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Introduction

Why model seismic waves?

m Information about the material properties and structure of
the earth

m Loss estimation
m Future earthquake scenarios
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displacement, U

Sarah Verros

Capstone Final Project



Background

m FDMs were first use in the 1960’s
m Equation of Motion:

pUi —ojjj—f=0

p: material density, u;: particle acceleration, oj; ;: stress
tensor, f: forcing function

m Constitutive Relation: relationship between the stress and
the strain of a medium

1
O_I'j' = /ﬁ)ekk(s,'j =+ 2“(6’/ - §€kk6U)

K, i1, > bulk, shear, and elastic moduli, (A = x — §u), o
stress, e:strain

Sarah Verros Capstone Final Project

A Finite Difference Method for Modeling Seismic Wave Propagation



Method Derivation

m Displacement:

. 2
pUi = [(k = gi)Uicwl i + (pui) j + (i) + 1

m Let u, v, w be the x, y, z components of the displacement.
For ¢ € {u,v,w}, let® € {U, V, W} be the corresponding
approximation

¢(X/7 yju Zk7 tm) ~ qDI(:/]',/(
with uniform spatial step h and time step Af,

Xj = ih, y; = jh, zx = kh, t, = mAt
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Method Derivation

m Central difference approximations
Po _ P(x=h)—2¢(X)+¢(x+h) d¢ _ p(x+h)—¢(x—h)
ax2 h2 > dx T 2h

m Must account for mixed and non-mixed derivatives
Define auxiliary function ¢ = pu . Then

Giv1/2jk + Pic1/2,jk
ivjvk = h

dx

Gijk+1/2 — Pijk—1/2
zlijk = "

We need to approximate ¢;1/2jks ¢i—1/2,j.ks Pijk+1/2 @and
Gijk—1/2
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Method Derivation

m Non-mixed:

Gi1/2jk + Pic1/2,jk

b xlijk = h
Pit1/2jk = %“l'xm/z,f,k(ufﬂ’f’k — Uijik)
Di-1/2jk = %Mf_uz,/,k(ui,j,k —Ui1jk)
m Mixed:
b aliin = Gijk+1/2 ; Bijk—1/2

1
Pijkrt/2 = gpbijhet/2(Uint ket = Uintjreert

Uittjk-1 = Ui=1jk-1)
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Method Derivation

1

Uf’j},ﬂ = ﬁp\fﬂ,j,k( e — Ulje) = Noajuc(Ulie — U q k)
+ 2(pis k(Ui jk — Uljk) — izt jk(Uljx — U1 k)
+ u{f+1,k(Uh,T}+1,k - Uf’,r},k) - N{/—Lk(Ui’?},k - i,n}ftk)

V4 m m V4 m m
+ i1 (Uijkrr = Uij) = wij—1(Uij ke — Uij k1)

1
% m m m m
+ Z[)‘i,j+1,k(vi,j+1,k + Vi e = Vi — Vi jo1k)
y m m m m
= N,V e + Vigeaw = ViZa o = Vij-1.k)
z m m m m
+ At (Wiierr + Wik jaer — Wijer — Wity k1)

= Xjkt (W ser + Wil iern = Wiy s — Wi k)

11y (VT e+ Vi e = VT4 = Vo)

=y (VT ke VT = VT ok = VT k)

+ 1 (W e+ Wil jiepn = Wi e = W i)

= 1tk (Wi et + Wi an = Wi ey = Wi )l + R
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Method Derivation

1 1 T+t A
L2 9) = 5la (@ —0™)—a (6" —¢T)] & = h[/% Fealn

ye{x,y,z},ae{u \} o {U,V,W}

1
Lyn(a ¢)= W[a”+(¢’2"+ + @5
— 3. —d5) —al () + 95 — o7 — 93 )]
g ~2u - o+ 2
LXX(>\a U) + 2LXX(/'L7 U) + Lyy(/% U) + LZZ(;UJv U)

Lye(\, V) + Lax\ W) + Ly (1, V) + L W) + F5%
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Stability

Stability condition for a second order central difference formula
on the general equation of motion in an isotropic,
homogeneous medium:

h2
AP <
F= 22 1 282)02)

_ )\+2,LL . - . _ W
where a = ,/—p is the P-wave velocity and 3 = \/; is the
S-wave velocity.
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Results

Displacement Uatz = 2,1= 200 Displacement Uatz = 2,1=500

displacernent, U
displacernent, U

u
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displacement,
displacement
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Questions

Questions
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