T e Y T 1 MM TR, oy s 47 v novm  + amars e o o

R b_l.v CLASSI@IED ; - 2745 Vg R (¢ {4,’.’;’

I
. -

s,\snﬁ ;ViTEMI-TlE DECLASSIFICATION RE-VI!ZW

tign (Circie Nurmbers),
T-24 98 | i e

1 o Chengnl to
3}

[ e N e R R R

1* Reviny Dens:

AN:-:R{_SADC 00 wL“[L’f’

Ay

Contatns No DOR Claasificd [nfermation
Coord.apte Wik

S——

SRy Dol i oA e
Auionsy  afit: ’
L LT SV,

ISC“-?PM—so-ss-sl./;-f .

DEGRADATION OF LINEARLY PROPAGATED ATOMIC-BLAST
EFFECTS BY STRUCTURES OR HILLY TERRAIN

; aaones H. Smith E'i
SANDIA SYSTEMATIC DECLASSIFICATION REVIEW -~
- TR OR DECLASSIFICATION STAMP UG i ¥

S R P 7 G ety RE Ooaury
M..\SLM -/ '
f'n T ey D ‘//‘//:Z}Z? recoruin, L2801 L09%6., 3&27.1
KIN &DHEI DATED:-M— BSTRACT

-

MEMTUAOTILR WA W AU VRV VNS TGRS L T S BT S

'

i E
The degradation factor was computed for linearly propagated blast waves {created 2 'g’;"
hy an atomic burst) striking a circular plot of land having a V-shaped or sawtooth &
tvpe of contour. A corresponding but briefer study was made for sinusoidal ter- R
rain. Curves for both studies are given showing the degradation factor as a func- g ;2
tion of burst height and major hill dimensions. % }i
ER)
’ﬁ g E
.. i iNVENTORIED ¢
. . }nvﬁ\"‘ . - g

. - i e AT Y £ 2
P Septembur 10N » 2510 s 2uresg §F
D S pg, t d Iw& gg
HE
4E
Case No. 418.0 April 11, 1953 Ex

LR TINLY We
hatt - ")

i\
3




Ft . Su— UNCLASSIFIED
@  ——

TABLE OF CONTENTS

Page
INTRODUCTION . . . . . . o e e e vt e e e 4
RESULTS OF THE INVESTIGATION o PR E
Part1: V-Shaped Terrain . . . . . .. e e e e e b
Part 2: Sinusoidal Terrain . . . . . . . . . . .. ... .. 410
APPENDIX A
Derivation of the Expressions for the Degradation
Factor for V-Shaped Hills whose Ridges and Valleys
are Concentric about Ground Zero.. . - . « . . . . . . ... 12
APPENDIX B
_ Sample Computations for the Graphs of Equations
. 29and 31 in Figure 2. . . . . . . . . ..o oL 22
APPENDIX C
- Determination of the Degradation Factor for Sinusoidal
Terrain. - . . . . ¢ oL oL e e e e e e e e e e e e e e e 31




LIST OF ILLUSTRATIONS  °

Figure Page

1 Circular P'lot of Terrain Having V-Shaped (Sawtootn) )

TYPe Of COMOUL « v + « « v v v e e e e e e e e e T
2 Degradation Factor (A(’./A) versus Ratio of Burst Height

to Hill Height (h/H)for Concentric V-Shaped Hills . . . .. .. 9
3 Degradation Factor (Le/L) versus Ratio of Burst Height to

E Hill Height (h/H) for Sinusoidal-Shaped Hills. . . . . .. ... 11

4 Atomic Burst over Circular Terrain Having Uniform

V-Shaped Contour . . . « ¢ v v v it e e e e e e 13

L

Diagramforthe(?alculationo{se 15

Mesmmangiares g i s Forip b,



b A By 2 i TR

Tl PR

INTRODUCTION

This report assumes that the blast waves created by an atomic burst travex only
along straight lines emanating from the center point of the burst (that is. blast
waves propagate like sound waves and do not bend around corners). This assump-
tion is not realistic insofar as actual blast waves are concerned, but is reasonably
valid for radiation effects. All reflections of the blast waves from surfaces were

assumed negligible.

