Introduction of Stress Wave Propagation

Effect of a sharply applied localized disturbance in a medium soon
transmits or spreads to other part of medium. The local excitation of
medium is not instantaneously detected at position that is at a distance
from the region of excitation, it takes time for a disturbance to propagate
from its source to other position. e.g. an earthquake of an underground
nuclear explosion is recorded in another continent well after it has
occurred.

Stress waves originate in the forced motion of a portion of a
deformable medium, as elements of the medium are deformed the
disturbance is transmitted from one point to the next and the disturbance,
or stress wave, progresses through the medium.

In this process the resistance offered to deformation by the
consistency of medium, as well as the resistance to motion offered by
inertia, must be overcome. Deformability and inertia are essential
properties of a medium for the transmission of wave motion.

If the medium were not deformable, any part of the medium would
immediately experience a disturbance in the form of an internal force or
acceleration upon application of a localized excitation.

If a hypothetical medium were without inertia, there would be no
delay in the displacement of particles and the transmission of the
disturbance from particle to particle would be effected instantaneously to
the most distance particle.

But real materials are of course deformable and possess mass and
thus all real materials transmit stress wave. Propagation of stress wave
may through liquid, solid medium or air.

The finite velocity of wave in fluid can be express in (k/p)"”, p:
density, k: bulk modulus, fluid cannot sustain finite shear stresses, the
dilatational wave is the only type of wave motion can be propagated

through it.



In our discussion, it is focused on the propagation of waves in linear
elastic continuum solids, so that properties such as density or elastic
constants are considered to continuous function.

In elastic solids, two type of elastic wave may be propagated

1. solid will transmit tensile and compressive stresses (P wave,
longitudinal wave), the motion of particles will be in the direction of the
wave motion, the speed of propagation is c4* = (A + 2u)/p. 7, u: Lame’
constants

2. solid may transmit shear stress and the motion of particles in
transverse to the direction of propagation, the speed of propagation is

cs”=plp

SH wave and SV wave represent the horizontally and vertically

polarized shear waves.

Consider a solid body subjected to an external disturbance F(r)
applied at a point P at r = 0, if the greatest velocity of propagation is c,
the disturbed region is bounded by sphere centered at P with radius ct.

A wavefront will be associated with the outward spreading
disturbance, particles ahead of the front will have no motion.

When a solid medium is deformed, both distortional (shear) and
dilatational (longitudinal) waves will normally be produced.

When a wave of either type impinges on a boundary or interface,
wave of both types may be generated by reflection, refraction or
diffraction.

Elastic waves may be propagated along the surface of a solid, there
are known as surface wave (Rayleigh wave), and may be propagated
along near the region of interface of two medium, there are known as
intersurface wave (Stonely wave).

Shock wave may be formed in medium when the velocity of
propagation of large disturbance in it is greater than that of smaller ones.
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Example. For simplicity of illustration, consider only displacement initial
conditions. Thus, siippose

1. —a<x<a
¥(x,0) = U(x) =

0, |x|]>a . (1.1.34)
J‘.‘(xn 0) = V(x) ={,
'n.m X, 1) = HU(x—cot)+ Ulx+c,t)}. C(L13%)

The behaviour of the string at different instants of time is shown in Fig. 1.5
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2.2.1. Reflection from fixed and free ends -

Boundary conditions for a semi-infinite rod analogous to those for a string
(see Table 1.1) can be formulated. The image method can be applied to the
two simplest cases of end termination—the free and fixed ends. Again, the
string resalts can be directly applied. However, there are one or two aspects
of the phenomena in rods that deserve further emphasis. Consider first an
incident pulse on a fixed boundary. The boundary condition is given by

40,0 =0, 2.21)
An image displacement pulse system is set up that will satisfy these boundary
conditions and is shown in Fig. 2.4(a). Also shown is the corresponding stress

- Fia. 2.4, Image lacement md stress pulse tion, interaction, and reflection
- bRl o

pulse situation. During steps (b) ‘and (c) in the figure, interaction at the
boundary occurs. The main po:nt of this study is brought out in the stress-
wave interaction in step (b). It is seen that the stresses superimpose to give
double peak value. This is also occurring in step (c), where double the value




c=¢nd boundary condition, as given by 5

© e =0, €20, 7 (g

Agiipégbp_ly lhclmagc method to the reflection problem. The appropriate
image system is shown in Fig. 2.5(a). As is evident in the interaction steps (b)

G'(d‘él

Fia. 2.5, Image displacement and stress znlse system for propagation, intcraction, and
reflection from a free end, _

=0,

c T
i
T C

and (c), there is a donbﬁgg‘cﬁ'cct, but the doubling is-associated with the _
displacement at %ﬁ end and not the stress. This latter is, of course, always

zero. Continuing €0 step (d), itis seen that the reflected stress pulse is opposite
to the incident pulse; thus compression has refiected as tension'and vice

versa. This stress reversal is a characteristic of the free ¢nd.

