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CHAPTER 1
INTRODUCTION

Seismic wave are the form of energy waves which are generated by either due to the
sudden breaking of rocks inside the earth’s surface or due to some explosion or can be
even caused by some vibrational disturbance caused inside or on the earth and can travel
several kilometres within some second just like tsunami travels through the ocean, or

the sound travels through the air. The types of seismic waves are shown in Fig. No. 1.1

P-WAVES
BODY-WAVES S-WAVES
SEISMIC-WAVES L-WAVES
SURFACE-WAVES
RAYLEIGH
WAVES

Figure 1.1 Types of Seismic Waves

Rayleigh wave carries about 66% of the total energy of seismic waves. Rayleigh wave
is the most hazardous one as the vast majority of the destruction and shaking occurring
from an earthquake is due to Rayleigh waves only, which is always greater than the
other form of waves. Hence it is most important to understand the velocity of Rayleigh
waves and the displacement produced by them. As energy is lost at every instant of time,
therefore, an attenuation factor is to be considered which varies with many factors and

one of them is found to shape factor.



CHAPTER 2
SHAPE FACTOR

Shape factor refers to a particular value which is affected by an object's shape and is
independent of its dimensions and hence is also called as shape modifiers. It is a value
by which physical properties (eg: the moment of inertia) of an object gets affected. In
most of the design codes, the bearing capacity of two different loads like that for circular
loads is assumed similar to square loads. In this way, the shape factors of the numerical
axially symmetric (round) solution can be compared with the shape factors for square
loads (B=L).

Various scientist like Terzaghi, Meyerhof, Hansen, Vesic, etc. have done various
research related to shape factor. Terzaghi (1943) test are based on the results of the tests
performed by Golder (1941), Vesic (1967) republished by Fang (1990), assumed failure
surface was identical to Terzaghi's but at an angle which is inclined angle and results of
all differs with one other all these have done their research considering soil to be elastic-
plastic and some of them considered water table factor to calculate the various properties
of soils. The work of above scientist cannot be used as they are limited to a particular
case only or have not considered the effect of all the parameters. But Schmertmann et
al. (1978) did all the work in the soil as elastic and his work is been used for an elastic
type of soil since then.

However, the equations Schmertmann Et Al. (1978) used; are found to be more suitable
results for shallow foundations. But among all of the above scientists, none have
considered soil to purely elastic except Schmertmann et al. (1978). Hence using

Schmertmann et al. (1978) shape factors values.

SF = fi(m, 1) + fo(u,m, 1) (2.1)
_ (1-2w)

SF =F, +F, [—(1_”) (22)
s 1

f1(n, 1) :;(Ao +A;) (2.3)

F, =Ztan™' 4, (2.4)
y (1+mwm)

Ao = l"( POV D) (2.5)



_ (n’1+\/m2+1)\/1+ﬁ2)
Ay =In ( AR D) (2.6)
m
4 = VD (2.7)
QL
m=_ (2.8)
s H
=2 (2.9)
L <1+ %2+1) %2+%2 <§+ §2+1) 1+%2 H ~ L
SF:— Eln B Y +In T T + ﬁtan 1 +2 (210)
™ Han ) Han i) ™ g(1+ L)

For exact values of shape factor, see Appendix-II which provides value of shape factor
for different values of 111, 1, F;, F,. One of the most important and commonly used values
for shape factor for elastic medium is of Schmertmann as shown in Eqn. (2.10) which
is a function of poisson’s ratio also and this equation or shape factor values are induced

in the value of Rayleigh waves.



CHAPTER 3

NUMERICAL SOLUTION OF ENERGY OF RAYLEIGH WAVES

Rayleigh waves exist close to the limit of an elastic-half space and have both

longitudinal and transverse movements which reduce exponentially as the distance from

surface increases. A plane wave passing from an elastic prismatic member is considered.

