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Passage of a p’laneshook wave

as a oompres~lon of eaoh mass element,

u~clASSIFIEO
9*

in a 8olid oau$e8 a ohange in shape as well

The deformation produoes a $hear stress with

a oomponent normal to the p~ane of the wate front; this sots in addition to the

h@rostatio pressure which is lisuallyaesumod a8 the only important form. For smll

di8phLoement8 Mi8 has the sam~ effeot as inorea8ing the bulk modulus byan amount

of the order of 1S to 30 peroent dependihg on Poi8sou’s ratio. When the plastio

yield strength is reaohed, the s~ear stress oea8e8 to inorease and &om thero on the

tota3 forde differs from the hydro8tatio pre88ure by a oonstant amount. As a ro8ult

the ourve !’epre8entin~thi8 foroe as a funotion of

of infleotion~ Henoe the velooity ofa weak shook

to 004 megabar8) om be less than the longitudinal

speoifio volume will have a point

(pressures of the order of 0.1

sound velooitye Suoh a 8hook

start$n~ from normal density would not be stable and would nets in faot, be formed.

In8toad, the material will.be oompre8sed in two stages, an initial oompres8ion from

sero pressure to about the yield limit, and a seoond compression from then to the

shook pressure. The first compression i~ continuous, and travels with the longitu-

dinal sound volooity~ If the oomprossion i8 oaused by impaot, this first oompres6ion

wave has a very steep front. The seoond part is by shook and travels with a volooity

depending on this final pressured When the pressure is high enough to I@@ t~s

velooity equal to or greated than lon~itudinal sound velooity the~$wb oompres8ion

JW3Ve8ooalesoe Into a single shook, F5.gure8are given to show thi8 effeot for Al,

Cd, CU. Fe, and tuballoy~ During expansion the

inoreases, the offeotive compression modulus on

obtains a hysteresis loop in a pressure-vohme

equal to the energy lost irreversibly.

strength reduoes, rather than

compression and expan8ion$ and one

diagram, the area of the loop being
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The theory of 8hock wsves’i8 usually worked out for the case of a liquid
s

whioh the only foroo thet mnttors is the hydrostatic pressureo vi8008i%y,

which gives rise to a shear stress, i8 ok importance only for the detailed structure

of the shook$ and oan be negleotad if we are oonoerned with dimensions Iargo oom-

pared to the thioknoss of the shook front. (This i$, for gases, of the order of

the mean free path).

For solids, small deformations may give rise to shear stresse~ of eon.

sidebable magnitudes and we shall discuss their effoot below.

Con8ider Q ease of one-dimensionalmotion, for whioh the velooity is

ovorywhere k the x direotion, and depends only on x and on the $ime. Then the

only oomponent of the stress tensor whioh gives rise to a foroe is axx. This oan be

written as

0= =p+a;x (1)

.

where p is the hydrostatic prosaure landOk a oomponent of the shear 8tress.

The pressure p is a funotion of the speoifio volume, and it may be assumed to”be

the same as for all-sided compression. This we take as a known funotion given by

the ourves of LA-208.

U& depends on the reduced shear s+rsin ~~

(2)

.
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(3)

In any even% since, in our one-dimensional ease, the deformation of eaoh volume

element depends only on one parame~er~ <~ is a unique funotion of v.

Within the elastio limits,

(4)

where G is the rigidity modulus, and for higher strains the stress beoomes eon- !

8tant. We shall assume the stress-strain relntion to be given by

(5)

where Y is the yield stress.

The stress above the

once plastic flow sets in, the

‘l’hisrelation is not far from the truth.

yield point oannot depend on the strains sinoe~

initial shape is no lon~er relevant. It may how-

ever depend oh the rate of strain. The effeot of this dependence is rather like

that of visoosity in a gaseous shook and we will not investigate it here.

We oan now plot the stress a= against the speoifio volume v and the

ourve we obtain is shown schematically in Fig. 1. VO.A is the hydrostatic pressure

only, VO-B is the shear stress~ and VO-C is the sum of the twos and henoe u=.

