
f Z—T‘Rza f [ A’+(B+C).'] { [(,&_lsn)a_’_l‘]l./a- [(w+lgn)’+L]1/3}

Oa
where 0 = (lee™ = o)1) /3 nd
o - N2 { Lauﬂ!/’-a}l/’ r (2.2.31)
R.o a® + €
( o2 o ) e bga , (c:’ k’)a
with r ={ [ —— - gag‘]-——-}{]_‘.[.—_‘
N | p) . 4c: A ;
ce® 2 3 gs s
= k°g3g4] - q1k [4(';- = k%) + 2gsgetk ('53- + 'g-‘-)]
bk
+4%a}

Here, cg, is the propagation velocity of the Stonley wave,

X = 1/c g = (ka - c;’z)l/a' gs = (kz - c;a)I/a' s = (ka - '3)1/2'

st’

Txan - (k® - c1%cos?0), and f = 4‘rf“g1°cos°9.

]
]

The Stonley wave propagation velocity Cgt is calculated in

SUBROUTINE STONL., The equation for c_, used in the program is

st
described in Section 2.4,
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The above equation is coded in the form

R, 2bR, a9
RyP(t) = 2= + R4 + / FF, v . (2.2.32)
T ﬂRr 5

F, and F, have been defined in Equations (2.2.21), (2.2.15), and
(2.2.16) .

The first two terms of Equation (2,2,32) are calculated in
Carde STPB056-71 for all solid bottom main waves, and the result
is stored in the variable TERMl. The integrand is determined in
FUNCTION ONE in Cards ONEO47 and 051 in the same way as for the
precursor. However, the function Fx and the factor in front of the
integral are here calculated in Cards ONE0O32 and STPB032 as they
were for a fast fluid bottom main wave,

2,2,8 Rigid Bottom Main Wave, Case cg > ¢c; > c4. The main

vave response for the rigid bottom case ¢c3 > 1 > ¢4 (slow shear)

is given by the following equation (Britt (4-3,13))

[+
1/
+ 2 Q/Ai:a- uﬁl 3?-{ : Hi l/zb hlﬂ '1"3} dw
2TR_cs A A+ (B+C)® [lw-K )?4L]  [(wix )?+L]"

2R oot (R+C)2 +B° {(F+D)® + E

2 /o3 /i /
zb /(ﬂ’_t.g"‘)‘ ”B{ [(@®+D)2 +E]1 /0 4+ (m"-g_}l .
0

(2.2,33)

where A=w[c?/2 - -3 1, (2.2,34)
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Buo (i +)(® + P2 (0 - 7)/3, (2.2.35)
Cm =2 (o* +3%)1 /0, (2.2.36)
4c,*
The above equation is coded in the form
o Cy Og
R 2bR (%] R
i . 2
R:I.Pr(t" - if + RiA + _T_m“i/-Fka dw *‘(ar ‘Q-/FAFB dX} (2.2.37)

o 0

where x = 4 o, Fy and Fk are defined in Equations (2,2,21), (2.2,15),
and (2.2.16),

EA = (mj—f-oi)l/'ﬂg— = (*i M co"a)l/aﬁx ’ (2.2,38)
a‘[(A7)® + B%] (R, + E)° + B
Fy = ot {Kg’ +D)® +EI*/2 + (v -EL}IA ' (2.2.39)

(® +D)® +E

cos a m 0 = [1 = (¢ /0)% l/t,

A=A =xl (a/cg)®/2-1-2]7,
Ex n °B = x(1 + x’){[cosﬁam’] [(c;/c.)'-l-x’]}’/'.

Ex = %C = b(cy /6, )* (cos®ox + x')*/'/4 R

The firet three terms of Equation (2.2,37) are calculated using the
srme cards as for tihe fast shear case. The integrand of the second
integral iz computed in FUNCTION ONFl. ¥, and ?B are expressed in Cards
ONE1019, 20, and 21, A, B,, and C_ are calculated in Cards ONE1015-17.
The terms corresponding tc¢ D, B, and F are denoted by P(1ll), P(12), and

P(13) and are evaluated in Cards STPB029-31. The value of the integrand
is stored in the variable ONEl in Card ONE1023. The response
STPW = Rxpr(t) is then determined in Cards 8TPB079 and 80.
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2.3 The Complex Arithmetic Method for Calculating the Step Wave

Response

A second option for calculating the step wave response is
provided by the complex arithmetic method, This procedure is based

on the equation (Britt (5-2.12))

2 y2
u # 074
Pr(t) = = / Re{;l—y K-:\l)} dy
1
R, wp = d_t/R
2 . r Ry

whére u = x + iy and for t < t, = Rr/c1
Xx=0
Y = C;l (2.3.2)

-3 /
ys = R [tr - d_(ci®RS - ¢2) }/2],

For times t > tc these variables are

-2 3 _ a —3p3y) 1 /2
X = R, dr(t o] Rr)

yvi =0 (2,3.3)
.
Y = Rr tr.
The reflection coefficient K for a solid bottom is defined
o [ (2u® +cg?)? - 4u°cv-‘,cy.] - boscet

K= - b (20304)
o [ (2u® +c®)® - 4:13020'4] + brycgt

where o, = (7 + w)/2 for i =1, 2, 4.
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For a fluid bottom ¢4 = 0, and the equation for K reduces to
K= (m = br)/(ca + bag). (2.3.5)
K, is the value of K at u = X + iyz. The other variables used above

are as follows:

Y =[ur?® + (t - ao1)?] 1/2 (2.3.6)
wz=-[ci'2 + (>t+iyx)"’]’/2 (2.3.7)
wp = [c;'? + (x + iya)zj 1/3 (203-8)

f(w) = [Rf__wi - 2d_to+ (ta-cfzfﬂ 1/2 +wR_ - d t/R - (2.3.9)

The form of Equation (2.3.1) which is coded is

C Vo "Rr
R,P (t) ={Az + / Re[F.(K-K,)] dz}/(ﬁ-i-) (2.3.10)
1 Y1
where z = Y,
Ay = Imr'< lo [c o =Cy T cose] /[(c 2w % =2c; T_cosf(cy wy)
2 = |_.1 g 4L Cr W2 1 T 1 W 1T "\Cy iy
2. 2_ o:.9a073 (2.3.11)
+ (a1 Tm -~ 8in 9)) +cqwm - 'rmcos e]}],
and
cGi1u uRr
B e =] === 2,3.12
F aon (o Y/Rr) C1 Y ( )

As in the Cagniard-Rosenbaum method, the response STPW = Ripr(t)
is calculated in SUBROUTINE STPWA for the precursor (t < tc) and
in SUBROUTINE STPWB for the main wave (t > tc) using the Gaussian
quadrature of FGI to evaluate the integral. The last factor in
Equation (2,3,10) is calculated in Cards STPA039 and STPB097. The
integrand and A; are coded in FUNCTION SEVEN, Cards SEVNO35 and 045,

The value of A; (t) is obtained from STPWA by a call to SEVEN with
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Z = Cys. The function Ky = K(x+iy;) is evaluated using the same
equations as for K(u) in the integral, namely, RCOE in Cards SEVN022
and 029. In FUNCTION SEVEN the variables brought over by COMMON
statements are calculated in the main program, and members of the P
array are determined in Cards STPA035-38 for the precursor and in
Cards STPB093-96 for the main wave,

2.4 The Stonley Wave Propagation Velocity

The Stonley wave propagation velocity Cq _is defined as the

t
zeroes u = % i/cst = *jX of the denominator of the solid bottom

reflection coefficient expressed in Equation (2.3.4). Thus

u? = =c_2 is the solution of the equation

st
01[(2113 + c‘-a)a I 4“30’30'4:, + bﬂac: = 0' (2.4.1)
where o = (a® + ua)’/b,
Qg = (C;z + ua)l/a:
and v = (e + u’)i/%.

To obtain the form of Equation (2.4.1) which is used in the program,
first note that the square roots o, o», and ¢, are imaginary since
Cat is known to be smaller than ¢, c3, and cs. Next replace u®
by -c_ . multiply through by icycacecy,, and set y; = c2 to obtain
1/2
(1%~ y3 ) {Cz(Yh - 2¢4%)? = 4c,® [(cp? = va) (ce® - ve) J 1/5}

. (2.4.2)
+ beyya?(c3® = ya)t/% = 0.
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This equation is solved for y; in SUBROUTINE STOWL by iteration
using the secant method, The variable y, is denoted by the FORTRAN
symbol ¥2. Then Cg» called CSTON ian the code, is the square root cf

Ya»

2.5 Theory of the Plane Wave Botiom Raflection

In cases where the plane wave bottoum reflection is adequate
for one's needs or when one wishes to compare these results with
the sphericai wave reflection, the plane wave option of the BOTREF

program can be used, The reflection geometry, inciden’ and critical

angles, and the incident pulses are the same as for the spherical
i wiave in Section 2,1: and, unless otherwise noted, the notation is

the same.,

2.5.1 The Plane Wave Reflection Coefficient and Phase Shift.

The plane wave reflection coefficient K and phase shift ¢ for a
non-rigicd bottom are calculated from the following equations. For

subcritical angles of incidence K and ? are

| K= (ay = 1)/(ay + 1) (2.5.1)

3 and ¢ =0

ﬁ where AT = COS 9/[b(51“2°cr - sin2°)‘/2 [ (2.5.2)
At the critical angle "oy these expressions reduce to K =1

and ¢ = 0, At supercritical incidence we have

Ky =1

/ (2.5.3)
and # = 2 arctan[ b(sin®1 = sin"ﬁcr)1 2 /cos ﬂ.
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The above equations are coded in the main program Cards BOTR260-274,
307. The FORTRAN variables CR and E2 denote K and ¢, If K is
complex, then CR = |K| .

For a rigid bottom K and 2 are determined from the equations

below, At subcritical incidence, 8 < 9 < @ . we have

cr crs

K= (AT + BT - 1)/(AT + BT + 1)

c = 0 (.2.5.4)
where

Ap = cos @ (1 - 28i.n3°/sin°°crs]’/[b(sin°°cr-sin°e)‘/"’]
and (2.5.5)

Bp = 4cos esin°9(sin°ecrs -~ gin%0)/

B3 sin‘acrs(sin’ecrs - sin?e)‘/2 1. (2.5.6)

At the critical angle 6 = 0y the equations simplify to K = 1 and

= i i i < e <
¢ 0., For an incident angle in the range ecr ecrs the

reflection coefficient is complex., Its modulus is

/
|K | ={[ A:.A + (B, - 1)3]./ [A;.A + (B + 1)2]}1 . (2.5.7)
and the phase shift is
P = arctan[(l-BT)/ATA] + arctan [(1+BT)/ATA], (2.5.8)

where

App = cos8 e['1-291n29/sin°9cr;]3/'[b(sin’“-sin’ﬂcr)‘/%k2,§,9)

At the critical angle of the shear wave ﬂcrs the eguations reduce to

K| =1
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and ¢ = 2 arctan(l/%TA). (2.5.10)
For angles of incidence ¢ > Oorg W have
K| = 1
| and ¢ = 2 arctai 1/ (A, + Br,)] (2.5.11)
i where Bpp =4 cos® sin®2(sin®n z O gin®e)/

cx

I {b sinte (sin®2 - 8in®9 )1/3] (2.5.12)
crs crs

These equations for the solid bottom reflection coefficient and
phase shift are coded in Cards BOTR280-3C7. As for the fluid bottom,
K and ¢ are denoted by CR and E2; and if K is complex, CR= {Kl\.