In general, the degradation factor is defined as the ratio Ae/A. where Ae is the
total area that is directly exposed to the blast waves, and A is the total area of

the surface within the range of the blast and of which Ae is a part.

Originally this study was to be extended to other than sawtooth and sinusoidal

types of terrain and to structures, the latter being represented by a square or rec-
tangular wave type of profile. However, this complicated analytical study was no:
made for such a complex anaiysis did not seem worthwhile in view of the unrealistic

assumptions required.

The results of the studies made can be of value in some future study concerning
radiation, for example, where the assumptions would be reasonably valid. Recentiy,
there has been considerable interest in the degradation of thermal and other radia-
tion effects produced by atornic weapons. Consequently, even though an answer to
the immediate problem of actual blast effects was not produced. this investigation

was considered to have been quite worth-while.
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The work was concluded with a study of the Nagasaki atomic bomb damage map to
determine whether any correlation exists between the damage and the contours in-
dicated thereon. No correlation could be established, principally because much of

the hilly area of interest was initially devoid of any structures and, hence, the

damage that might have occurred in these regions was undeterminable.
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RESULTS OF THE INVESTIGATION
PART 1

V-SHAPED TERRAIN

Appendix A shows that for a circular plot of land having a V-shaped or sawtooth

tvpe of contour (Fig. 1) the degradation factor is

maximurm height of a hill (feet), that is, amplitude of the . . -

b ]
h >H (1)
Y
ey
where B = one-half wavelength of the V-shaped contour (feet)
R = radius defining extent of blast (feet) B
R- =
(See Fig. 1. For simplicity, it is assumed that ---Z-é—g-
is an integer.)
N = a factor determined as discussed below
| R-+ B
m = N+1. N+3, N+5, N+7, . . . T
h = burst height of weapon (feet)
¢ H =
;

V-shaped contour.

if —-;———H is an odd integer, then N = b, 2; if LR is an even

‘i 3 5T integer, excluding zero,
3 then N =§% +1; i{-z-% is not an integer but {s greater than one, N is the higher of
:

LY

i the two successive odd integers between which -2-%, lies; if -ZZ—< -2% <1, then N = 1.
:g = 1 - - o

b 1t &2 1 thatis. h Z H, then the first hill to the right of GZ in Fig. 1 shields all
; ZH 2 g g

portions of the other hills farther to the right, and the degradation factor becomes

P

: A 2
@ e
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(3)

Figure 2 shows an approximate relationship between the degradation factor (A e/A)
and the burst-height-to-hill-height ratio (h/H) for the concentric V-shaped terrain
shown in Fig. 1. Calculations of the points which determine the curves of Fig. 2
are shown in Appendix B of this report. The three solid-line curves were derived
from data based on EqQ 1 and on a pdh curve for 12 psi and 1-kt yield in aﬁymemo—l
randum by G. T. Pelsor. 1 Burst and hill heights are indicated for each of these
curves. The broken-line curve is for a 13,000-ft blast range and a hill for which
H is 1000 feet and B is 2000 feet. No pdh curve was used to calculate the coordi-
nates of the x-points which determine the broken-line curve. {(See parti2 of Appen-

dix B.) The broken-line curve has been drawn more smoothly than the points deter-

mining it would require.
The primary difficulty in calculating data to plot the solid-line curves is that the

-pdh curve does noté)rovide many points which {ulfill the requirements that
R -=

2
Ae/A <1, and———-z-—ﬁ—-

valleys of the hills, Ae /A is not expected to be a completely smooth function of

must be an integer. Because of the sharp peaks and

h/H in any instance, but since data for so few points were computed it seemed

best to draw average curves through the points determined.
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PART 2

SINUSOIDAL TERRAIN

Terrain having a sinusoidal contour was studied very briefly. The profile of this

terrain is similar to that shown in part b of Fig. 1, except that t};e V-shabed wave
is replaced by a sine wave whose wave length {s 2B. For simplicity, the degrada-
; tion factor is exﬁressed as Le /L., rather than Ae /A, where L, is the length of the
profile directly exposed to the blast waves, and L is the total profile 'lengtvh within

the range of the blast and of which Le is a part.