Consider nowa discontinuous transition by shook from the normal stato

(volume V.) to a state given by the point P. From the relations of Hugor)iotwo

oan see as usual that the slope of the line Pvo is equal to U2/vo2 where u is

the shook velocity. For a liquid with Y= O, G = O the line would

instead, and it is seen that, in the case shown, the difference is

lead to PO

small if the
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However, for a somewhat weaker shook, as shown by Q in the figure, the

intersects the ourve Voo at an in~ermediate Point so since ~he liM@ VOQ

partly below the curve, suoh a shook would be unstable according to the

1)
oriterion of Vm Ihmmann. What aotually happens then IS that the

only from T to Q, where T is the point of contaot with the curves

Tfi.eIa!:;ialscanpressionfrom v. to T will in general

uhook will extend

from Q.

also be di800n-

tinuouso This follows ifwe take our definition (5) as oxaotlyvalid~ sinoe the

funotion UC(V) is Mnear, whereas p(v) is always contex towards the v-axis, so that

tho resultant 1s also slightly oonvex and a stable

Autually even if the line from V. to T

oomprossion would be discoutinuous~ since we would

whioh the pressure distribution propagates without

tho shook is mused, ror example, by &n impaat, it

initially and then bo propagated without ohange?

shook frOM V. to T is possible.

wero exaotly straight, the

then have the aooustio aase in

change of Shapeo If, therefore,

will have a di800ntinuous rise

?iefind, therefore, that a shook whioh 3s not too stronG will oonsist of

an initial small compression to the yield limits and a final shook. The velocity of

the first part 5,sgiven by the slope of the line VO-T, whioh evidently is

- (dp/dv)o + (4/3)~

or sinoe

- (dp/dv)o = F

whero p is the compressionmodulus- it is

This is equal to.the square of veloaity times density, henoe the velooity of the

initial shook is

i

N + (4t3)G
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1% is avident from the figure that oonditiona will be au exemplified by

the point P or Q respectively aooording to whether the velooity of the main shook

is greater or loss than longitudinal sound velooity,

Figs. 2 to 6 show the quantitative pictures for a number of metals. The

hydrostatic pressures are taken from the report by hietropol$.s(LA-208). For the

elt!stioconstants values were oolleoted fron

of Poisson’s ratio and Young~s modulus given

nearly oonsistont with Bridgmmts values for

the literature. In general the value

in Kaye and hbyps tables, were most

the compressibility on whioh LAu2P6

is based. In eaoh case two slopes are shownfor the longitudinal sound velooity,

using either the published value of Poisson’~ ratio or of Young~s modulus, to give

an idea of the oonsistenoye In the case of Al only one ourve is shown. sinoe in

thi$ ease the data fi?eexaotly aons$stent.

?Zlastiooonstants for tuballoy were taken from measurements by Biroh~

The data are summarized in the following table. The first column gives the hydro-

dynamic sound velooity, the .seoondthe longitudinal velooity, whioh is also equal

to the oritioal shook velocity, for whioh the shook just oeases to be preaeded by a

sound signal. The next oolumn gives the pressure corresponding to the pressure

belonging to this shook if

raises the ourve VOP of

shook pressure is slightly

strength is negligible Aotually sinoe the strength

Fig. 1 Somewhat’above the ourve VOP1, the aotu.aloritioal

less than the figure given in the table.

The fourth oolumn gives the corresponding

strength.

The last aolumn givos$ approximatoly$

oaused in eaoh material by a detonation wave i.n

the

compression, again neglecting

shook pressure expeoted to be

COmp. B strikin~ the metal normallye

.
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the oritioal pressure for Al, Cd, Cu, that it is below

to it for Tu. Hence the effect desoribed hero ought

to exist in s%eel~ might exist

absent in normal conditions in

to a very small extent in tuballoy$ and should be

all other metals inoluded in the tablee

G-8 have shown strong indications of suoh en effeot

metalsj this agreee therefore with our expeatati.on,

be oxpeoted in thick plates and with very small amounts

Exp@iments by
)

in ste~l and none in the

In all oases, the effeot

of 11,?2.,sinoo the shook

sound signal will ’detaoh

Group

other

might

attenuation will reduce the shook strength so that the

itself from the shock after some initial run as a single

shock. It would, however, be neoessary to use very hi~h weight ratios of metal to

HOE. to.make the effeot observable.

..—

hydro o

velotiity
m/see.;aterial

parit
megab&r8

,Par&t

. Po

pshook
~JIegabars

..

028Al

Cd

Cu

lb

Tu

6210

22?0

3920

4630

2440

6320 . 1’? 1.19

2880
a790

4780
4580

6020
S290

3240

t’

‘.101
0097

1.18
1615

.35

037“.216
*184

1.12
1011

“.438
.388

1018
1.16

.36

1.26.40 039

The part of the ourve VOP in Fig. 1 whioh lies above the yield

is irreversible, and on expansion the material till follow a ourve whioh

point T

instead
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will a~ain appose deformation and will now aot

hydroatatio pressure.

The

the theory of

below it Einc%

in a direotion

the plastio stress

oppos$te +0 the

shape of the descending part of this curve is of grea% importance
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