2,5.2 The Plane Wave Bottom Reflection Pressure History.

The plane wave bottom reflection pressure history pr(t) is calculated

. from the following equations:

when 8 = ecr'
E p, = 0 for t < tc = Rr/c1
} (2.5.13)
! p, = p?(Rr) K exp[}(t-tc)/br] for t 2 t,

when 6 > 9§
c

?

r

1K\ , .
P, = Pp(R) ‘Fexp(-(t-t ) /5 1B [ (t ~t) /6 Jsin 0 for 6 st < ¢_
(2.5.14)
p, = t » with the sign of ¢ for t =t

P, = pp(R.) IK|exp[-(t-tc)/GJ{cos ¢
- § Bi (-t ) /6, | sin o}

Note that the plane wave theory has been modified to use PF(Rr)

for t > td-(2.5.15)

and Gr = G(Rr) which account for non-linear changes of the shock
wave peak pressure and time constant with distance, Also the arrival
times of the main wave and precursor have been changed to conform

to the spherical wave situation. In the strict plane wave theory
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the precursor begins at t = - ©, and the incident wave and the
reflected peak arrive simultaneously.
The functions E; (x) and Ei(x) are the exponential integrals

defined for x > 0 as

E (x) = / e—"%—fl’-dy (2.5.16)
X

Ei(x) = - /e—’-‘%:ﬂdy = -E; (-x)
-X

X
= /‘*—"gﬂdy. (2.5.17)

The function E; (x) is evaluated using the following approximate

formula (see for example Abramowitz and Stegun (5))

0sx<1
E; (X) ~ @ + a1X + a2x + a3 + a,x* + as® - log(x)
(2,5.18)
ap = =,5772156¢% as = ,05%519968
a = ,99999193 ag = -,00976004 §
az = =,24991055 as = L,00107857 %
x 21 |
|
o+ a8 + @y + azx + a, i
x exp(x) By (%) w~ {2.5.19) ,
¥ o+ b1X3 + b;xa + bax + b
ay = 8,5733287 b = 9,5733223
a2, = 18,059017 by = 25,632956
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aa 8.6347609 by = 21,099€531

ag = 26777373 by

3.9584969

The function Ei(x) is evaluated for x € .5 using the forrula (Reference

(5))
7

n
Ei(x) m Y + log (x) + Z; X (2.5.29)
n= S

where Y = ,57721566.,. is Euler's constant. For x > .5 Ei(x) is

obtained from

X
exp(-x)Eilx) = exp(-x)Bi(1) + [ SXRO=H) gy, (2.5.21)
l

where E i(l) = 1.8951178. The integral is then evaluated using
the Gaussian quadrature of FUNCTION FGI,

The reflected pressure Py = PBOT is calculated in the main
program in Cards BOTR861-879., The exponential integrals E; and Ei
are calculated in the subprograms EXEl and EXEI, and the integrand

of Eguation (2,5.21) is coded in FUNCTION EXPO.
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3. THE BOTTOM REFLECTION COMPUTER CODE

The Bottom Reflection Code has been programmed in FORTRAN IV
for use on the CDC 6400 computer at NOL. The code is made up of
a main program called BOTREF and the following bottom reflection
related subprograms: STONL, STPWA, STPWB, ONE, ONEl, TWO, SEVEN,
EXEl, EXEI, EXPO, FGI, PLOT1l, and SCAL. In addition, the NOL
general purpose plotting program CALCM1l must be included for the
generation of a tape to be plotted on CALCOMP incremental plotters.
For NOL users CALCMl is available on the subroutine library tape.
The control cards which are included in the program listing of
Appendix A contain the statements necessary for using CALCM1l from
the library tape. For programmers outside of NOL information on
the plotting programs may be obtained from the NOL Mathematics
Department (Code 330).

The basic organization of the bottom reflection code is as
follows. The main program BOTREF handles all of the input and output
and calculates the shock wave peak pressure and time constant and
other time independent magnitudes, It performs the time incrementa=-
tion of the pressure-time histories and calculates the convolution
integral, impulse, and energy flux for the spherical wave bottom
reflection.

The spherical wave step wave response Pr(t) is obtained by
calls from BOTREF to STPWA for the precursor and to STPWB for the
main wave. These subroutines in turn set up the integration for
Pr(t) using the Gaussian quadrature in FGI. The various integrands
described in Sections 2,2 and 2,3 are calculated in subprograms

ONE, ONEl, TWO, and SEVEN, The Stonley wave propagation velocity
33
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c for rigid bottoms is computed in SUBEOUTINE STONL on a call

st
from the main program,

The plane wave bottom reflection is also calculated in the main
program, Calls to SUBROUTINES EXEl and EXEI obtain the exponential
integrals E; and Ei which are used to determine the bottom reflection
in Equations (2.5.13), (2.5.14), and (2.5.15).

| SUBROUTINES PLOT1 and SCAL set up the CALCOMP plots of the
pressure-time history. PLOT1 calls SCAL to scale the plot, calls
CALCM]1 for plotting the axes and the pressure-time curves, and then
calls SUBROUTINES SYMBL4 and NUMBR, which are part of the CALCM1
program, to write additional information on the plots.

The Bottom Reflection Program also has an option for calculating
the peak translational velocity (PTV) induced in submerged or floating
targets by the hottom reflected pulse, Either of the spherical or
plane wave reflection theories may be used, The targets are approxi-
mated by an infinitely long cylinder of a specified radius, and the
PTV Program described in Reference (6), is used to calculate the
peak translational velocity. This program uses the additional
subroutines PTV, FV, Fl, XMAX, VITAB, and PTAB. The PTV is calculated
bv calling SUBROUTINE PTV (Cards BOTR813L and 813N,

The cards in the main program which are necessary for PTV
calculations are denoted by card numbers followed by letters A, B,

C, etc. If the bottom reflection program is not to be used for
PTV calculations, these cards and the subroutines of the PTV Program
may be omitted,

In the following paragraphs the most impcrtant FORTRAN symbols
of each subprogram are described, and the locatioris in the program are

given where each symbol is calculated,
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3.1 FORTRAN Svmbols of the Main Program

Program Input

The input data is read in Statements 3 and 4, Cards BOTR041l, 42,
and 89, and in Card BOTR1O0lI using the format 8Fl10.5. These inputs are
explained in comment Cards BOTR011l-39, 72-87, and 101B-101G. The

inputs and their units are as follows:

First Data Card, Statement 3

WCH charge weight W in pounds or KT

CWATER sound velocity ¢; of water in ft/sec

CBOT sound velocity ¢z of the bottom material in ft/sec

CSHEAR a double purpose input expressing the rigidity of the hottom,
If CSHEAR > .5, it is the shear wave propagation velocity
cs of the bottom in ft/sec, If CSHEAR = .5, it is the dimen-
sionless Poisson ratio from which the shear velocity c¢ is
calculated in Card BOTR062. Values of ¢ £ .5 can be neglected.

RHOWAT density p; of water in gm/cn®

RHOBOT density pz of the bottom material in gm/cn®

PRECOE <coefficient cp of the pressure similitude equation in psi.
PRECOE depends on whether W is in pounds or KT.

z5 a control parameter. 25 greater than zero results in a
shorter print out for the spherical wave reflection.

See Appendix B to compare the short and long print out.

Second Data Card, Statement 3

PREEXP exponent n, of the pressure similitude equation

THECOE <coefficient CG of the time constant similitude equatior in

seconds, This variable also depends on the units of W.
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exponent n. of the time constant similitude equation

nunber of points in the pressure-time history for one time
constant G, STEPS = 20, is usually sufficient to obtain

a smooth, detailed pressure history. In many cases,

STEPS = 10. or 5.0 is adequate,

duration of pressure~time history in multiples of the time
constant G. If negative, its absolvte value is the duration
after the arrival of the bottom reflection peak at t = tc.
If positive, it is the duration after the direct wave
arrival, DURAT = -3,0 is generally sufficient for calculating
the significant parts of the bottom reflection,

CALCOMP plot scaling parameter for the Y-axis in psi per
inch of graph, The X-axis is always drawn three inches
above the bottom of the graph. The length of the Y-axis

is nine inches, Thus the maximum pressure plotted is

€6 * X1, and the minimum is -3 * X1, Pressures outside of
this range are plotted at the maximum or minimum, whichever
is applicable,

scaling parameter for the X-axis in microseconds per inch

of graph, If X2 = 0,, SUBROUTINE SCAL calculates an

approoriate value of X2,

SLOPE slope of the bottom from charge to gauge in degrees, If
the slope is not zero, the internal computing geometry is
changed in Cards BOTR170-183, SLOPE must be zero if the
geometry changing options of 22 and THOVAL are used,

Third Data Card, Statement 4

BIGH water depth H at the charge in feet., BIGH is also used as
a control parameter., After completion of each bdtom
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reflection pressure-higtory, the program control returns

to Statement 4 to read a new set of data., If BIGH = 0.,

the pregram stops., If positive, computation continues with

the new geometry. If negative, program control transfers

to Statement 3 where a new set of charge, physical constants,

etc,,are read.

depth d of the charge below the water surfa feet

depth dg of the gauge in feet “'*

horizontal range r between charge and gauge i et

desired ratio between the bottom reflection incident angle

8 and the critical angle Bope The variables D and DGAU

are changed in Cards B0TR137-142 to obtain this ratio,

SMALLR is not changed, If THOVAL s 0 the geometry is not

changed. See Appendix C for a discussion of this option.

parameter which selects the theory. Wwhen Z1 = 0, the

spherical wave Cagniard-Rosenbaum method is used, When

Zzl = 1,0, the Arons-Yennie plane wave theory is used., And

for Z1 = 3.0, the complex arithmetic method is used to

calculate the spherical wave bottom reflection, Cards

BOTR389-4/3 make the theory selection and write out the

appropriate headings,

arrival time difference between the bottom reflection peak

(at t = tc) and the direct wave in microseconds, If Z2 < 0.,

the guometry is not changed., When the geometry is changed,

D and DGAU are varied to obtain the desired arrival time

difference, SMALLR is not changed, and the change in D

is the negative of the change in DGAU so that the incident
38




23

NOLTR 71-110
angle 0 is also unchanged. Tkis geometry change is performed
in Cards BOTR121-127, See Appendix C for a discussion of this

option.
plot control parameter. A CALCOMP plot tape is generated

if 23 = O,

Fourth Data Card (EOTR10lI), For PTV Calculation

RADIUS

cylinder radius in feet., This is the draft or cross-
sectional radius of the target vessel. If RADIUS =< 0.,

the PTV is not calculated.

controls printing in SUBROUTINE PTV. If APRINT < 0.,

the translational velocities calculated in the iteration

for the PTV are printed, An example of this printout is
given in Table B.l following the pressure-time history.