In this z is positive towards downward direction as zero is assumed on the surface of the

earth and the boundary of elastic-half space is assumed to be x-y plane. Here, w and u

are the displacements due to Rayleigh waves in the direction z and x, respectively. Both

the displacements are independent of y. Therefore,

_ 09  d¢
_6x+az
_ 09 _9¢
T 9z ox

where 1 and ¢ are two potential functions. The dilation € can be defined as

v ow

_ ou ad
E=€,+€, +6,= + +5;
As we know,

v

3 = 0

Therefore,

e= (224 o) (20 20)
€= (6x2 t dxdz +(0) + 9z2  dxdz

e= (29) +(22) = v2g

0x2 0z2
Rotating the x-z plane, Eqn. can be written as,
— _du ow _ (9% 624))_ 2
Zwy T oz ax (Oxz) +(622 =V
From the eqn. of motion for compression wave,

p(E8) =+ =+ 6(v7u)

2
92 0€
p(55) = A+ 62 +G(Vw)

Substituting Eqns. (3.1), (3.5) in (3.7) yields

(3.1

(3.2)

(3.3)

(3.4)

(3.5)

(3.6)

(3.7)



0 (20 2 (%) _ 9 (y2 9 (2
pax(6t2)+paz(6t2)_(/1+ZG)6x(V (Z))-I_Gaz(v (P)

In a similar manner, substituting (3.2), (3.7) in (3.9)

p2(29) - pZ(28) = (4 +26) 2 (V?0) - G = (V2p)

ax \at2
Equations (3.10) and (3.11) will be satisfied if

1 (22) = @ +26) 2 (v?0) = v2, V%0

@ (32) = ) @) = v2, 770

Considering sinusoidal wave which is moving in positive x-direction.
Assuming the solution be expressed of @ and ¢ as

{(25 = F(z) expli(wt — fx)]
@ = G(2) expli(wt — fx)]

where G(z) and F(z) are considered to be functions of depth

21
f - wavelength
i =v-1

Substituting Eq. (3.14) in (3.12) and solving, we get
—w?F(z) =v?p[F"(2) — f?F (2)]
Similarly,
—0?G(z) = v*[G"(2) — f2G(2)]
Solving further gives,

{F(Z) = Ale_qz + Azeqz
G(Z) == Ble_sz + Bzesz

where A4, A,, By, B, are constants and

q_z_l_“’_z
2 V2
p
52_1 w?
2 V2
N

as F(z) and G(z) cannot approach infinity therefore A,, B, = 0 therefore,
{F(Z) = Ale_qz
G(Z) == Ble_sz
therefore,
{(D = Aje” " expli(wt — fx)]
¢ = Bie % expli(wt — fx)]

(3.8)

(3.9)

(3.10)

(3.11)

(3.12)

(3.13)

(3.14)

(3.15)

(3.16)

(3.17)

(3.18)

(3.19)

(3.20)

(3.21)



Applying boundary conditions for retaining wall at z=0, 0, = 0,7, = 0,7,, =0

We know that,

0, = AE+2Ge, = e+ 26 (aa—”Z”) =0 (3.23)
a a
Tox(z=0) = GVzx = G (ﬁ + a—w) =0 (3.24)

From (3.1)- (3.2), (3.11)- (3.29) put values of all and solving, we get

w? w2 A+2G w? 2 w?
16 (1 - vpzfz) (1 - vszfz) - [2 - ( G )vpzfz] [2 - vszfz] (3.25)
Wavelength = velOCiZ)y of wave _ wvr (3.26)
/27‘[ /27‘[
Therefore,
( VTZ
Vg2 =V
ﬁ_ 2172
vp? - 4
L2 = At+26 (3.27)
p
G
VSZ = ;
_ (u6)
\ " T (1-2p)
g2 =Y - 6 _ (-2 (3.28)

vpZ  A+26 (2-2p)

Substituting above values in Eqn. (3.30)

V6 —8V* — (16a2 — 24)V2 — 16(1 — a?) = 0 (3.29)
6 aud (a-2p] 2 _[a=2m]\ _
ve—svt—(16[ o] —24)vi—16(1-[=l]) =0 (330)

Equation 3.29 is a cubic equation in V2. For a given value of Poisson’s ratio, the value
of V2 can be found and hence v, can be determined in terms of velocity of p-waves
(vp)or velocity of s-waves(vy).