. Cgpsider the applied'pressure to be'a step pulse described by

- T . 0<t<T
pm=_{ P
os T<_f,

where the negative sign indicates compression, The propagating stress wave

e L o5, 1) = pls—a0), @32
before the first edd reflection. Now the response ot a particle at a typical
point to this stress pulse can be deduced from the results presented in §2.1.
In particular, eqn (2.1.12) shows that when the step stress pulse reaches
X = X, the particle will be brought from rest to the velocity

v(xo, 1) = —cop(xo—cot)[E



F16. 2.8. The response of three points along a bar subj
P (Based on Kolsky [18, p. 4‘5.]

Lvi” Sreotls mj‘ 4@( e

7 e
s T domping 4

vl
1 -



Lmai‘hld?kqj ll:tar_.{.
L“ﬁr‘hko{imo;zq & P ear ."w\?pqt.{ nf “/’kr-u w;v(;’

tmgihsr s s 1wmifay voed <.

\Z

I ————— ST A pea

JP] .,P)_ - o V'L :LO

=
WL&'\ -HNL VD'Zl r_,a”i'oLL oA t=0 , W ared /;mr/-pa(?aﬁ _/6
M - % 7{’7""‘ The /pd')\j- a{- c:.u'ch{.—‘

? U x4)= f(x-ct )+ 9 (K +c +)

Woxt) = ficx-ct) + 9u(x +Ct)

?:M. bt yyoho ore ‘M/ omd V[ =0,
V_g[dc'a’{a df- —f/\e_ hw'ur‘“ﬂ YB?( - I/

/

- =15 ! ’
NIK, ¢+ )= £ = = C £ (x-C,4 ) + c,a (Xx+c )

i 2y = —~ ’
E-ﬁ—- 0lX. 4 )= E E,fcx-c,{)'f' v((,{-(-C;'ffj

the snibek " conditten ke the _forn.

== C: -("fX) ¥ G, 3".()() = \/f
EAL'(x) + EA 9'(x) = o Y

'3
RETE SN Pre) q./x) = 0

EA £ () + EA9G, (x)=0



-Q{_ Maﬁ 3 ﬁ,-Py_gdl_ /&

I -FJ.’ = @1’ =0

4 / Vi
£ l_a-:_z Lo <x=dy)
rui‘{'mUﬁ shess ,fr_:a ’f. '_ 3.’ 74/7’-%25:.{,( é/

'{’uf 'rec‘FM?fu.[%w Wous géaf{/g

'3(1 , 9 hove Lo ffrug,nm A =0, bt it shoutd

L—L }u:a/eﬁw{ —;‘qu‘ i s ﬂﬂw@ry( /pmfaﬁai‘f‘m Weoure

3" tr J&{{WMA Ly

v

a.ﬁ;o, e vidks ok, volandvead .

ot He comtact 5"*'1"{1‘4, RN 2

e Nz,j[/-c c“l‘:‘m
_—

" _cledriluily met

‘f. moVe” acrers -(*'——'Qr,
- e e

the wovs g veflecks from He o ond o phe apt

(o 6.4)=0],
Y% %
J],_“Q__4 3 = C,(_.,.f"_;%")
"'\z ,I \ | G=Z (4'+x9")
N B SO
"?‘ 5 = :5.___——-—)-. '7——--9"- [
g '—’D*_.J. froe e
Lalr(-/—‘J y 9’ : dode va/ad"fj
V4
7 T T_V_LTr Stiess vevere .
e ‘ r o
y ()—4‘ ! ) 54?455--
M- 1 S = -




V=(- § '+ ') ¢,

T=E(£f'49')

,l(cn’ 'hn"b ol?Hm-n—\i CYOSs - section

—V

"Pl, A. , (“

-3 VZ-

"P’-‘AL, r,? .

vV, > Vo

G‘l
VS — |
AN e l (_ I
) g
t= <y A= /C‘.Z
A/ },.4,{![«; oo boedany - conslifion.
O , wo Y g: ———b—{t’
2 . _
LI 31 ‘?‘lj:-_ /
4- |
> { i
Al T
’-/ S |"{".;:*
e " %
f=- .=t ) —
£, X

iwfar-{ wi” 6 CC Uy,

'frmmssrm amd nf,(/“ﬂtf‘u« w:‘(/
sccar ot Fha m-f_qfaca {w each

L S—_ )




|\

fJ‘W ‘M'Q (,o//)pua,, )ﬂ‘ o]( ‘f’w}y\@ls

e v, Va 7(?*--'1‘4 |
[ | -
& . ! L, 0. dy

Sama  watswrad ( $#<ed )

g /f” -‘P-z.-"_ l"pl
d! :/-S-GI:. G;:..:'- {”
Chb = Co = 2x /04 M/f
Vi= V = 240 in/ V> =0
-
ot 4 =0
! ! v

