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Stress and Strain: Hooke’s Law
Young’'s Modulus

If & Hookean msaterial is subjected to @ uniaxial compression or tension, the lincar

relationship between the applied stress o and resulting strain £ is given by
g = Ee 24)

where the constant of propontionality £ is termed Young s modulus. As this constant directly
relates resultant strain to a given stress, it seems probable that rocks with different values
for E may well have different vebocities.

“longation € is the change in length of a line in its final or deformed state divided by
its original length

E = 2-5)

Stress and Strain: Poisson’s Ratio,
Bulk Modulus
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Stress and Strain: Bulk Modulus,
Rigidity Modulus

Finally, it is possible to deform a solid by simple shear (

-6, In this case a sl
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Stress and Strain: Equivalence

strain yis induced by applying a shear stress o, The ratio of thewe quantities is the rigidity
modulis G

= (2-8)

If we pause for 2 moment 10 consider Hookean materials, it seems ressonable o pro-
pose that the quantities £, g1, K, and G reasonably thoroughly define elastic behavior and,
therefore, must be imporant factors in governing the speeds with which disturhances travel
through Easth materials. Fortunately, values for all of these quantities can be determined in
the labomtory, Some representative values for common rock types are given in Table 2-1.
As you might guess, these four quantities are not mutually independent. Specifically, G and
K can be defined in terms of £ and p:

G= — (29
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Components of Ground Motion
induced by P-Waves
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Components of Ground Motion
induced by S-Waves
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P-Wave Velocities
of Earth Matierals

TABLE 2-2 Powave Velocities .
Unconsolidased Materals Ciber
Weathered layer 1009000 SK0-6000 Water  1400- 1600
250600 S300-6400 Al 3315
S00-2000 5007000
Clay 11002500 Sandsione s shale 20004500
Sund Limestons M-8
Unsaturated 2001000
Saturatod S00-2200
Sasd and gravel
005000
001500
4001000
Saturatod 0
Comgucted 12002100
Velocities in mvs
Vehocity ranges compiled from Press {1966, p. 195-218)

Rules of Thumb
for P-wave Velocities

Insaturated sediments have lower values than saturated sediments,

Inconsolidated sediments have lower values than consolidated sediments.

= Velocities are very similar in saturated, unconsolidated sediments.
* Weathered rocks have lower values than similar rocks that are unweathered.
* Fractured rocks have lower values than similar rocks that are unfractured.

Rules of Thumb
for S-wave and Surface Wave
Velocities

In some field studies we also will want to estimate velocities for S-waves and
wed during exploration work, so we

are

Vi = 0.6V, for erystalline rocks
¥y = 0.5V, for sedimentary rocks (214
V, = 0.4V, for soils and unconsolidated materials @14

Ve = 0.9V,




Propagation of Wavefront

Angle of Incidence &
Angle of Reflection

Figure 2-11 Using Huygens' princi 0 demonstrate that the angle of incidence oguals
the angle of reflection (8, = 8, ). Analysis detailed in the text.

Angle of Incidence &
Angle of Reflection




Angle of Incidence &
Angle of Reflection

By referring to Figure 2-12(b), we can state that the time (path
ray b travel from A through some point O o B is

ancefvelocity) for a

In order to determine the minimum value of time 1, we take the first derivative of the func-
tion and set it equal o sero;

d x _ (s-x) .,
dx  Vix ey Vils-2F + v (2-16)
Using the reluionships
sinf) = - and sinfly, = — 2-17)
( : (s
‘we see that
- ""Lf’-‘ 0 and, therefore, 6, = 0, (2-18)

“Thus, the path for which the time of travel is least is the one for which the angle of inci-
dence equals the angle of reflection.

Angle of Incidence &
Angle of Refraction

Angle of Incidence &
Angle of Refraction

The construction in Figure 2-13 is essentially the same as in Figure 2-11, except here
we deal with refracted rays. When ray 1 arives at point A, it creates a disturbance in the
material with velocity V.. The disturbance spreads outward in this Layer and will wravel a
distance o, during the time 1, it 1akes ray 3 to travel from point X 10 point ¥ (a distance d,
Wi construct the position of the new wavelront at the moment s
aline connecting ¥ and & (which is the tangent 1o the wavelet with radius o, that ws

ated a1 A). Because
) i, ]
sinfy = 2 and sind, = 2 (2:19)
A¥ AY
d =¥, and  d =V, (2-20)
it holds that
. ¥
AY = < ang 06 _ ¥ 221
sinf, sindl, V.




Angle of Incidence &
Angle of Refraction

Angle of Incidence &
Angle of Refraction
When a ng Fermat’s principh s that we did

for the reflect When examining Figu ¢ o know what
e o C as it passes through an
f dif vel : n we write an equation

for a ray to travel from A through B to C:

S M (L ) S o | (223

(x=-x)

V(s ) + 2

in the

nstants as they e

and  sin @,

Qs

sinfl, W
0 and, therefore, =L (2-25)

sin B, sin 8,

v [ sin W,

Reflections and Refractions




Reflections and Refractions