No simple expression for L'3 /L. could be derived. A point-by-point numerical
. solution was required, the details of which are given in Appendix C. Curves

expressing Le /L. as a function of h/H for a blast range fixed at 10,000 teet are

shown in Fig. 3, where B is one half the wavelength and H is the amplitude of the
sine wave representing the terrain, and the terms 'peak' and 'valley' imply that
the location of the burst relative to the sinusoidal terrain is over a peak or over
the center of a valley. When the burst occurs over a peak, the condition h/H =1
tmplies a contact burst upon the peak itself. Hence, the curves of Le /L for bursts

over a peak do not exist for values of h’/Hyless than one. When the blast occurs

over the center of 2 valley, L, /L. is negligible for values of h/H less than about 0.9.
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APPENDIX A

DERIVATION OF THE EXPRESSIONS FOR THE DEGRADATION FACTOR~
FOR V-SHATED HILLS WHOSE RIDGES AND VALLEYS
ARFE CONCENTRIC ABOUT GROUND ZERO

ing aover a circular plot of terrain which has a uniform V-shaped contour as shown
in Fig. 4. The entire circular plot of land is that which would be generated by
rotating the contour of Fig. 4 horizontally about the point GZ (ground zero for the

Hurst.)

The effects of the burst that are of interest here are those which propagate linearly
: . from the center of the burst. It is desired to derive a factor for determining to
what extent the presence of the V-shaped hills degrades the energy reaching the

- terrain.

The symbols in Fig. 4 are defined as follows:

B = half the wavelength of the V-shaped contour

GZ = ground zero and the origin of the coordinates

n = number of a peak or valley as illustrated

5 = slant height of any area directly exposed to blast waves

N = minimum value of n that produces a shielded length S5 >0
r = Xx intercept of far side of hill which is tﬁe limit‘ing casé |

such that the profile of the far side, {f extended toward

the burst point, passes through the burst point.

r = x intercept of any hill {or which‘Ss >0
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; R = x coordinate of peak of any hill so located that effect of

blast has dropped below any selected amount. For simplicity
B
R ~ =

it 1s assumed that —-——2—}-3-%—-——- is an integer.

From the geometry of Fig. 4, it follows that

tena =

Hence,
Bh
e © ZH ()
For the derivations to follow, part of Fig. 4 is redrawn and called Fig. 5.

The equation of the line through the points having coordinates (0, h) and (r - -3—22-3, H) is

_ 2(h-H)x
. y -h= 383y
f or
(v-h) 3B-2r) = 2(h-H)x (6)
The equation of the line containing Se is
2H
Y=g (x-r)
or
B -
X = E;I vy+tr (l)

To determine the coordinates of the point of intersection P of the two above lines,
Eg 6 and 7 must be solved simultaneously. The resulting value of ¥ may be desig-

nated 2as y (the y coordimate of P}, thus
P

_{3Bn - 2Hr)H
Yp = ¥BH - 2lir - Bh (8)

The vertical projection of Se is H - y . the negative sign indicating that the magni-

tude of ¥ i3 negative when P {s below the x-axis or positive when P is above the
P : . o T SR T S ‘ et e i »4
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x-axis. The length of Se itself can be found from the following expressioh: '

$ =(H-y)cse a ‘ ' (9
€ »
where
” Vn? + 16t (10)
csc a = 317 SRy
tHence,
2 \/ 2 2
5 - V B”+4H  3Bh - 2Hr B” +4H1
e z . 4BH - 2Hr - Bh ° 2
- B + 41{2 1 - 3Bh - 2Hr (11)
2 4BH - 2Hr - Bh
This expression can be further reduced to
Se ™ Blham +zrr VP s (z)
or
g . 2VB® +a? (o
e 3 2r W
L A
—l:{ -1 ﬁ' - 1)B

Each of the hills shown in Fig. 4 to have part of its near side shielded from the
blast waves has an integral value of r which when placed in Eq 12 or 13 gives the
value of Se for the hill. The value of r to be used in any instance can be expressed

ir. terms of B and the number n of an adjacent peak or valley.