\;}ﬂ'\-
I
ﬁg‘\
I
V)

Y-Q'f/-e C‘ll.raa{ Ow-79 - ypl KR

{!: 2 & E‘; A: - ; / C,A;Eb“ CZ_Aré;
r A E_. c 4_/9 ) f: gy: N f‘
A e =y - L&z M P IE: CL'fALELC.'
/
= 1384 4 BOLE L]

——e



&>
Non - A;Wr‘nwp?axal q,{ﬂ g’l/\a‘«‘ﬁ'ﬁ‘-ﬂg
?f '—-, Z'C( ] ; ' ' Vv,
v = 4 (-7[’8) 3(':—9':#5?
_ ] r | ﬁf!_ ﬁ/
V = 7 (£, ﬁ ) y= -¢, (é %

= s 2 r g = Lle (f'+ g
= f‘,C,V (‘f,ﬂ) 2 ﬁ/
=
il e—J
= Voo Fef
’ ' E = 'hJ—{--—
i g=f+*8
) !
. obibd |




~ 7 i <
N
A X A
s ~ | 7N 4
N | ~ /
i s s A s o e e N N
|
: 5
Ly '/d | ,0
A\ )I
|
|
|
! X
| S
1% Y5 0
,0‘}% '/ﬂ'):
|
I
I
: A3
o
,0}% d&ﬁ:
|
|
|
&
-36» : O
|
|
218 i .
ﬂf 2‘21
——— I p
G= §+3
Y B e [ /
ve-4+19

5 'riala'fward /vro/oqﬁﬂjf"g wav.e
8: neQJC‘llLuavol /)rd/?qﬁq:tfnﬁ Wave

1 ¢



2.7.3. The split Hopkingon pressure bar
An imental apparatus for obtaining d ic_anelastic material
@nﬁﬂ utilizes longitudinal elastic wave propagation in rods is calle
split Hopkinson pressure bar. Kolsky [19] first pro]i?cdtﬁiﬁ:m
mﬁ%asiuﬂy, the method consists of sandwiching
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F1g. 2.32. (a) Geometry and arrangement of strain gauges on impact bar for study of
longitudinal waves acrossa discontinuity; (b) experimental results for transmission from the
small end toward the large end; (c) results for transmission from the large to the small end.

(After Ripperger and‘Abramson [35], Figs. 2 and 4)
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Fic. 6.1. Plane wave, with wave normal n in the X, y-(vertical) plane advancing toward a
free surface.

—»w < X, } < 6o, a—,}g

plane. sfroms in XY //M
>

=0
—
U; = Ve + IX V¥

A plane £T70m cmolTlion, o l)L}‘Z) Cam be AT
wmont ﬁmc’l"ff/"‘ 5% X = %



$, +
= o o
w= 2 , 2h
W 2K+a‘2} e ¥ .
w/ =
AV = E—é_ﬁi g
29 X

}mch /9 ameh 5/ W aves - %, o K,L}
}«eff‘/ﬁ-f/te‘( P oand SV waves ~ 45; oL %4

wave § ore of m]f;;.,:]:_ hecun width
'ﬂw 7‘6%@&"%’ 67[ %_aa.e WwavR ¢ 15 ﬁz‘v..m }9/

b= &4 + P3
¢ = Wit ¢
b ¥ Saw‘w_f% [ w Thod éaz/g%m)
¢ .Y




2L

10
0-9
0-8
07
206
-
g os
=]
£ 04
03
02
C 0l
00 1 1 i 01}
( 40 50 60, 70 ,80 90 06
Incidence angle 6, (de P
10. 6.3. Amplitude ratios Ay/As, ByJA; for incident P waves, for various Poisson's ratios, - 1-08
with a ray representation of the reflection a'¢h shown.
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F1o. 6.4. F:eflecIEd wave a{nglitude ratios A,/B,, By/B, for incident SV waves and variou:
Poisson’s ratios, with the ray representation of the reflection also shown.



(a) .(bl
F16.46.5. (a) Incident SV waves at the critical angle and (b) greater than the critical angle 8,.

(b)
Fig. 6.6, (a) Reflections of pairs of waves, with A, = —A,, B, = B,, and (b) 4, = As,

B; - —B’.

(a) (b)

Fia. 6.7. Reflection of waves at grazing incidence with (a) P waves incident and (b) SY
waves incident.