If APRINT 2 0,, the variables TIMEl, PTV1l, and PTV2 described

below are printed from the main program (Card BOTR813N).

Program Output
Appendix B contains examples of the full print out and the

} shorter print out for the spherical wave reflection and a print out

for a plane wave reflection. Most of the variables in the output

are self-explanatory; others which are not so well defined are

described below.

SMALLH
| DEZFRO
D2
COSAL
COSTH

SINTH

height h = H - d of the charge above the bottom
height d - dg between the charge and gauge depths
reduced height dr/Ri from image charge to gauge
0o

cos ©

s8in ©
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TIME
PBOT

FIMP

EFLUX

VMID
PRE
REEID
RFIMP
REFLUX

POSIMP
RPOSIM
TIMEl

PTV1
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increment At of the reduced time t
exp(-4t/G,)
reduced time t
RiPr(t)
RiFI(t)/'Gr
incident pressure Py in psi
time in seconds relative to the direct wave arrival time
bottom reflected pressure P, in psi

surface reflected pressure P, in psi

total pressure p = p; +p.# Py in psi., Negative pressures
are cut off so that P + hydrostatic =z 0.

total impulse I in psi-sec calculated from the equation
t

I-= / p dt, where t  is the minimum of § and 'Ri./cl

%

energy flux E_ in in-psi defined by the equation

F
t

Ep = (/ Ip] p dt )/(2.3066p3¢;)
%%
value of STPW at t - At, RiPr(t - At)
value of STPW a2t t = 2At
RiA
; /3
reduced impulse I/W!
reduced energy flux EF/'W"/3

impulse of the positive part of the total pressure pulse p(t)
reduced positive impulse, POSIMP/W’/a

time in seconds of the PTV, where time is taken to be zero
at the beginning of the bottom reflection

the PTV in ft/sec induced by the bottom reflection in a
submerged target
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target at the surface

Time Independent FORTRAN Symbols

Symbol
B
POISR
CSHEAR
CSTON
SMALLH
RACTU

PH

RS
W13R

REDR
THETA

PACT
TACT
THET

D2ACTU
R2ACTU
CTWO

R2

THETAR

THETR

Definition

b = py/pa

Poisson ratio G = (.5¢3-c2)/(c2-c2)
shear velocity c, calculated from T
Stonley wave velocity Cat
h for zero slope

R,
1

negative of the hydrostatic pressure
at depth dg

reduced surface reflection arrival tine
“p/3/Ri

‘Ei/“p/ﬁ

G

Pp(R;)

characteristic time Ri/c1

G in milliseconds

bottom slope in radians

d

b o

Ry

sin Bcr = C1/Cg

reduced bottom reflection slant rance
Rr/Ri

Gr = G(Rr)

G, in milliseco:.is

41

the PTV in ft/sec induced by the bottom reflection in a

Card Number

BOTRO50
59

62

69

147

151

154
158

162
163

l64
165
166
167
172
187
188
213

215
216




Symbol

PACTC
Rl
THETSR
SINTH
COSTH
D2R2

SINAL
COSAL
SINBE
THE

ANGA

THONE

ALPHA
BETHA
SHD2R2

c2
CBOT2
CSHR2
SINTH2
CBSH

NOLTR 71-110

Definition
n. -1
(R /Ry) ©
N
(Rs/Ri)
Gg
s8in ©
cos 6

c;é/hi for supercritical reflection
c;b/ni for subcritical reflection
81in ecr
cos ecr = Q0
sin ©

cr
incident angle ¢ in degrees
plane wave reflection coefficient K
phase ghift ¢ in radians

phase shift ¢ in degrees

angle of shear wave in bottom in degrees

angle of comprassion wave in bottom in

degreecs
ecr in degrees
ecrs in degrees
reduced arrival time of critically
refracted shear wave
c?
c3®
Ce?
sin®¢
~4ce® /oy
42

Card Number

BOTR217
218
219
221
222
226
228
235
238
243
245
261-304
260-307
308
312,315

319,321
352

363-365
446
447
448
449
450




Symbol
C2SHR2

C4CB
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Definition

2C4a

C1‘b/C2

Spherical Wave Pressure-Time Calculations

S ol

Tl
T2
T3
T4

T2
T3
T4

TS5

Definition
increment st of reduced time
increment At' ~ At/8
original value of At
25t/3
exp(-4t/G )
control parameter for pressure history
R;P_(t - At)

R,P_(€)
R, (t - 24t)
convolution integral Fy

number of subintervals to be used in
the Gaussian quadrature integration
for Pr(t)

vit)/e for t ~ t, - 24aY where at’

is approximately At/8

(V)

t(.75 V)

(.5 V)

t(.25 V)

u(tc+2At')/tc for rt ~ 4t/8
£(.25 U)

t(.5 U)

t(.75 U)

t(v)
43

Card Number
BOTR451
452
463-816
Card Number
BOTR476, 500,652
566,609
478
479,501
431,503
721,804
542-662
520-690
557-691
556=673

196,552-693

573
578
579
580
581
616
623
624
625
626
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Symbol Definition Card Number
PD incident pressure pi(t) BOTR702

PS sur face reflected pressure ps(t) 704
PBOT bottom reflected pressure Pi(t) 707

P total pressure p = p; + P, + Pge Negative

values of p are cut off at p + hydrostatic 2 0. 713

Impulse and Enerqy Flux Calculations 717=-767
Symbol Definition Card Number
Xp maxirum of pressure p and zero BCTR720
PMID pressure p of even numbered time t-it 724
XPMID maximum of PMID and zero 725
PPRE pressure p at odd numbered time t-2At 763
XPPRE maximum of PPRE and zero 764
PEND pressure p(t) at odd numbered time 757
XPEND maximum of PEND and zero 758

Variables Used in the PTV Calculation and in Plotting

Symbol Definition Card Number
XX storage array for time in microseconds
ﬁ for CALCOMP plot., Here time is zero

at the arrival of the direct wave, BOTR800, 889
YY storage array for the total pressure

p for plot 801,890
IPMAX number of plot points stored in XX and

YY arrays 807
QX the array in which the time in seconds is

stored for PTV calculations, This time is
802E,813H,
zero at the beginning of bottom reflection. and 891E
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Definition Card Number

the array in which the bottom reflection
pressure pr(t) is stored for PTV calcula=-
tions, If pr(t) is negative, the value
stored in QY is calculated so that

BOTR802F, 8131
pr(t) + hydrostatic 2 0 and 891F
arrival time of the peak or sinqularity
of the bottom reflection, Time in this
case is measured from the beginning
of the bottom reflection. 813C
signals the approach of the bottom
reflection singularity. The value
TIMER2 - 24t is used, The symbol T3
is used for this variable in SUBROUTINE
PTV, 813D
The earliest time at which the trans-
lational velocity is to be calculated.,
The symbol T4 is used instead of XT4 in
SUBROUTINE PTV, 813E
the largest value of time at which the
translational velocity is to be
calculated, The svmbol T5 is used instead
of XT5 in SUBROUTINE PTV, 813F
cosine of the angle which the bottom
reflection ray makes with the water surface
or a line parallel to the surface if the

gauge position is below the surface 813J
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S ol Definition Card Number
PTS the number of times at which the trans-

lational velocity is calculated in the
initial search for the PTV., In the call

to SUBROUTINE PTV the value PTS = 30,

is used. BOTR813L
Plane Wave Bottom Reflection Variables BOTR819~-905
Symbol Definition Card Number
sw direct wave response pi(t)/pb BOTR852
PRFL bottom reflection response pr(t)/pé 857-877
TBTH (t - tc)/'Gr 863
XE1 exp(-TBTH) E; (~TBTH) 865
XEI exp(~TBTH) Ei( TBTH) 874

3.2 FORTRAN Symbols of SUBROUTINE STONL

Symbol Definition

Y2 vz = cgt

FY Equation (2.4,2) which defines y;
CK increment of y; = yz/1000

CSTON Stonley wave velocity Caot

3.3 FORTRAN Symbols of SUBROUTINE STPWA

Symbol Definition Card Number

TR C1 T STPAOL3
v c (c1? - '|m°)1/3 14

Cagniard-Rosenbaum Method, CONTR = O,
P(9) 0. for precursor 20

XM aM 21
46
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Symbol
P(1)
P(2)
P(5)
FACTOR
STPW
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Definition
c (o - M)
4(c;? - 'ffn)‘/"’sin 0/(c = M)
¢ (o + M)
22 b R /MR
Ri Pr(t)

Complex Arithmetic Method, CONTR = 3,0

P(1)
P(2)
P(3)
P(4)
FACTOR

ANS2

cix =0,
(=21 Tm
a/c=aoan
QY
ﬂRr/ZRi

Az

3.4 FORTRAN Symbols of SUBROUTINE STPWB

Symbol
TR

Definition

',
1'm

Cagniard-Rosenbaum Method, CONTR = O,

P(9)
XK
XL
P(7)
P(8)
P(11)
P(12)
P(13)

FACTOR

1.0 for main wave
c;Km

L

XK

XL

a?D

G *E

c:zF

2bR, /TR .