Ihe computation of z'e /B, or its egquivalent, S’ permiis N, the minimum yvalue
of n, to be determined.

h

1¢ EYT is an odd integer, N = -Z—;T + 2; if 3B iz an cven integer, excluding zero,
W “Z:}i + 1, if—f%- is not an integer but is greater than one, N is the higher of
i o

two syccessive odd inte ers between which J-‘-I
: e P13

2
P
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ZH
, hills farther out. This situation is discussed by itself on p. 20.

21, that1s h T H, the first hill from GZ shields all portions of the other

if, through error, too small a value of r were to be placed in Eq 12 or 13, anabsurd
value of S would be obtained. The values of r to be used are (N +1)B, (N+3)B,

{(N+5IB, (N+ 7B, ... .(R-B/2). Letr=mB, where m takes on the successive
B
values N+1. N+3, N+5, N+7, . .. "7 .

B

Then Eq 12 becomes

L]

s
e

z(h-H)VBZ + 4Hj o }1{ oo da)

and Eq 13 becomes

-1 pele -~ {15)
When h >>H, > Eq 15 can be expressed as:

rs o E 2n¥B? +ap?

e m h+2mH - 3H T {16)

With h>>H, h+ 2mH >>3H, and hence Eq 16 can be simplified as:

2h VB? + 212

h + 2mH h>>H (t7)

Ls = £
e m

Sirmple expressions do not exist for the summations of the harmonic sertes appéar-—

irg in Eq 14 through 17.

' The terrein of concern here is balf of a wafer whose contour along any radius

iying in the x, z plane is shown in Fig. 4. It is necessary toc compute the totai

- T

g X o e VR T
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surface area that {s directly exposed to the blast waves.

In Fig. 5 let r be the x coordinate of ¢, the midpoint of S . Then the area of any

one surface of slant height Se on the half wafer is

2, = wrcse (18)

1t is desirable to derive a general expression for r,-
From p. 14, the vertical projection of Se is H - Yp* It follows that the y coordinate
of cis

-H_'H_yp _ H + Yp
yc" Z - 2 {19)

The x coordinate of c can be found by substituting Y for y in Eq 7; thus

“_B- . AV

Substituting Yp fror Eq 8 into Egq 20 resnlits in

. - B, (3Bh-2H0B
¢~ % T i(4BH - 2Ar - Bh

- [BH - 2Hr + Bh —, (21)

® Z |4BH - 2Hr - Bh _}”'

+r

If mB is substituted for r,

B 2Hm - 2H - h
Er. =3 L 1SHm —4msn '™ (22)

Let ANR be the total of all 2, from N out to range R. Then, from Eq 14 and

. H{(m-1)-h 1
AN =w8{h - i) V;; + 4H [ZH — 3% T em [m] | (23)

18,

To determine the total area between GZ and R that is directly exposed to the blast




waves, it is necessary to add to ANR the axea AON of the portion of the half wafer
between GZ and N.

From Fig. 4,

A= ZB “B’“”HZ \4;+4H +2rB VB +4H

ON 4

+ 3 B ‘JBZ+4HZ+....+'»T (N-1}) B Z+4HZ
=7BVBZ+4HZ E§+1+z+3+....+(N_1) (24)

Except for the first term, the bracketed eéxpression in Eq 24 is anarithmetic

series in which the last term and the number of terms are both equal to (N - 1).

Summing the arithmetic series above results in

Ag =TBVB +4 2"")

ON , e A25)

The total area on one half of the wafer directly exposed to the blast waves is

= + ’
Ae AON ANR (26)
Ae is to be expressed as a {raction of A, where A is the total surface area of the

haif wafer between GZ and R. The expression for A is the same as that foriAON-

R-2

in Eq 24, except that the series goes 'through B Z instead of just through

In~1). Hence,

R -
A= -8 YB®+ap? F1H2+3444+454 ...