For displacement of Rayleigh Waves, put (3.21) in (3.1) and put B;in terms of A; we

get,
u=IifA;(—e % + si%e‘sz)exp [i(wt = fx)] (3.31)
w=A4,q(—e ¥ + %e‘”)exp [i(wt — fx)] (3.32)



Rate of attenuation of displacement along x-direction with depth z will depend on the

factor U where,

2
S
Fzt1

= ( e qZ) _|_( 2qs e—sz) — (_e—(%)(fz)) +

2+f2

%‘ e P2y 533

Rate of attenuation of displacement along z-direction with depth z will depend on the

factor W where,

W = (—e q2)+( 2f? —sz) (—e ()(fz))+

L] @D @

52+f2 f_2+1
where,
@ _q_ @ vt
p=l-ys= 1 = 1— a?V? (3.35)
;_221_§: _%:1_]/2 (3.36)
Put Eqn. (3.13) in Eqn. (3.33) and (3.34), we get
s qa\(s s s
U = (e Dty M] ()i, 537
f_2+1
_ o )y 4 ] (o)), 538
f2+

we know that,

Intensity of load transmitted to the subgrade can be given by Q = (3.39)

N SN

The coefficient of subgrade reaction k. can be given by k = (3.40)

Therefore from Eqn. (3.48) and (3.49) we get,
_ |k _ Q  _ w mg g
wavelength = \/; = \/(ZS)m = \/A(Zs)m = \/A(Zs)m = \/A(ZS) (341)

g= acceleration due to gravity= 9.81m/s’

Here,

A= area of the shape under consideration = Shape factor * unit area = SF

Therefore Eqn. (3.46) and (3.47) becomes

q\(21z/(SP) (zs) 2q s 212/(SF)(z5)
1= OETD, OO T,
Ak




_(ﬂ)(an,/(SF)(zs)) ) _(i)(Zn:z,/(SF)(zs))
W= (-e o N+l Vv o o (3.43)
f_2+1
Energy= Potential Energy + Kinetic Energy (3.44)
Energy= Work done for displacement+ Kinetic Energy (3.45)
Energy= Force * displacement + Kinetic Energy (3.46)
Energy= Mass * Acceleration*Displacement + Kinetic Energy (3.47)
Energy= Mass * V?Fli(:ity * Displacement +% * Mass * (velocity)? (3.48)
Energy _ Velocity . 1 . 2
e~ mime Displacement + S * (velocity) (3.49)

Rate of attenuation of energy per unit mass is given by E

E=Vx+U)+ % *(V2and E =V * (W) + ; * (V)? along x-direction and z-direction
respectively. So, the final equations with effect of shape factor on energy with the help

of Eqn. (4.50) and (4.51) will become:

q

q\(2nz/(SF)(zs) 2(9)(s (s (2nzy/(SF)(zs)
Ex =V % ((_e_(f)( Jg )) + [%l (e (f)( Je )) ) + % * (V)Z (3.50)

2
2
S
ztl

=V (me D s

q\(2mz/(SF)(zs) _ (s (21z/(SF)(zs)
)( )) + [ l (e (f)(

&y + 2% (V)2 (3.51)
Here, Eqn. (3.50) is Rate of attenuation of energy per unit mass with depth and shape
factor variation in horizontal-direction and Eqn. (3.51) is for rate of attenuation of
energy per unit mass with depth and shape factor variation in vertical-direction.

Using the value of shape factor of Schmertmann et al. (1978) from Eqn. (2.10) in Eqn.
(3.50) and (3.51).

. Exatz 2 E,atz
Energy Ratio E, = — and E, = —=
Eyxatz=0 E; at z=0

(3.54)



4+ % x (V)2 (3.52)




((
2 2 2 2 2 2 2
<1+ L ) L <g+ L ) ol (g e )/ W
q)|27z ||1| L a-2p)| H -1
(f) 77 || Bl +In + a—w || =5 tan In (zs)
L L% p? L L% g2 L L% g2
Bl 1+ |5 +5 +1 Bl 1+ |5 +5 +1 Bl 1+ |5 +5 +1
E,=Vx*x{4{—e >+
L \ J
( 2 2 2 2 2 2 2 1\ )
<1+ 5 +1> lL;, +g <§+ % +1> 1+% <§+ % +1> 1+%
s\|2rz ||1| L (1-2w) H 1
(f) 77 || Bln +In +[(1 0 || 7B tan Inf —+——t— (zs)
L L% H? L L% g2 L L% p?
, Bl 1+ |5 +5 +1 Bl 1+ |5 +5 +1 Bl 1+ |5 +5 +1 )
> qe o I (V)Z (3.53)
s2 4 2
f2
\ J