47

Ccard Number

STPAO022

23

24

25
27,43

35
36
37
38
39
41

Card Number

STPBO14

20
23
24
26
27
29
30
31
32
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T

Symbol
TERM)

SIGM
STPW
XGl
%G3
XG4
XSA
XSF
XNUM
XDEN
RESID
TERM1

S1G2
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Definition card Number

(Ri/Rr)(l - b)/(1 + b) STPB038
GO 42
RiPr(t) 43,47,79,85,100
1% 60
©19s 61
€194 62
c1°a/Ri3 63
a*f/rd 64
numa@rator of T 65
c1® times the denominator of T 66-67
R.4 68-69
Ri(l/Rr + A) 71

o (c® - o2)2/2 78

Complex Arithmetic Method, CONTR = 3,0

P(1)
P(2)
P(3)
P(4)
FACTOR

ANS2

C1X = ¢, cos e(wmf - cfa)l/2 93
<y Tm 94
gy =0 95
Ciye = €17 sin v 96
"R /2R, 97
Az 90

3.5 FORTRAN Svmbols of FUNCTION ONE

Symbol

Precursor Variables

X

N

Definition Card Number
integration variable ONE 008
Cyw 20
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Symbol Definition Card Number
XCc2 12 (0% -~ .?) ONE 021,28
FX F, defined by Eguation (2.2.4) 23

Main Reflection Variables
W integration variable w = qq w 27
FX Fx defined by Equation (2.2.21) 32

Variables for Rigid Bottom Precursors and Main Waves

FRCS ca?(u? + ci® = 12) 41
XA A 43
XB B, 44
XC Cx 50
ONE rigid bottom integrands defined in

Equations (2.,2.9), (2.2.14), and

{2,2,32) and the integrand of the first

integral in Equation (2.2,.37). 47,51
ONE fast non-rigid bottom integrands of
Equations (2,2.3) and (2.2,.21) 55

3.6 FORTRAN Symbols of FUNCTION ONE1l

Symbol Definition Card Number
X integration variable x = ¢ ONE1008
XAB A=A, 15
XBB c,*B= Ex 16
XCB a®c= C, 17
FABE FA defined by Equation (2.2.38) 19
FBR E'B Gefined by Equation (2.2.39) 20,21
ONE1 integrand i‘A}B of the second integral

in Equation (2.2.37) 23
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3.7 FORTRAN Symbols in FUNCTION TWO

Symbol Definition Card Number
X integration variable x = 1w TWO 007
FAB F, defined by Equation (2.2.28) 13
FBB F, defined by Equation (2.2.29) 14,15
TWO integrand in Equation (2.2.27) 17

3.8 FORTRAN Symbols in FUNCTiON SEVEN

Symbol Definition Card Number

z integration variable z = 1y SEVNOO7

v cyu 14

RCOE non-rigid bottom K defined by Equation (2.3.5) 22
rigid bottom K defined by Egquation (2.3.4) 29

F F defined in Equation (2.3.12) 34

SEVEN integrand of Equation (2.3.10) >c

Az defined by Equation (2,.3.11)

RTS K 39
Ul X + iynx 40
U2 Cy 2 Wy = 41
: u3 C1 wy 42
E XB =C T, cos ] 43

3.9 FORTRAN Symbols in SUBROUTINE EXE1

Symbol Definition Card Number
A array a; in Equation (2,5.19) EX£1008
B array bi in Equation (2,5.19) °
c array a, in Equation (Zz,5.13) 10,11
X X 12
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Symbol Definition Card Number
’ ANS exp(x) Ey (x) for x 2 1 EXE1014,15
} exp(x) E; (x) for 0 s x <1 17,18

3,10 FORTRAN Symbols in SUBROUTINE EXEI

Symbol Definition Card Number

Y x EXEXIO006

A array of 1/nn! for n = 2,3,...,7 in

Equation (2,5,.20) ‘ 9

U sum of the series in Equation (2,5,.20) 11

ANS exp(-x)Ei(x) using Equation (2,5.20) 12

ANS1 integral in Equation (2.5.21) evaluated

using the Gaussian quadrature of FUNCTION
FGI 15
ANS exp(-x)Ei(x) using Equation (2,5.21) l6

3,11 FORTRAN Symbols in FUNCTION EXPO

Symbol Definition
| X integration variable y in Equation (2,.5,21)
| P(1) x = (¢t - Rr/c1)/'Gr

EXPO integrand exp(y - x)/y in Equation (2.5.21)

3.12 FORTRAN Symbols in FUNCTION FGI

] ol Definition
1
A lower limit of integration
B uprer limit of integration
|4
¥
{ 51
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Symbol
K

F

P

FGI
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Definition
number of subintervals into which the integration
interval (A,B) is divided. The integral in each
subinterval is evaluated using a 4 point Gaussian
quadrature,
integrand of the integral to be evaluated
array used to transfer parameters to the function F

value of the integral of F between A ané B
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APPENDIX A

FORTRAN IV LISTING OF THE BOTTOM
REFLECTION PROGRAM BOT REF

BDCROTReT6009CMT7000045240031190474BRITT,
ATTACH (ABC ¢NOLBIN)

COPYN (0 +DEF ¢ ABC)

FIN(L)

LOAD (LGO)

REQUEST ¢ TAPE99 L0, (CALCOMP/RING)

OEF.
]

RECORD SEPARATOR =(7-8-9) PUNCH IN COLUMN 1

REWIND (ARC)
CALCM1413+ABC

! RECORD SEPARATOR ={7-8-9) PUNCH IN COLUMN 1

PROGRAM ROTREF (INPUTsOUTPUT ¢ TAPESSINPUT 9 TAPEG&=OUTPUT,TAPESYD) 80TRO01

c B0TRO02

¢ BOTTAM REFLECTION PROGRAM (COC 6400 COMPUTER) BOTRO03

DIME4SION XX(1000)9YY(1000) 80TRO0G

COMMAN /AXY/QX (1000) «QY (1000) BOTRO04A

COMMON B.COSALsCOSTHyR29sSINBE ¢ SINTHeCWATER,CBOT+CSHEARVCSTONJRESID BOTRO0S

COMMON C24CBOT29CSHR24CBSPsC25HR29C4CBSINTH2 BOTR006

ADATF = DATE(O) BOTROO7

1CASF=) 80TR008

P123,1415926 80TR009

C BOTRO10

C READ INPUT DATA (FORMAT <= BF10,5) BOTRO11

C 80TRO}2

c WCHewuaeEXPLOSIVE CHARGE WEIGHT (LBS OR KT) B80OTRO13

c CWATER==SOUNO VELOCITY OF WATER (FT/SEC) 80TRO1 4

- c CBOT====S0UNO VELOCITY OF THE RAOTTOM MATERIAL (FT/SEC) 80TRO1S

: C CSHEAR==1F CSHEAR OT 0,5 IT IS THE SHEAR WAVE PROPAGATION BOTRO16

4 C VELOCITY OF THE BOTTOM (FT/SEC). IF CSHEAR LE 0.Ss IT IS BOTRO17

i C THE DIMENSIONLESS POISSON RaT1O0, BOTRO18

c RHOWAT==DENSITY OF WATER (GM/CC) 80TRO19

C RHOROT=<=DENSITY OF BOTTOM M:TERIAL (GM/CC) 80TR020

C PREFOE==COEFFICIENT OF PRESSURE SIMILITUDF EQUATION (PSI) 80TRO21

c 1G5=e=a==CONTROL PARAMETER, 25 GREATER THAN 26RO RESULTS IN A BOTRO22

c SHORTER PRINT OUT,. BOTRO23

] ¢ PREFXP==EXPONENT OF PRESSURE SIMILITUDE EQUATION B80TRO24

i c THECOE »=COEFFICIENT OF TIME CONSTANT SIVMILITUDE EQUATION (SEC) B80TRO2S

; c THEEXP==EXPONENT OF TIME CONSTANT SIMILITUDE EQUATION B0TRO26

b c STEPSe==NUMRER OF POINTS IN P=T CURVE FOR ONE TIME CONSTANT 80TRO27

g ¢ OURAT===DURATION OF PRESSURE TIME HISTORY IN MULTIPLES OF THE 80TRO28

3 c TIME CONSTANT, (IF NEGATIVEs ITS ABSOLUTE VALUE IS THE BOTR 029

| c OURATION AFTER THE ARRIVAL -OF THE BOTTOM REFLECTION BOTR030

c PEAK, IF POSITIVEs IT IS THE DURATION AFTER THE BOTRO31

C OIRECT WAVE ARRIVAL,) © BOTRO032

(o Xl®e=ae=CALCOMP PLOT SCALING PARAMETER FOR THE y=AXIS (PS! PER 80TR033

c INCH OF GRAPH) BOTRO34

C X2mew==eSCAl ING PARAMETER FOR THE X~AXIS (MICROSECONOS PER BOTR03S

¢ INCH OF GRAPH) BOTRO36

c SLOPE==agLOPE OF BOTTOM FROM CHARGE TO GAUGE (DEGREES) BOTRO37

| c 80TR038

! c ADDITICNAL DATA IS REAND IN STATEMENT & (CARO BOTROB9) BOTR029
A-1
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READ (5¢554)WCHoCWATER¢CBOT9CSHEARIRHOWAT ¢RHOBOT s PRECOE 925
READ (5¢556) PREEXPsTHECOE ¢ THEEXP ¢STEPSsDURAT 4 X1 4X24SLOPE
FORMATS ARE LISTED AT THE END OF THE PPUGRAMy CARDS ROTRGOT=1042

DURAT TN PRINT QUT IS THE DURATION AFTER THE DIRECT aARRIVAL
STORF CRIGINAL DURAT

XDURAT2DURAT
BaRHNAWAT/RHOROT
POISSON RATIND

IF C<HEAW IS 0,5 FT/SEC OR LESS. THE POISSON RATIO PnISR IS SET
EQUAIL TO CSHEAR AND THE SHEAR VELOCITY IS CALCULATED,

IF(CcHEAR,LE.0,) GO TO 39

IF(CSHEARLLEL0,5) GO TO 42
POISe=(0,.5%CRA0T##2aCSHEAR®#2) / (CROT##2.CSHEAR®#2)
Q0 Tn 41

POISca(SHEAR

CSHEARaCROT#SQRT ((0e5=POISR)/(1+=POISR))

G0 Th 41

POISA=0,%

STONI EY ~AVE PROPAGATION VELOCITY

CALL STOwL

THE AECMETRY IS NOW READ IN (FORMAT == 8F10.5)

BlGre=aaWATFR DEPTH AT THE CHARGE (FT)e ALSO USED AS A
CONTROL VARIABLE, SEE CARDS BOTR(G94=97 BELOW

NeveseesNEPTH OF THE CHARGE BELOW THE WATER SURFACE (FT)

DGAij=s==DEPTH OF THE GAUGE (FT)

SMA| LR==HORIZONTAL RANGE BETWEEN CHARGE AND GAUGE (FT)

THOVAL==DESIRED RATIO BETWEEN THE BOTTOM REFLECTION INCIDENT AMp
CRITICAL ANGLESe (IF TAOVAL LE 0.s THE INPUT OGEOMETRY I$

NOT CHANGED,) SEE APPENOIX C OF NOULTR 71=1}0.
Zleaeee=PARAMETER WHICH SELECTS THEORY, (SEE CARDS BOTR391=394)
12=eew==pARKIVAL TIME OF THE MAIN BOTTOM REFLECTION AFTER THE

DIRECT ARRIvVaL (MICROSECONDS), GEOMETRY IS UNCHANGED IF

22 LE 0, SEE APPENDIX c OF NOLTR 7l=l10.

23=a====P 0T CONTROL PARAMETER, A CALCOMP PLOT TAPE IS GENERATED

IF 23 1S ZERD

READ (S5¢5%54)BIGHsDsDGAU+SMALLRs THOVAL ¢21922423
FORMATS ARE LISTED AT THE END OF THME PROGRAMy CARDS ROTR9OT=}042
AFTER COMPLETINN OF EACK CASE PROGRAM CONTROL RETURNS TO