B

B
z

S

(27
Summing the arithmetic series in Eq 27 results in

”Bm[(n)] e
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It {follows that

/ m 1__}.‘._. h -1“
B . 2 ZH H
5 = F)Z {(“"1“ + L p tem b (29)
- i Sy - —
m-2 2 m Z+ZH

If i7¢q 17 is used instead of Eq 14 to derive Eq 23, then, for h >>H, Eq 29 becomes

h 1
A B2 1,2 ™ol 1
e
e = o - - z + 0
S LA ozl &) w3 o)
' 2H h 2
When h is less than H, Se (in Fig. 5) computed from Eq 12 has no practical signi-

ficance, and £q 29 and 30 are not valid. Whea h < H (the case of E}'lﬁ : % on

p- 17), the only portion of the terrain subject to blas: waves is the near side of the

. first hill from GZ (in Fig. 4). Ae/A is now computed for this situation. A is still
as it was in the previous study and can be computed from Eq 28. The requirement
RoB _
that 30 be an integer is of no significance when h < H. Here
- B \/ 2 2
/ Ae ey B +4H
and hence
A 2
= = E’Z hZH (31)
4R

Note that Fiq 31 can be obtained from either Eq 29 or 30 by considering the sum-
mations to be zero and by letting N=1. When h=1I, and N = 1, the summation

terras in Fiq 29 and 30 are equal to zero, and these equations reduce to Iq 31 as the

limiting relation.

: ‘ - e e e e e LB e T v, e S R B ST ST




it Ae/A is to be computed for some given consiant overpressure on the earth's
surface, 1q 29, 30, and 31 should be used in conjunction with the corresponding

pdh curve. At present, all pdh curves are for flat terrain, and do not apply exactiy

to the terrain for which Eq 29, 30, and 31 were derived. Nevertheless, 2 pdh

curve provides a systematic means for estimating a fairly realistic value of R to

Care must be used in selecting B and R so that the re-
B
lation between them satisfies the requirement that R- Z is an integer.
2B

use with each value of h.

From Fig. 4 it is seen that for Ae/A =1 it is required that

B) tan a (32)

= 3
R>(R - 3
or
h 3 (ZRE—;SB)H ‘(33)
or, by rearrangement,
B =.3B A
B z.3B y . ;
R (ZH h 2 (34)

It = worth-while, therefore, to apply Eq 34 at the beginning of the process of

computing A B/A .




APPENDIX B

SAMPLE COMPUTATIONS FOR THE GRAPHS OF EQUATIONS 29 AND 31%
IN FIG. 2

1. For the Three Curves Based on the 12-PSI PDH Curve for a 1~-kt Yield
a. Arbitrarily choose the pdh curve for a 12-psi overpressure obtained from

a 1-kt yield. If B = 40 feet, and if values of d are selected as listed below,
B ‘ .
the relation that R - 2 must be an integer is satisfied at each value of d.
2B
These values of d are used as R in Eq 29 and 31. The value of h read from

tr. 2 pdh curve for each value of d is used with its value of d = R. Arbitra-

rily let H = 20 feet.

d = R(ft) R - —’;— (£1) R - 20 h (€)
2B
; . 100 80 1 935
180 160 2 920
260 240 3 890
bo- 340 320 4 885
420 400 5 870
500 480 6 860
580 560 7 840
660 640 8 820
740 720 9 700
820 800 10 © 250"
900 880 11 —
860 ——— - 20

*Equations 27 and 31 are the sameas Eq1 and 2.
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Vo= b % 20 {eet, applylng ¥q 31 results in

e B2 _ 02 00
A 4p®  4Rr® r®

At h o= 20 feet, R =d = 860 feet on the pdh curve.

tience,

A
e 300 5. 000541
(860)°
When ..q 24 is applied,
40 = 3 x40
R -ls53)h< =3
tience,
R-h < 60
Ae
Therefore, compute i for R -h > 60.

The only place onp. 22 where R - h >60 is where R = 820 feet and h = 250 feet.