Eqn. (3.52) and (3.53) represents the rate of attenuation of energy per unit mass with depth and shape factor variation in horizontal-direction and

in vertical-direction with the value of shape factor of Schmertmann et al. (1978) respectively.
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RESULTS & DISCUSSION

CHAPTER 4

11

A Cohesionless elastic soil is being considered whose Poisson’s Ratio is varied or

changed as per Table 4.1 and foundation window or prismatic element is considered for

different L/B and H/B ratios i.e. 1, 5, 10, 100 and for different poisson’s ratio also i.e.
0.25,0.29,0.33, 0.40, 0.50.

Displacement in x and z direction is considered and an elastic half-space and include both

longitudinal and transverse motions.

Neglecting complex values of V, different values of different properties obtained are

listed in tables below.

Table 4.1 Lame's constant for different Poisson’s ratio

Poisson's Ratio

Lame's Constant/ Shear Modulus

0.25 1
0.29 1.38095238
0.33 1.94117647
04 4
0.5 INFINITY
Table 4.2 Velocity Ratio for different Poisson's Ratio
Poisson’s 0.25 0.29 0.33 04 0.5
Ratio
V. -0.919401687 | -0.925843 -0.932023 | -0.942195 | -0.955313
V. 0.919401687 | 0.925843 0.932023 | 0.942195 | 0.955313
V. -1.776147669 | -1.89697 - | -1.90698 - | 1.92765 - | -1.96606 -
0.16459211 | 0.266301i | 0.399607i | 0.567196:i
V. 1.776147669 1.89697 + | 1.90698 + | -1.92765 + | 1.96606 +
0.1645921i | 0.266301i | 0.399607i | 0.567196i
\'2 -1.999999999 | 1.89697 - | 1.90698 - | -1.92765 - | 1.96606 -
0.1645921i | 0.266301i | 0.399607i | 0.567196i
V. 1.999999999 -1.89697 + | -1.90698 + | 1.92765 + | -1.96606 +
0.1645921i | 0.266301i | 0.399607i | 0.567196i

11
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Table 4.3 Shape Factor for different L/B & H/B ratio for Poisson's Ratio = 0.25

Poisson’s Ratio= 0.25 n=H/B=1 n=H/B=5 n=H/B=10 | n=H/B=100
m=L/B=1 0.15583333 | 0.13333333 | 0.13166667 | 0.13083333
m=L/B=5 0.44216667 | 0.5705 0.55733333 | 0.54516667
m=L/B =10 0.50066667 | 0.76983333 | 0.78666667 | 0.76133333
m=L/B = 100 0.55533333 | 1.02133333 | 1.21166667 | 1.51783333

Table 4.4 Shape Factor for different L/B & H/B ratio for Poisson's Ratio = 0.29

Poisson’s Ratio= 0.29 n=H/B=1 n=H/B=5 n=H/B=10 | n=H/B=100
m=L/B =1 0.15427465 | 0.13104225 | 0.12933803 | 0.12848592
m=L/B=35 0.44158451 1 0.56841549 | 0.55470423 | 0.54221831
m=L/B =10 0.5003662 | 0.7685 0.78456338 | 0.7583662

m=L/B = 100 0.55529577 1 1.0211831 | 1.2113662 | 1.51571127

Table 4.5 Shape Factor for different L/B & H/B ratio for Poisson's Ratio = 0.33

Poisson’s Ratio= 0.33 n=H/B=1 n=H/B=5 n=H/B=10 | n=H/B=100
m=L/B =1 0.15252985 1 0.12847761 | 0.12673134 | 0.12585821
m=L/B =35 0.44093284 | 0.56608209 | 0.55176119 | 0.53891791
m=L/B =10 0.50002985 | 0.76700746 | 0.78220896 | 0.75504478
m=L/B = 100 0.55525373 1 1.02101493 | 1.21102985 | 1.51333582