STATFMENT 4, OEPENDING OM BIGHs THE CALCULATIONS ARE CONTINUED aS

FOLLAWS
If B1Gk = 0 PROGRAM STOPS

IF BIGr 1S POSITIVE COMPUTATION CONTINUES USING THE PRESENT INPUT

IF B1G* IS NEGATIVE PRNGRAM TRANSFERS TQ STATEMENT 3 WHERE
ANOTHER SET nf CHARGE, PHYSICAL CONSTANTS, ETC. ARE READ,

IF(BIGr)I100046
STOP
WRITF(69510)ADATE

BOTRO40
BOTROA)
BOTR042
BOTRO43
BOTRO44
BOTRO45
BOTRO4S
80TRO47?
BOTR048
80TR049
BOTROSO
BOTROS]
BOTROK2
BOTRO53
BOTROS4
BOTRO5S
BOTR0S6
BOTROS7
BOTROS8
80TROS9
BOTR0&0
BOTRO6)

BOTRO062
BOTR063
BOTROG4
B80TRO65
BOTRO&G
BOTRO&7
60TRO6B
BOTRG69
B80TRO70
BOTROT)
BOTRGT2
B8OTRO73
BOTRO74
BOTRO75
BOTRO76
BOTRO77?
BOTRO78
BOTRO79
BOTRO80
80TRO81
BQTRO82
BOTROB3
BOTROg4
BOTRO8S
BOTROgS
80TRO87
BOTR088
BOTRO89
80TRO90
BOTRO91
BOTR092
BOTR0OG3
BOTRC94
BOTR09S
BOTRO9®
BOTRO9T
BOTR098
BOTR099
BOTR100
BOTR10l

FORMATS ARE LISTED AT ThHE END OF THE PRCGRAMy CARDS BOTR907=1042 BOTR101A
ADDITICNAL DATA IS READ IN FOR PTV CALCULATION (FORMAT = 8F10,5) BOTR1018

A-2
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c BOTR101C
c RAOTUS==CYLINDER RAOIUS IN FEET, THIS 1S THE ORAFT OR CROSS= BOTR101D
‘ c SECTIONAL RADIUS OF THE TARGET VESSEL. BOTR10}E
! c APRTNT==CONTROLS PRINTING IN SUBROUTINE PTV, THE ITERATIONS TO BOTR101F
! c OBTAIN THE PTv ARE PRINTED OUT IF APRINT JLE. 0, f0TR10;6G
t ¢ BOTR10)H
t READ (S5+554) RADIUSIAPRINT 8OTR101!
f IPTVa0 80TR101J
As0, BOTR]101K
| 1006 WRITF (6+550) ICASE 80TR102
WRITF(69511)RIGH 80TR103
; WRITF(69513)D BOTR104
: WRITF (6,4512)0DGAU 80TR10S
} c FORMATS ARE ! ISTED AT THE END OF THE PROGRAM, CARDS ROTR907~1042 8OTR106
r c CRANGE OF DEPTH OF EXPLOSION AND OF GAUGE FOR GIVEN ARRIVAL 80TR107
; ¢ TIME 22 OF THE BOTTOM REFLECTIAN PEAK AFTER THE DIRECT 8OTR108
c ARRIVAL, THE 80TTOM REFLECTION INCIDENT ANGLE AND SMALLR 80TR109
¢ ARE UNCHANGED, SEE APPENDIX C OF NOLTR 71=110, 80TR110
¢ 8OTR1]1
c GEOMETRY IS UNCHANGED IF 22 1S NEGATIVE OR ZERO. 80TR]1)2
c BOTR113
¢ «D2ACTU= IS THE ORIGINAL TOTAL DISTANCE BETWEEN THE GAGE AND THE BOTR1)4
c IMAGF CHARGE, =R2ACTU= IS THE ORIGINAL TOTAL SLANT DISTANCE FROM 80TR115
¢ THE AAGE TO THE IMAGE CHARGE AND =HG= IS THE NEW VALUE OF THE B80TR116
¢ HEIGHT OF THE GAGE ABOVE THE BOTTOM, NEw VALUES FOR =De AND 80TR117
c =DGAi)= ARE CALCULATED, B80TR118
‘ ¢ 80TR139
i IF(27,LE.04) GO TO 2 80TR120
’ 1 D2ACTUS2,# (B1GH=D) +D=DGAU 80TR121
R2ACTUSSART (SMALLA##24D2ACTU##2) BOTR122
DELR=22#(),E=06) *CHATER 80TR123
C2002aDELRY (2,*R2ACTU=DELR) /D2ACTU##2 B80TR124
HG=0 ,S#02ACTU#(]1,~SART (1,=DR2002)) 80TR125
DGAUzBIGH=HG 80TR126
DaBIGH=D2ACTU+HG 80TR127
WRITF (6,4553) Z2 BOTR128
WRITF (69513)D 80TR129
WRITE (69512)DGAU S50TR130
¢ 89TR131
c CHANGE OF GEOMETRY TO OBTAIN THE DESIRED RATIO 80TR132
¢ BETWEEN INCIDENT AND CRITICAL ANGLE=THOVAL BOTR133
c GEOMETRY IS UNCHANGED IF THOVAL IS LESS THAN OR EQUAL TO ZERO. BOTR136
c SEE APPENOIX C OF NOLTR 71=110. HOTR135
2 IF(THOVAL,.LE.0,) GO TO § 80TR136
7 THaTHOVAL® ASIN(CWATEK/CBOT) 80TR137
02ACTUSSMALLR#COS(TH) /SIN(TH) BOTR138
] 022,9B1GH=DGAU=D2ACTU BOTR;39
] IF (B1GH=N) 84949 B80TR140
1 8D = alGH BOTR141
E i DGAU = RIGH = D2ACTU BOTR142
] 9 WRITF(€4537) B80TR143
4 WRITF (69512)DGAV BOTR1 44
; WRITF (64533)D 80TR145
; c GEOMFTRY BOTR146
& 5 SMALLHaBIGH=D B80TR147
: c S0TR148
i c «RACTU~ 15 THE SLANT DISTANCE RETWEEN CHARGE AND GAGS, BCTR149
; c BOTR150
‘ RACT!II & SQRT({D=DGAU) #82+SMALLR##2) 80TR151
' ¢ BOTR1&2
| c rALCULATE HYDRUSTATIC PRESSURE «PHe BOTR153
PHE=14,72NGAII/33,0=14,7 BOTR1SG
b ¢ BOTR165
A-3
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=RS= IS THE REDUCED ARRIVAL TIME OF ACOUSTIC SURFACE REFLECTION,

RS=SQRT (SMALLR##29¢ (DeDGAU) ##2) /RACTU

EXPONENTIAL PULSE PEAK PRESSURE AND TIME CONSTANT CALCULATED

W13R=WCH®*#(1,/3,)/RACTU

REDR=] ,/W13R
THETA=THECOE® (W13R) ##(1,+THEEXP) *CWATER
PACT=PRECOE® (W]13R)*#*PREEXP
TACT=RACTU/CWATER

THET=THETA®TACT#1000,

IF (SLOPE .EQ, 0.) GO TO 10005

CHANGE OF GEOMETRY FOR SLOPING BOTTOM

A = SLOPE/S7,29578

HG = BIGH=DGAU

Hl = SMALLH®COS(A)

H2 = (HG=SMALLR®*TAN(A))®COS(A)
IF((H24LT4340)0ORe (SMALLR®TAN(A)+GTBIGH)) WRITE(64555)
WRITE (69514) SMALLR

WRITE (6¢574)
SMALLR=SMALLR®COS(A) ¢ (D=DGAU)*SIN(A)
SMALLH = M)

IF (H2 +6GT. Hl}) D=DeH2=H1

DGAU = De¢H1l=H2

BIGH = DeH1

WRITE (69511) BlGH

WRITE (69¢512) DGAU

DEZERO = D=DGAU
D2ACTU=2+*SMALLH*DEZERO

RZACTU=SQRT (D2ACTU®#2+SMALLR®##2)

INITTALIZATIONS

Flao0,
VMIDe0,
PRE=),
1Psl

NPRe
22074,
RESI”'0.0
EFLUvesG,
FIlMPx0,
f0SIwPe0,
17REq=-]
FSGE=O.
XPPRF!ﬁ.
PNIDnﬂ.
XPMIned,
P0=l,
pS={,
PE0CTR),