B 250
0 " Txzo - °%

Henree,

N=7,and m =8, 10, 12, 14, 16, 18, 20. The greatest value of

B
R s0-20
me—te 2022 g0,

» s necessary now to evaluate £q 29 for this case.




m M Q MQ
L3 16.06 0.9388 15.08
| 10 20.19 0.8070 16.30

12 24.29 0.7077 17.19
14 28.37 0. 6301 17.88
16 32.43 0.5679 18.42
18 36.48 0.5169 18. 86
20 40.53 0.4742 19.22
£ MQ = L =122.95
(N-—;-)2= (7-% 2 . 42.25
(v -3% + £ =42.25 + 122.95 =165.20
z 4
(%)2 = (g?;,‘?{-)-)Z = 0.002380
Therefore,
Ae

= 0.002380 x 165.20 = 0.393

A
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TABLLATION OF RESULTS
h {t) n/H A /A %.;égz%ﬁ
a35 46.8 1.00
320 46.0 1.00
890 i  44.5 1.00
885 44.2 1.00
870 43.5 1.00
869 43.0 . 1.00
840 42.0 1.00
820 41.0 1.90
700 35.0 1.00
740 34.0 1.00
250 12.5 0.393
‘ 20 or less 1.00 or less 0.000541

b. Again use the pdh curve for 12 psi for 1-kt yield. Let B =100 feet and
H = 100 {eet.

B
R-=5 R - 50
2B 200

» R-50

R(ft) 05" h{f1)
250 1 910
450 2 870
£50 3 © 830
850 4 €5
840 - 100
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For h'< 100 feet, applying Eq 31 results in

A 2
e . ..{100) =0.00354

A 4 x (840)°
Apply Eq34
_ 100 3 x100
R (2 xléﬁ)hz 2
Hence,
h =
R-E < 150
Therefor», compute
Ae h
T for R --é- >150.
For
h = A
R-_Z- <150.-A_g =1;oratR=570,~;=-§:—9 = 420,
and
h
R -3 = 150.

For only two of the sets of R and H values shownon p. 25 is R -% greater than

150: one {3 for R = 650 {eet, h = 830 feet; the other is for R = R50 feet, h = 65 feet.

When
R = 650 feét and h = 830 feet,
h 830
AT Twioo =415
Hence,

N=5, gnd m = 6.
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aemeywwatttukiide,

R- 2
, 2 650 - 50
The greatest value of m = 5 = —og— = 6. :
m 1 .11..
C - ToH 6-1-4.15
2 m—— = .
MA— 5 %7 g-zTas T 12=12.10
2H

rE=MQ=12.10 x 0.896 = 10.84

(N_%)Z;(s_IZ

E‘ =20.25
1.2 -
(N-=)"+ZL =20.25+10.84 =31.09
2 m
B .2 100 2
A
e

.

P

=0.02367 x31.09 =0.736
When R = 850 feet, and h = 65 feet,
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TABULATION OF RESULTS

From p. 26 it is seen that - =0.00354,

Hence,
LI SR :
FXi | 3 » and kq 31 applies.
LIPS equivalent toh <H or h< 100,
2H 2
A

h (i) h _h A Ho_100
H ~ 100 A B T 100 :

910 9.10 1.00

870 £.70 1.00

840 .40 1.00

830 8.30 0.736

65 or less 1.00 or less 0.00354

¢. Again use the pdh curve for 12 psi for a 1-kt yield.

H = 200 feet.

The results are

Let B = 100 feet and

h{ry) h_h Ap “H 200 .,
H ™~ 200 — B 100 -
A

Y ‘—-{
: ATE 4,38 1.90
i
| 270 4.35 0.633
t‘ 830 4.15 D.452
{ 200 or less 1.00 ~ 0.00354
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2. For the single curve having R fixed at 13,000 feo!
et B = 2000 feet and H = 1000 feet. This time KR is fixed at 13,000 feet, while
h is aliowed to vary from zero to 12,000 feet.
Then
.
2 _13,000 - 1000 _
2B - 4000 -
.- L= . h = . -
For h< 1000 feet (}-[ < 1}). From Eq 31,
A 2
2 - _{2000) " __ 5 00592
4(13,000)
If ¥2q 34 is applied: !
2000 = 3 x 2000
13,000 - 700" Tz |
13,000 - h < 3000
h> 10,000
et s A = h
'his means that e =1 for h > 10,000 feet (—}-I = 10},
A
Uompute j_e for h = 2000, 4000, 6000, and 8000 feet.
A
'-.’."br,-n
h
h = 2000 feet (ﬁ = 2),
n_ 2000
2H 2 x 1000 ~°
Honce,
N=3, andm =4, 6.
R. B
o . © 27 13,000 - 1000 1
The gregtestvalue of m = 5 = 3000 = b ‘