Table 4.6 Shape Factor for different L/B & H/B ratio for Poisson's Ratio = 0.4

Poisson’s Ratio= 0.4 n=H/B=1 n=H/B=5 n=H/B=10 | n=H/B=100
m=L/B =1 0.14891667 | 0.12316667 | 0.12133333 | 0.12041667
m=L/B =35 0.43958333 |1 0.56125 0.54566667 | 0.53208333
m=L/B =10 0.49933333 |1 0.76391667 | 0.77733333 | 0.74816667
m=L/B = 100 0.55516667 | 1.02066667 | 1.21033333 | 1.50841667

Table 4.7 Shape Factor for different L/B & H/B ratio for Poisson's Ratio = 0.5

Poisson’s Ratio= 0.5 n=H/B=1 | n=H/B=5 | n=H/B=10 | n=H/B=100
m=L/B =1 0.142 0.113 0.111 0.11
m=L/B =35 0.437 0.552 0.534 0.519
m=L/B =10 0.498 0.758 0.768 0.735
m=L/B = 100 0.555 1.02 1.209 1.499

12




Table 4.8 Alpha Value for different Poisson's Ratio

13

Poisson’s Ratio Square of Alpha Alpha

0.25 0.333333333 0.577350269
0.29 0.295774648 0.543851678
0.33 0.253731343 0.503717523
04 0.166666667 0.40824829
0.5 0 0

Table 4.9 s/f and g/f for different Poisson's Ratio

Poisson's Ratio (s72/fA2)=(1-V~2) g”2/fA2=(1-(ALPHA*V)A2)
0.25 0.154700538 0.718233513

0.29 0.142814739 0.746466331

0.33 0.131333127 0.779591988

0.4 0.112268582 0.852044764

0.5 0.087377072 1

All the graphs show the variation of energy with depth for five different Poisson's ratios

(0.50, 0.40. 0.33, 0.29. 0.25) and with different shape factors i.e. for different L/B and

H/b ratios. Here we will get four different components of the energy of Rayleigh waves

among which two represents horizontal displacement and the other two represents vertical

displacements. Further, among these two displacement components, they are divided on

the basis of velocity components which can either be negative or positive.

13
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Figure No 4.6 Energy Ratio VS Log(H/B) for poisson’s ratio = 0.5 at different depths.
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CHAPTER 5

CONCLUSION

Since P waves travel faster than all other waves, they arrive first, then S wave and then
the Rayleigh waves arrive but the ground displacement produced by them is of much
higher than any other waves. The disturbance amplitude of Rayleigh waves decreases
gradually with distance. Actual Rayleigh wave velocity is calculated as a function of

either P wave or S wave.

The point where the waves strike the prismatic member or element the energy will vary
with depth as shown in the graphs. After a number of plots and comparison of each result

various conclusions were drawn:

e Energy components either horizontal or vertical are a replica or mirror image of
themselves and all of the four components converge about a depth of 4 meters i.e.
with increases in-depth the effect of the energy of Rayleigh waves will be more.
Hence for a particular Length to Width ratio, we need to have proper depth so that
the effect of Rayleigh waves can be avoided.

e The Rayleigh waves moves radially outward inform of a cylindrical wave front.
Equation 3.46, 3.47 shows that the path of the particle in motion is same to an

elliptical motion with major axis normal to the surface.

With proper analysis for a high risked earthquake zone, with knowledge of soil properties,
we can get the desired shape factor value and hence the dimension of the foundation or

retaining wall can be chosen properly to ensure maximum safety.
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APPENDIX-I
LIST OF SYMBOLS

Abbreviations

Positive Downward

Displacements in The Directions X
Displacements in The Directions Z
Potential Function

Potential Function

Lame’s Constant

Spring’s Constant for Elastic Support
Static Deflection

Load

Area of The Foundation

Shear Modulus

Shear Wave Velocity

Compression Wave Velocity
Rayleigh Wave Velocity

2
wavelength

1/T
Vg

Functions of Depth

Functions of Depth
Dilation
Rate of attenuation of displacement in x-direction with depth

Rate of attenuation of displacement in z-direction with depth
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Length to Width ratio

Height to Width ratio

Length of the prismatic element
Width of the prismatic element
Height of prismatic element

Coefficient of Subgrade Reaction

24



10.

11.
12.

13.

25

REFRENCES

Bornitz, G. (1931). “Uber Die Ausbreitung Der Von Groszkolbenmashinen
Erzeugten Bodenschwingen In Die Tiefe.” 1st Ed., Springer Verlag, Berlin.
Bowles, L.E., (1996). Foundation analysis and design, 5th Ed., McGraw-hill,
New York.