EaSIn CONSTANTS OF GROUND WAVE

CTYWOxCWATER/GCBGT
R2sR2ACTU/RACTUY

THET ARSTHETA/RA#STEEEXP
THEToxTHET/R2%8THEEXP
PACTrsR2RerREEXP/R2
R1mRG#APREEXP
THETRR=THETA/R)1#oTHEEXP

BOTR156
HOTR1S7
AOTR158
BOTR159
BOTR160
BOTR161
BOTR162
BOTR1613
B0TR164
BOTR165
BOTR166
BOTR167
BOTR168
BOTR169
BOTR170
BOTR17)
B0OTR172
B0TR172
BOTR174
BOTR1 7S
BOTR176
BOTR177
BOTR178
BOTR179
BOTR180
BOTR181
BOTR182
BOTR183
BOTR184
BOTR185
BOTR186
BOTR187
BOTR188
BOTR189
BOTR190
BOTR191
BOTR192
80TR193
BOTR194
B0TR195
BOTR1G6
80TR197
B0TR1g8
BOTR19°
B0TR200
BOTR201
BOTR202
BOTR202
BOTR204
EOTR20S
BOTR206
B80TR207
BOTR208
BOTR209
BOTR210
BOTR211
BOTR2}12
BOTR213
80TR214
BOTR215
BOTR216&
BOTR217
BOTR218
BOTR219
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D2=D2ACTII/RACTU
4 SINTHESMALLR/ (RACTU®R2) gg::%gg
‘ COSTHsD2/R2 BOTR222
COSRMICOSTH/RE BOTR223
JF(CTWO,,BE.SINTH) GO TO 2000 B80TR224
GAMSGQRT(],=CTWO##2) BOTR225
D2R2sRZ# {CTWORSINTH+GAM®COSTH) BOTR226
GO Tn 2005 BOTR227
4 ¢ BOTR229
: c CALCHLATION OF NEW DURATION IF OyRAT IS READ IN NMEGATIVE, BOTR230
3 c (DURAY 1S EXPLAINED IN CARDS 80TR028«32,) BOTR231
2005 IF(XNURAT,LT,0,) OURAT=(R2=1,)/THETA=XDURAT 80TR222
TSTOp=z! ,+DUYRAT#THETA BOTR233
¢ - TR234
: SINAL=CWATER/CROT BOTRISE
i SIN2ALSSINAL#®#2 BOTR236
: IF(SIN2AL=1,)811+8119812 BOTR237
; 811 COSAL=SQRT(1.=SIN2AL) BOTR238
1 60 TO 813 BOTR239
’ 812 COSAL3=0s BOTR240
813 SIN2THaSINTH®##2 BOTR241
IF (CSHEAR) 15915914 BOTR242
14 SINBE=CWATER/CSHEAR BOTR243
SIN2BE=SINBE®##2 BOTR244
4 15 THE=57,2958% ASIN(SINTH) BOTR245
i ¢ BOTR246
ﬁ c BOTR247
3 c CALCULATION OF PLANE WAVE REFLECTION COEFFICIENTs PHASE SHIFT» BOTR248
: c AND ANGLE OF SeWAVE, BOTR249
2 C BOTR250
4 IF (CSHEAR) 3030450 BOTR251
| c BOTR252
7 i C CALCULATION FOR BOTTOM WITH NO GHEAR STRENGTH (NONRIGIOD) BOTR2523
; ! c BOTR254
4 30 IF(S. N2TH=SIN2AL)33932+31) BOTR255
4 c BOTR256
4 | c SUPERCRITICAL REFLECTION (ANGLE OF INCIDENCE GREATER THAN THE BOTR257
i c CRITICAL ANGLE) BOTR258
2 C BOTR259
% i k)1 EsATAN (B#*SQRT (SIN2TH=SIN2AL)/COSTH) BOTR260
. CRs], BOTR261
3 1ICA=] BOTR262
3 G0 10 &8 BOTR263
_ 32 E2=0, BOTR264
1 } CR=1, BOTR265
1 11CAs2 BOTR266
F G0 TO 89 BOTR267
3 c ) BOTRN268
: c SUSCRITICAL REFLECTION (ANGLE OF INCIDENCE LESS THAN THE BOTR269
4 c CRITICAL ANGLE) BOTR270
. c BOTR271
3 33 E2=0, BOTR2T72
: ATSCOSTH/ (SQRT (SIN2AL=SIN2TH) #B) BOTR273
i CRE(ATmle)/(AT¢10) BOYR274
i 11CA=3 BOTR27S
3 GO TO 89 BOTR276
BOTR277
1 BOTR279
S0 CASCOSTH® (1,20 *SIN2TH/SIN2BE) ##2/8 BOTR280

CB24 ,#COSTH#SIN2TH® (SIN2BE=SIN2TH) /B/SIN2BE##2 B0TR2E]
IF (SIN2TH=SIN2AL) 60932451 BOTR282
54 ATAsCA/SQRT(SIN2TH=SIN2AL) BOTR283

: ! c
1 k c CALCULATION FOR BOTTOM WITH SHEAR (RIGID) BOTR278
c
H
i
;
b
!
£
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IF (SINTH=SINBE)52¢55¢57 BOTR284
52 BT=CB/SQRT (SIMN2BE=SIN2TH) BOTR28S
CRE=SQRT((ATA®224(BTel,)®##2) /(ATA®®24 (BTel,)®e2)) BOTR28§
EASATAN((1+.=BT)/ATA) BOTR287
EBSATAN((144BT)/ATA) BOTR288
E2sEAEB BOTR289
1ICA=s BOTR290
60 TO 89 BOTR291
S5 BTAs(, BOTR292
GO 10 58 BOTR293
¢ BOTR294
57 BTA=CB/SQRT (SIN2TH=SIN2BE) BOTR295
S8 ESATAN(1+/(ATABTA)) BOTR296
CRs), BOTR297
IICA=e BOTR298
G0 T0 88 BOTR299
c BOTRI00
60 E=g, BOTRI01
ATSCA/SQRT (SIN2AL=SIN2TH) BOTR302
BTaCB/SQRT (SIN2BE=SIN2TH} BOTR303
CRE(ATeBTml,)/(ATeBTol,) ' BOTR3O04
I11CAsTY BOTRI0S
c BOTR306
R8 E2=2 e BOTR307
89 EE=57,2958#E2 BOTR3pA
IF (CSHEAR,LE,.0,) GO TO 92 BOTR309
90 IF(STINTHeSINBE)91991,492 BOTRI1O
91 GAMMas ASIN(SINTH/SINRE) BOTR3:1
ANGAz57,2956#GAMMA 5 BOTRI12
GO Tn §5 BOTR3)3
c BOTR314
3 92 ANGAx=0, BOTR315
1 ¢ BOTR316
1 c ANGLF OF P=WAVE BOTR317
1 95 IF(SINTHeSINAL)29392934294 BOTR3)8
3 293 THONE=E7,.,2958% ASIN(SINTH/SINAL) BOTRI19
! GO Tn 295 BOTR320
F 294 THONF=me(, BOTR321
1 c 80TR322
] o FORMATS ARE LISTED AT THE END OF THE PROGRAMy CARDS BOTR9Q7=1042 BoTR323
E 295 WRITF (69514)SMALLR BOTR324
1 WRITF (69504)WCH B80TR325
’ wRITF (69505)CWATER BOTR326
WRITF(69506)CBOT BOTR327
WRITr 16,546)CSHEAR A0TR328
WRITF(6¢507)RHOWAT 80TR329
WRITF(£9508)RHGBOT BOTR330
WRiTF(£4515)PRECOE BoTR33}
WRIT= (64503)25 BOTR332
WRITF{6+516) PREEXP BOTR333
WRITF (69517) THECOE BOTR33%
WRITF (64518) THEEXP BOTR3235
WRITF (£4519)STEPRS BOTR336
WRITF (£9509) DURAT BOTR337
WRITF (6¢538) THOVAL 80TR328
WRITF (64584) X1 BOTR339
wRITF (£,4585) Xx2 BOTR340
WRITF (6+4500) SLOPE BOTR341
WRITF(64%86) Z1 BOTR3a2
WRITF(4,587) Z2 20TR343
WRITr (445R0)23 BOTR344
wRITF (84568) RADIUS BOTR346A
WRITF (64569) APRINT BOTR3448
WRITF (£4520) BOTR345
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WRITE (6+521) THE
WRITE (69573)CSTON
WRITE (645453 P0ISR
WRITE (6+547)RS -

IF(1,=SINAL)17416416
ALPHA=S7+2958# ASIN(SINAL)
WRITE (64522) ALPHA

60 TUL 18

WRITE(64541)

IF (CSHEAR) 4944945
IF(1,=SINBE)4T 46,46
BETHA®S7,2958# ASIN(SINBE)
WRITE (6+4542)BETHA

ARRIVAL TIME OF CRITICALLY REFRACTED SHEAR WAVE

IF(STNTH,LTSINBE) .SHD2R2=20+

IF(SINTH.GESINBE ) SHD2R2= (SMALLR#SINBE+02ACTU#SGRT (1e=SIN2BE))
1 /RAFTL

WwRITF (64579) SHD2RZ2

GO Tn 49

WRITF (£45413)

WRITF (€9597) THONE

WRITF (64592)CR

wRITF (€9594) ANGA

WRITF (&959EE

wRITF (€4523)D2R2

WRITF (£9933)1R2

WRITF (64525)RACTU

WRITF (£9502) REDR

WRITF (64526)TACT

WRITFE (69R27)PACT

WRITF (F4R28) THETA

WRITF (44%39)THET

WRITE (6e548) THETAR

WRITF (£9549) THETR

WRITE (£4535)

WRITF (£e55]1)SMALLHIOEZFROsD29COSAL9COSTHLSINTH
WRITF (Fe532)

FORMATS ARE LISTED AT THE END OF THE PROGRAM, CARDS BOTR9OT=10642

SELE~TIOn OF THE THEORY

2120, ROSENRAUM METHOD

Z1=1, PLANE WAVE A®PROXIMATION

212, NOT USED IN THE PRESENT PROGRAM
72123, CNMPLEX ARITHMETIC METHOD
21=A0S(21)

IF(21=1,1800.8014802

TF(21=3,)R03,804,8G5

SPHER]CAL wWAVE CAGNIARD-RCSENBAUYM THEORIES

WRITE (64567)
TIF(CeHEAR) B2 9R209821

NON=oIGID ROTTOM
IF(STNAL=],)R3)98314832

FAST BCTTOM
WRITE (64560)

A-7

BOTR346
BOTRI&T
BOTRI4B
BNTRI4Y
BOTRASO
BOTRZ2S]
B0TR3S2
B0TR3SI
80YR354
BOTR3SS
BOTRISE
BOTRAS?
BOTR3S8
BOTRA59
BOTRIGD
BOTR361
B80TR362
BOTR3IR3
B0TR3es
BOTR3465
B80TR366
BOTR3s7
B0TR3e8
BOTR369
BOTR370
BOTR371
BOTR372
B80TR373
BOTR374
B80TR37S
BOTR276
B0TR377
EOTR378
d0TR3T?9
BOTR3AR0
60TR3R1
BOTR2IRE
BOTR383
BOYR3Aa4
BGTR3IRS
B0TR386
B80TR3A7
BOTR3a8
BOTR3AY
80TR390
80TR391
B0TR3a2
BOTR3 33
B80TR3O4
BOTR395
80VYR396
ROTR3g7
BOTR398
BOTR399
B80TR4n0
B0TR401
BOTR4n2
BO0TR&03
BOTR40%
B80TR405
BOTR4p6
BOTR4NT
BOTR408
BoTR&nO
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GO TO 11 B0TR410

c B0TR411

c SLOwW BOTTOM B0TR412

832 WRITE(64561) B80TR413

GO TO 11 BOTR414

C BOTR4 1S

Cc NO REFLECTION BO0TR4 16

831 WRITE(6+599) BOTR417

GO TO & BOTR4 18

¢ BOTR419

Cc RIGID BOTTOM BOTR420

821 IF(SINBE~1,)841,84]+840 80TR4 2]

o B0TR422

c FAST SHEARWAVE B0TR423

843 WRITE(6+562) BO0TR424

GO T0 11 . B0TR4 25

o BOTR426

c SLOW SHEARWAVE BOTR427

840 WRITE(6,563) BOTR4 28

G0 70 11 BOTR429

c B0TR430

C PLANE wAVE APPROXIMATION B80TR431

801 WRITE(64565) B0TR4 3?2

GO TO 998 BOTR433

c B0TR4 34

c Z1 3 2. 1S NOT NEEDED FOR THE PRESENT PROGRAM BOTR435

c B0OTR436

AN3 WRITF (£4599) B0TR437

GO Tn & B0TR438

o B0TRé 39

c BOTR440

c COMP| Ex ARITHMETIC METHOD B80TR441

c B0TR442

8084 WR.TK (4,566) B0TR&43

C BOTR444

Cc CONSTAATS FOR SUBRCUTINE SEVEN COTR445

C2aCLATER®S BOTR446

CBOT>aCRANTE®?2 BOTR447

CSHR2aCSHEAR®®2 BOTR448

SINTHZ2aSINTHE®2 BOTR449

CHSHz=4 ,#CSHEAR®®3/CBOT B0TR450

C25HR222 , #CSHEAR®®2 80TR4S]