For

For m = 6:

oo 41

3 -1 26
M=3537 %873
2 -1 1
Q="5" =3
26
MQ = e
5-1 64
M = 731 +12 = =
2 -1 1
Q="7%" =3
64 1 64
MR= 3 x3 =33
26 64
‘Eﬂ = —9-— + -2-5 = 5.449
1,2 1.2
(N-3%=(G-3)"=6.250
.12 -
(N-2)°+ L =5.250 + 5.449 = 11.699
2 m
B 2 2000 2
puietee (RO P —— — ? -
(g )" =t5gee ) =0-02%87
An
. K; =0.02367 x11.699 =0.277
TABULATED RESULTS
h (r) h/H A
A
10,000 10 1.00
8,000 8 0.73
6,000 6 0.687
4,000 4 0.442
2,000 2 0.277 [RESTTEN B SR
1,000 or less 1 or less 0.0059%2 |




il

' “ UNCLASbLa_; D

T Y A B P v e : S i M TR i < 1 e e

APPENDIX C

DETERMINATION OF THE DEGRADATION FACTOR
FOR SINUSOIDAL TERRAIN

A semigraphical method was used to determine the degradation factor for sinusoidal
terrain. First, an illustration similar to Fig. 4 was drawn to scale for eachsine-
wave type of contour. As in Fig. 4, straight lines ermanating {rom the burst point
were drawn to determine which regions on each sine wave would be directly exposed
to the blast. Then the lengths of the exposed regions on each wave were computed
and totaled, the total being called L where L is defined more explicitly on page 10.
The total profile length L for each wave was computed for the given range of the

blast. The degradation factor for each contour is L /L.

The length of a sine curve between any two points whose x coordinates are X and

x, (xZ >xl) is

V(3P E(‘I ;ZHZszr , W;z)‘" E(J Bw :{Fsz ’f;&, ) (33)

B” +T

where 2B is the wavelength and H is the amplitude of the wave, and E is an elliptic
integral of the second kind. The derivation of Eq 35 is given kelow. Tables in Ref.

2 were used to evaluate the elliptic integrals.

Using x, y coordinates as in Fig. 4,

*2
=/ /1+(%§(—)2 dx (36)
* o

The equation of the sine wave representing the terrain is

y =Hsin g= o (37)

UNCLASSTFTED
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Henco,
*2
2 ..2
s = 1+ & H cosz IX. dx (38).-.
: 2 B
z B
byt
2 TX 2 TN
cos 5 = 1 - sin i and hence
i xz
2 .2 2 .2
s = 1 +XZ l; i }Zi 5.inZ —%‘ dx (39)
i B B '
1
. By algebraic manipulation I2q 39 reduces to
: ) o X [T
s sin 508 dx) (40)

x
2
. £ u
B2+ & 0
1

This integral is an elliptic integral of the second kind. For it to be valid it is

required that

)
; r H

i 0 < <1,
8+ % 1

<1.
|

1




P o T TR R PF ST - 3 come s s

[ . . * . ' :
oo i’ UNCLASSIFIED
‘JV Y 3 . : '§
B’ 1
For £q 41 to be true, angd its equivalent, ——=—— , must be finite and
2.2 2
14 H T fE_)Z
‘B
greater than zero. It follows that % must be finite and greater than zero, which
requirement will be satisfied by any existing hill.
JAMES H. SMITH - 5132
DISTRIB JTION:
1/11A - S. C. Hight, 5100
: 2/11A - E. F. Cox, 5110
3/11A - R. W. Shephard, 5120
, 4/11A - K. W. Erickson, 5130 GGelE
| . 5/11A - G. E. Hansche, 5140 -
6/11A - B. F. Murphey, 5111
7/11A - M. L. Merritt, 5112
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° 9/11A - W. E. Boyes, 5131
10,11/11A - G. Byrne, 1921-3
|
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