Das, BM. (2013). Advanced soil mechanics, 3rd Ed., Taylor & Francis, New
York.

Das, B.M. and Luo, Z. (2016). Principles of soil dynamics, 2nd Ed., Cengage
Learning, Stamford.

De Beer, E.E. (1970). “Experimental determination of the shape factors and the
bearing capacity factors of sand.” Geotechnique, 20(4), 387-411.

Gupta, S., and Liu, W. (2007). “Prediction of vibrations induced by underground
railway traffic in Beijing.” Journal of sound and vibration, 310, 608-630.

Hall, J.R., and Richart, F.E. (1963). “Dissipation of elastic wave energy in
granular soils.” Journal of the Soil Mechanics and Foundations Division, 89(6),
27-56.

Kramer, S.L. (2008). “Performance-based earthquake engineering: opportunities
and implications for geotechnical engineering practice.” Geotechnical
earthquake engineering and soil dynamics IV, 1-32.

Meyerhof, G.G. (1951). “The ultimate bearing capacity of foundations.”
Geotechnique, 2(4), 301-332.

Sharma, M.L. (1998). “Attenuation relationship for estimation of peak ground
horizontal acceleration using data from strong-motion arrays in India.” Bulletin
of the Seismological Society of America, 88(4), 1063-1069.

Steinbrenner, W. (1934). “Tafeln zur setzungsberechnung.” Die StraBe, CiNii, 1.
Taiebat, H.A., and Carter, J.P., (2002). “Bearing capacity of strip and circular
foundations on undrained clay subjected to eccentric loads.” Geotechnique,
52(1),61-64.

Van Baars, S. (2014). “The inclination and shape factors for the bearing capacity
of footings.” Soils and Foundations, 54(5), 985-992.

25



26

14. Zhu, M. and Michalowski, R.L. (2005). “Shape factors for limit loads on square
and rectangular footings.” Journal of geotechnical and Geoenvironmental

Engineering, 131(2), 223-231.

26



Influnce of shape factor of prismatic element on energy of

raylei

gh waves

ORIGINALITY REPORT

9.

2% 6% 7%

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

Lord Kelvin. "Initiation of Deep-Sea Waves of
Three Classes: (1) from a Single Displacement;
(2) from a Group of Equal and Similar
Displacements; (3) by a Periodically Varying
Surface-Pressure", Proceedings of the Royal
Society of Edinburgh, 2014

Publication

3%

Submitted to Shanghai World Foreign
Language Middle School

Student Paper

2

Stefan Van Baars. "The inclination and shape
factors for the bearing capacity of footings",
Soils and Foundations, 2014

Publication

1o

www.wutecgeo.com
Internet Source g < 1 %
Zhu, Ming, and Radoslaw L. Michalowski. <1 o

"Shape Factors for Limit Loads on Square and
Rectangular Footings", Journal of Geotechnical



and Geoenvironmental Engineering, 2005.

Publication

mafiadoc.com

n Internet Source < 1 %
Submitted to Raymore-Peculiar High School

Student Paper y g <1 %
www.learner.or

n Internet Source g < 1 %

n Submitted to Netaji Subhas Institute of <1 o
Technology °
Student Paper
Submitted to Kingston Universit

Student Paper g y <1 %
Submitted to Westwood College

Student Paper g <1 %

Su.bmltted_ to _B|rla Institute of Technology and <1 o
Science Pilani
Student Paper
www.onepetro.or

Internet Sourcep g < 1 %
Submitted to Montgomery High School

Student Paper g y g <1 %
Submitted to Trinity Christian School

Student Paper y <1 %




www.mgnet.org <1 Y
(0]

Internet Source

-
(o)}

www.sciencebuddies.org <1
0

Internet Source

—
N

Submitted to Oak Hills High School

Student Paper g <1 %
hdl.handle.net

Internet Source < 1 %
Submitted to University of Edinburgh

Student Paper y g <1 %

repositorio-aberto.up.pt
Inte':]et Source p p < 1 %

E
—

Submitted to Saint Leo University <1 o
(0)

Student Paper

B
N

Exclude quotes On Exclude matches <10 words

Exclude bibliography  On