CalCBsC2002/CBOTHR B80TR4S2

GO Tr 11 B0TR453

c BOTR4s4

c Z124, IS NOT NEEDED FOR PRESENT PROGRAM BOTR45S

805 WRITF(€,4599) B0TR456

GO Tn 4 BOTRéST

c BOTR458

i C D.Dl.'..DD....D.QQQ'.QQ.Q.QQ.Q......Q.Q.Q.QQQQ....Q..QQQ.'DQQQQQOQQQ BOTR459
; (o BOTR460
4 o BOTRé4s]
' c BOTR462
c SPHERICAL WAVE CAGNIARD~RCSENRAUM PRESSURE=TIME CALCULATIONS B80TR4g3

1 c BOTR4s4
i c B0TR465
' c BOTR466
g v PHASFS AuD TIME STEPS B0TR&g7
3 o B0TR448
g 11 IF(02R2=02)11,20,20 BOTR469
c BOTR470

o ANGLF CF INCIDENCE GREATER THAN CRITICAL BOTR471

10 M8 (R2=[232)#STEPS/THEYA/Z4, B0TR&72
IF((N2R2=]40)46Tc0e) M3 (R2=1,0)*STEPS/THETA/4, 80TR473

] A-8
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Mz4eMeb BOTR4T4

c CALCULATE DTs INCREMENT OF REDUCED TIME T BOTR47S

12 DT=(R2=-D2R2)/FLOAT (M) /2, BOTR4TE

IF ( (D2R2=10) o6To00s) DTE(R2=1,0)/FLOAT (M) /2, BOTR4T?

DT1=DT ROTR4TE
DTACT=2.%DT#TACT/ 3. BOTR4TS

DST=DT/3. BOTR460

EOT=EXP (=DT/THETAR) BOTR481

WRITE (69536)DT4+EDT BOTR4R2Z

WRITE (69532) BOTR4BI

c FORMATS ARE LISTED AT TRE END OF THE PROGRAM, CARDS ROTRGO07=1042 BOTR4pé&

c -75= IS THE PRINTOUT CONTROL PARAMET:R. IF =25= GREATER THAN BOTR48RS

c 2ERO A SHORTER PRINTOUT HRESULTSy IF -ZS- EQUALS 7ERO THE NORMALsy  BOTRaR®

c LONGFR PRINTOUT IS GENERATED. B0TR4RT

c 80TR488

1F (75.G%, 0.,0) GO TO 103 BOTR4A9

WwRITF (645300 80TR490

60 Tn 100 BOTR491

103 WRITE(€9%01) BOTR492

GD T~ 107 BOTR493

c BOTR49G

c ANGLF CF INCIDENCE LESS TRAN OR FQUAL TO CRITICAL BOTR#95

c BOTR496

20 MM=(n2=1.)#STEPS/THETA BOTR497

MMS2aMV e b BOTR498B

c CALCULATE DT« INCREMENT OF REDUCEQ TiME T BOTR499
DTs(02=1,)/FLOAT (MM) BOTRS00
DTACTS2,#0T#TACT/3, B80TRSN1

0sT=nT/3, BOTRS02

EDT=FXP (=NT/THETAR) B80TRS03

WRITF (6+4936)DTJEDT BOTRS504

WRITF (£,9532) BOTR509

1IF (25.GT.0,0) GO TO 104 BOTRS506

wRITF (£e530) 80TRS07

GO Tn 70¢€ B80TR508

104 wRITF(6e4501) BOTRSNS

GO Tn 706 BOTRS10

c BOTRS11

i c ANGLF CF INCIDENT WAVE LARGER THaN CRITICAL BOTRS})2

! c R2 L&RGER THAN D2R2 BOTR513

c BOTR514

160 IF(DrR2=1,999911019102,102 80TRS15

3 c 80TRS16
3 c PRECURSOR ARRIVES BEFORE DIRECT WAVE BOYRS17
L c BOTRS18
. 101 T=D2R2 ROTRS19
© STPW=0, BOTRS20

N=10 BOTRS21

G0 TO 712 BOTRS22

1 c ROTRS23
] c PRESSURE CALCULATION IF DIRECT WAVE ARRIVES BEFORE FRECURSOR BOTRS24
4 ¢ BOTRS2S
' 102 T=1,0 BOTRS26
STPWs0, BOTRS27

N=1 ROTRS28

i GO TO 71 BOTRS29

' 110 N=12 BOTR530

i 116 Ta8T+2,407 BOTRS31
1 | IF (T.LT.D2R2) GO TO 71 BOTRS32
: i 117 T=D2R2? BOTRS3J
? WRITE (64536) BOTRS 34
\ NE=11 BOTRE3S
| GO T0 71 BOTRS36

| c BOTRS 37
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CALCULATION OF THE PRECURSOR

N=2

TaT«DT

CALL STPWA(ToVMIDsZ19NP)

EVERY FIFTH STEP RECALCULATE STPW WITH TWICE THE INTEGRATION
POINTSeNPs TO CHECK THE INTEGRATION ERROR,
IF(MOO(IP95) 4NE,0) GO TO 1585

IF (NP,EQe16) GO TO 1585

NP2s 2 ONP

CALL STPWA(ToVMID29214NP2)
ERROR=ABS ( (VMIDeVMID2) /VMID2)

IF (ERRORWLT#0,005) GO To 185

DOUBLE NUMBER OF INTZGRATION POINTS

NPaNP2

VMIDavM¥1D2

TaT«0T

CALL STPWA(T+STPWsZ1eNP)
FIaFIREDT®#24 ( (PREPEDT 44, ayMID)®EDT+STPW) #DST
PREsSTFPW

60 YO 70

IF ((IPRES,)LT90) sORe (T4LTe (R2=641#DT))) GO TO 150

CALCULATION OF PRECURSOR NEAR SINGULARITY

DTaDT/2207

Ms (R2=T)/0T/4,

MsgaMeS

DTs(R2«T)/FLOAT (M) /2,

DTACT=2,%DT*TACT/3,

0STa0T/3,

EOTSEXP(=DT/THETAR)

Na9

IF ((IPRES,LTe0) 4ORe (TaLTs (R2=3,1#DT))) GO TO 152

TR1sT/R2

VESQRT(le=TR1##2)

DSvayv/12,*R2

TR28SORT(1,=(0s750V) #02)

TR3aSORT(l,=(0.5%V)##2)

TR4=SQRT (1,=(N,250y) #82)
TlaY

T22R29TR2

T3sR2#TR3

T4aR2*TR4

EDT1mEXP (= (T3=T1) /THETAR)

EDT22EXP (= (T3=T2) /THETAR)

EDTISEXP (= (R2=T3) /THETAR)

EDTAREXP (= (R2=T4) /THETAR)

CALL STPWA(T2,VMIDsZ1+16)
CALL STPWA(T3,STPweZlel6)
FIaFI®EDT1+ (PRESEDTI®V/TR143,#VMIQWEDT20V/TR24STPW®0,54V/TRI) #0SV

PREaSTPW
Tart)
N=3
GO TO 70

CALL STPWA(T4,VMIDeZ1l4l6)

FIaFI®EDTI+ (PRESEDTI® ), 58V /TRA4VMIOSEDTA®V/TR4) #DSV
PREnO,

T=Re

STPwaCR®(1,E*30)#SIGN(1,¢ZE)

WRITE (6¢540)

BOTRS538
BOTR539
BOTRS540
BOTRS4]
BOTR542
BOTR543
ROTRS544
BOTR54S
BOTRE4E
BOTRS547
BOTRS48
BOTR549
A0TRS50
ROTR551
BOTRS52
BOTR553
BOTRSS4
BOTR558
BOTR556
ROTRS57
BOTR558
ROTRS559
BOTR560
BOTR561
RATR562
BOTR563
BOTR564
BOTRS565
ROTRS66
ANTR567
BOTR568
BOTR569
J0TR5T0
BOTR571
BOTRS72
ROTR573
BOTRS74
BOTR575
BOTR576
ROTRS577
RGTRS78
BOTRS79
ROTRS80
BOTRS8]
B0, R582
BOTK..83
ROTRS544
B0TR585
BOTRS86
ROTRS87
BOTRS88
BOTRS589
ROTR590
80TR591
BOTRSS2
BOTRS593
ROTR594
RNTR595
BOTR596
AOTR597
FOTR598
FOTR599
AOTR600
ROTR601




T

OO0

(¢ N o]

301

302

305

308

310
320

400
410

NOLTR 71-110

Nu4
GO TO 70

CALCULATION OF MAIN BOTTOM REFLECTION NEAR SINGULARITY

IF(DT+GTe (DT1/22DT/24)) GC TO 301
DT=DT1/22DT/2,
DTACT=2,%DT#TACT/3,

DST=DT/3.

EDT=EXP (=DT/THETAR)

NP=z16

T6=R2+4,%DT]

DTR=DT/R2

UsSQRT ((1,+42,4DTR) ##2=],)
DSU=U/12.%R2

TR2=SORT(le+ (0s25%0) #02)
TRI=SQRT (le+ (0eS08#U) #a2)
TR4=SQRT (1e¢ (0o 7S5%U) #02)
TRS=]1,+2¢#DTR

T2oTR2#R2

T3sTRI®*R2

TéaTR4#R2

TSsTRS#R2

EDT1=EXP {=(T3=R2) /THETAR)
EDT2sEXP (= (T3=T2) /THETAR)
EDTI=EXP (= (TS«T3) /THETAR)
EDT4mEXP (2 (TSaT4)/THETAR)

CALL STPWB(T2,VMIDs21,416)

CALL STPWB(T3,STPWsZ1416)

FIsFI®EDT1+ (VMIDSUREDT2 /TR2+STPW#0,5#U/TRI) #DSYU
PREsSTPW

TsT3

N=g

G0 10 71

CALL STPWB(T4,VMIDeZ1y916)
CALL STPWB(TS,STPwWeZicl6)

R TRy

BOTR602
BOTR603
BOTR604
BOTR60S
BOTR606
BOTR607
BOTR608
BOTR609
BOTR610
BOTR6]11
BCTR612
BOTR613
BOTRS14
BOTR615
BOTR616
BOTRE17
BOTR618
BOTR619
BOTR620
BOTR621
BOTR622
ROTR623
BOTR624
BOTR62%
ROTR626
BOTR627?
BOTR628
ROTR629
80TR630
BOTRE3]
BOTR632
BCTR633
BOTR634
ROTR63S
BOTR636
BOTR63?
BOTR638
BOTR639
BOTR640
BOTR64)
BOTR642

FlasFI®EDT3¢ (0,5#PRE®USEDTI/TRI*I#VMINWUSEDTA/TRG+STPWHU/TRS) #DSU BOTR643J

PRE=STPHW
T=75
N=g
GO0 10 71

N=13

DTACT=2,#TACT4#DT/3,

IF ((IFRESeLT+0)eORc (ToLTeTH))} GO TO 410
DTanT]

DTACT=2,%DT*TACT/3.

DST=DT/3,

EDTuEXP {=DT/THETAR)

CALCULATION OF MAIN BOTTOM REFLECTED WAVE

N=s7

TaT+DY

CALL STPWB(ToVHIDsZ1eNP)

EVERY TENTH STEP RECALCULAYE STPW WITH HALF THE INTEGRATION
POINTS NP, IF ERROR IS LESS THAN ,005 REDUCE wP BY MaLF.
IF(MOD(IP910),EQo0) GO TO 418

A-1

BOTR644
BOTR64S
BOTR646
BOTR64?
BOTR648
BOTR649
BOTR6S50
BOTR651
AOTR652
ROTR653
ROTR654
BOTR655
ROTR656
ROTR6S?
BOTR658
ROTR659
BOTR660
BOTR661]
BOTR662
ROTR663
ROTR664
ROTRE6S
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IF(NP.EQs4) GO TO 415

NP2ahP/2

CALL STPWB(T\'MID2+Z19NP2)

ERRORSABS ((VMIL«VMID2) /VMID)

IF (ERROR4LTe0,005) NPaNP2

TeT+0T

CALL STPWB(T STPWsZ1NP)

FIlaFI®EDT#424 ((PRE®EDT®4.#VMID)*EDT+STPW) #DST
PRcaSTPW

G0 10 71

CALCULATION OF BOTTOM REFLECTION FOR TIMES LESS THAN OR EQUAL TO
THE ARRIVAL TIME OF THE PEAK IF THE ANGLE OF INCIDENCE IS LESS
THAN OR EQUAL TO THE CRITICAL ANGLE, THE DIRECT WAVE ARRIVES
BEFORE OR TOGETHER WITH THE BOTTOM REFLECTION,

Tal,0

N=8

SYPH.O.

GO 10 71
N=ls
TaT+DT®#2.0
IF(T+2.,0*DT.LE.R2) GO TO 71
TsR2
STPwW=CR/R2
PRE=0,

WRITE (£4+550)
NPs8&

N7

30 10 71

CALCULATION OF DIRECT WAVE =PD=y BOTTOM REFLECTION =PEOT=»
SURFACE REFLECTION =PS= AND TOTAL PRESSURE =P=

IF(TeLTels0) GO TO 72
PDaPACT®#EXP((1+0=T)/THETA)
IF(T4LT<RS) GO TO 72
PS2<PACT/R1I®EXP ((RS=T}/THETSR)
PB80T1sPROT

FTHETA=F1/THETAR
PBOT=PACT/PACTC# (STPW=FTHETA)
TIMESTACT® (T=1,0)

Ps PD « PS ¢ PBOT

TEST TO INSURE THAT THE ABSOLUTE PRESSURE (PeHYDROSTATIC) +GEes 0,

P3AMAKX] (PyPH)
IF(T.GT.TSTOP) N=15

CALCULATION OF IMPULSE= FIMP AND ENERGY FLUx= EFLUX
CALCULATION OF POSIiTIVE IMPULSE=s POSIMP

XPaAMAX] (Py0s)
GO TO (603046007+6020¢603046040,6050960079603096007
1 6030+6010+6007+6007+6007+6060) N
IF(IPRFSeLT.0) GO TO 6070
PMID=P
XPM10D=XP
GO YO 6090
XXDT=TACT/3,*(T-TPRE)
FIMP=3,® (P+PPRE)#XXDT /24+FIMP

POSIMP=3+% (XP ¢ XPPRE) *XXDT/2,+P0SIMpP

A-12

ROTRe6E
BOTR66T
80TR&68
BOTR669
BOTR&T0
80TR67)
BOTR6T2
80TR&T3
ROTRET4
ROTR6TS
BOTRETS
B0TRETT
BOTR&TE
BOTR&TS
BOTREB0

. BOTR&8]

BOTRG8B2
80TR683
BOTR&84
BOTR68S
BOTR&86
BOTR&B?
B0TRé88
80TR689
AOTRE90
80TR691
BOTRES2
BOTR693
B0TR&94
B0TR&9S
BOTR&96
B0TRE9?
BOTR698
BOTRE99
BOTR700
BOTRT01
BOTR702
BOTR703
B0TR704
a0TR705
BOTR706
30TR707
BOTR708
BOTR709
80TR710
80TR711
B0TR712
a0TR713
BOTR714
80TR71S
BOTR716
BOTR?717
80TR718
BOTR719
80TR720
a0TR721
80TR722
BOTR723
BOTR724
BOTR725
80TR726
BOTR?727
B80TR728

80TR729
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EFLUX®EFLUX* (ABS(P) P+ ARS (PPRF) #PPRE) #XXDT/2 ¢ /RHOWAT/CWATER®3,/ 80TRT30
1 2,3066 BOTRTI)
c THE COMVERSION FACTOR 2,3066 1S NECESSARY FCR EFLUX T0 HAVE A0TR732
(o UNITS IN=PS! RCTRT33
PPRE=P BOTR734
XPPRE=XP ROTR735
IPRFSs] ROTR736
G0 TO 6092 BOTR737
6020 DTACT=2,0#DSVeTACT ROTR738
PPRE=PPRE®V/TR] BOTR739
XPPREsSXPPRE#V/TR] BOTR740
PMINsPaV/2,/TR3 ROTRT4]
XPMIO=XP#V/2,/TR3 BOTR742
GO TO 6090 BOTR743
6030 PENN=O, ROTR744
XPEND=O, ROTR745
GO0 TO 6072 ROTR746
6040 DTACT=2,0#DSU#TACT BOTR747
PPRESD, BOTRT48
XPPRE=0, AOTR749
PMINsP®U/2,/TR3 BOTR7S0
XPMID=XP#U/2,/TR3 BOTR751
GO T0 6090 BOTR7S2
6050 PENN=P®U/TRS ROTR753
XPENDEXP#I/TRS B0TR754
GO TO 6072 BOTR755
6060 IF (IPRES+GT.0) GO TO 610 BOTR756
6070 PENDsP 80TR757
XPENDSXP BOTR758
6072 FIMPSFIMP+ (PPRE+4,%PMIC4PEND)#DTACT BOTR75¢
POSIMPaPOSIMP+ (XPPRE+4 o *XPMID+XPEND) *DTACT 80TR760
EFLUXSEFLUX® (ABS (PPRE ) #PPRE*4, *ABS (PMID) #PMID+ARS (PEND) #PEND) RBOTR761
1 DTACT/RHOWAT/CWATER/2.3066 RGTR762
PPREsP BOTR763
YOPRE=XP BOTR764
_ 6090 IPPESE=1®#IPRES ROTR765
! 6092 IF (IPRES+GTe0) TPREaTY BOTR766
3 c WHEN D2R2,LT.1,0 THE ROTTCM REFLECTION IS NOT CALCULATED AT BOTRT&7
g o THE NIRECT WAVF ARRIVAL TIME T#1,0, IN ORDER TO PLOT THE 80TR748
c INSTANTANEAUS RISE OF THE DIRECT SHOCK AT T=]1,09 THE BOTTOM BOTR749
c REFLFCTION IS NBTAINED BY LINEAR INTERPOLATIONs PLOT POINTS ARE  BOTRT70
c THEN CALCULATED FOR THE TCP AND ROTTOM OF THE SHOCK FRONT, 80TR771
IF((IPeENL1) aORe {IPeBT,1000)) GO TO 7002 B0TR772
IF((TINE.GTe0o) e ANDe (XX (IP=1) (L T.0,))GO TGO 6095 80TR773
GO Tn 7002 80TR774
609% XX(lo)zn, BOTR77S
IFIT_NE,R2) PBOTD=PBOTI¢XX(IP=1)#(PBOT=PAOT]) /(XX (IP=1i=TIME®]1,Ex) BOTR776
IF(T.EG,R2) PBOTD=PBOT) B80TRTT?
YY(Io)mAnAX] (PROTUWPH) 80TR778
! XX(Ipel)=n, B80TR779
| YY(I0e]1)zAMAX] (PRUTDePACT oPH) B0TR780
WRITF(69559) YY(1Pe]) BOTR7a1
| IPalnes B0TR782
E i c PRINT RQUTINE BOTR783
] (o FORMATS ARE LISTED AT THE END OF THE PROGRAM, CARDS ROTR907=1042 BOTR784
7002 TF (25.6T,0.0) GO TO 7003 ROTR78S
WRITE (69551) TeSTPWeFTHETA(PDeTIMFoPoFIMP BOTR786
WRITE (6¢598)PROTIPSsVMIDIPREGEFLUX BOTR787
; GO TO 7004 BOTR788
7003 WRITE(6+551) TePBOT EFLUXePDsTIME¢PsFIM? 80TR789
] GO TO 7095 HOTR790
c BOTR791
c REDUCED IMPULSE ROTR792
7004 RFIMP=FIMP/W13R/RACTU BOTR793
A-13
3
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c REDUCED POSITIVE IMPULSE BOTR794
RPOSIMaPOS IMP/W13R/RACTU BOTR79S
c REDUCED ENERGY FLUX BOTR796
REFLUXSEFLUX/w13R/RACTU 80TR797
WRITE (6+556) RESIDsRFIMPyREFLUXsPOSIMPsRPOSIM BOTR798 :
7005 IF(IP.GT.1000) GO TO 999 BOTR799 ‘
XX (1P)=TIME®) ,0E6 BOTRROO |
YY(IP)=P BOTRAO] «
IP=IP+] BOTRA02 ;
c BOTTOM REFLECTION TIME AND PRESSURE STORED IN @X ANL @Y FOR BOTRB02A !
c PTV CALCULATION, B0TR8028 ;
IF(T.LT.02R2) GO TO 7001} BOTRB02C
IPTV=IPTVel BOTRB02D i
QX (IPTV)I=TACT#(T=-D2R2) BOTREO2E
QY (IPTV) =AMAX] (PBOT ¢PH) BOTR8C2F
c 80TRA03
79001 GO TO (110915992109300930593089610970692019159015991149 BOTR804
1 31097089999) 9N BOTRE0S )
c BOTR806
999 IPMAXzIP=] 8OTRAO0? ,
e BOTRE 08 1
c CALCOMP PLOT TAPE GENERATED IF Z3 = 0O g8OTRE09 |
c BOTRE10
IF (23.NEs0s) GO TO 997 BOTRAL1
CALL PLorl(xx,vv.xpnax.xloxz.AoATE.THE.wcn.ceor.voxsa.zx) BOTRA12
997 ICASEaICASE+] BOTRAE12
c CALCULATION OF INPUTS FOR SUBROUTINE PTV. BOTRE13<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>