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1.  │∂╘⌐ 

 

╛ ─ ╩ ∆╢ ≤⇔≡⁸∕╣╠╩ ∆╢ ─ ╛ ⌂≥⅜№╢⁹

─ ⌂≥╩ ∆╢ ⌐│ ₁⌂ ⅜№╢⅜⁸↓↓≢│ꜞ▪ꜟ♃▬ⱶ ⅜

⌂ ╩ √⌐ ⇔⁸∕─ ╩ →≡⁸∕─ ≤ ╩ ∆╢⁹ 

 

2.  ─ ⅎ  

 

2.1  

ⅎ┌ ╩ ⅎ╢≤⁸ ⌐│ ⅛╠─ ╕√│ ≢№╢ ≤

⅛╠─ ≢№╢ ─ ≤⇔≡⁸ ─ ─ ─ ⅜ ≢⅝╢⁹↓╣╩ ∆

╢≤⁸ ≤ ─ ─ ╩ ∫≡⁸ ⅛╠ ╕≢─ ╩

∆╢↓≤⅜≢⅝╢⁹↓╣╩C Complete Travel Time Tracer ≤ ∆╢⁹ ⌐│⁸ ╩

⇔≡⁸ ⅛╠ ╩ ⇔⁸ ≤─ ⅜ ⌐⌂╢ ╩ ╢↓≤⌐⌂╢⁹

─ ™⌂⅜♃כ♦ ⁸ │ ∕─╙─≤⌂╢⅜⁸ ⅜ ⌐⌂╢─│

⌂ ⌐ ∆╢ ≢№╢⁹≈╕╡⁸ ─ ∞↑⅛╠⁸ ╕≢─ ╩

∆╢↓≤⅜≢⅝╢↓≤⌐⌂╢⁹↓╣╩⁸E Easy Travel Time Tracer≤ ∆╢⁹E ≢ ₁⌐

⅛╠─ ╩ ⇔≡⁸ ╩ ∆╢↓≤╙ ⌐ ≤ ╦╣╢⁹⌂⅔⁸ ─ ≤

─ ─ ⌐≈™≡╙ ⌐ ⅎ╢↓≤⅜≢⅝╢⁹ 

 

2.2  

ꜞ▪ꜟ♃▬ⱶ R ≤ ∆╢ ╙ ─ ╩ ∆╢─⌐ ≢№╢⁹ 
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2.3  

↓╣│⁸ ⌐ ─ ─ ⅜ ⌐⌂╢ ╩╙∫≡⁸ ≤∆╢╙─≢⁸S

Simple Travel Time Tracer≤ ∆╢⁹↓─ ≢│⁸ ─ ⌐ ⅜ ╕╣≡™╢ ⌐│⁸∕─

╩ ⌐∆╢ ⅜ ⌐⌂╢↓≤⅜№╢⁹ 

 

2.4  

─ ☻Ɑ◒♩ꜟ─ ⅛╠ ╩ ∆╢ ≢⁸P ≤ ∆╢⁹ ≢│ ⇔ↄ

⇔⌂™⅜⁸ ⅜Dt ∞↑∏╣≡™╢ ⁸ f≤ f─ │ ≢ ⅎ╠╣╢⁹ 

f 2pf×Dt  

∆⌂╦∟⁸        Dt f/ 2pf 

 

3.  ⌂  

 

↓↓≢│⁸CERS ─ ⌐≈™≡ ═╢⁹╕∏⁸ ∆╢ ⌐≈™≡⁸ ─╟℮

⌐ ⇔≡⅔ↄ⁹ 

 

T(t)  

G(x, t) ⅛╠ ─ ⁸G(0,t) T(t) 

O(x, t) x─  

ɖ 1/m  

h %  

ɮ rad/s  

Ⱥt ◘fiⱪꜟ s  

V m/s  

Err(t)  

RE(t)  

TR(t)  

 

3.1 C  

─ G(x, t)│ ─╟℮⌐ ↕╣╢⁹ 

 

Ὃὼ,ὸ= Ὕὸ+
ὼ

ὠ
Ὡzὼὴ+‌ὼ+ Ὕὸ

ὼ

ὠ
Ὡzὼὴ ‌ὼ / 2 

 

 

⅛╠x ╕≢─ x/V │⁸◘fiⱪꜞfi◓ Dt╩ ⌐ ─╟℮⌐ ╦∑╢⁹ 

ὼ

ὠ
= Ὧῳὸ 

 

⅛╠⁸y(=iDtV)─ ⌐№╢ ≢─ H(i, j)│ ─╟℮⌐⌂╢⁹⌂⅔⁸t=jDtV≢№╢⁹ 

 

ὌὭ,Ὦ= ὝὮῳὸ+ Ὥῳὸ Ὡzὼὴ+‌Ὥῳὸὠ + ὝὮῳὸ Ὥῳὸ Ὡzὼὴ ‌Ὥῳὸὠ / 2 

ὉὶὶὭ,Ὦ= ὌὭ,Ὦ Ὃὼ,ὸ
2

 

 

↓↓≢⁸[*]│*─№╢ ⌐ ╢ ╩ ∆╢⁹ 
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≤ ⅜ ∆╢─│y=x─ ≢№╢⁹ ₁ ₁─j⌐ ⇔≡⁸Err(i,j)╩ ≤∆╢i│⁸

i=k≤⌂╢≤ ↕╣╢⁹≈╕╡◘fiⱪꜞfi◓ ╩ ⌐⇔√ ╩ ╢↓≤⅜≢⅝╢⁹

⌐│⁸ɖ│ ≢№╢⅛╠⁸ ╘│ ⇔≡⁸ ⅜ ⇔√ ⁸ɖ mȺ≤⇔≡⁸ ≤

⌐™ↄ≈⅛─m⌐ ⇔≡H(k, j)╩ ⇔≡⁸ ⅜ ⌐⌂╢m╩ ∆╣┌╟™⁹↓─ │⁸

∆╢ ─ ∞↑│ ╣╢⅜⁸ꜞ▪ꜟ♃▬ⱶ⌐ ≢№╢≤™℮ ⅝⌂ ╩ ∆╢⁹╕

√⁸ ⌂≥─ ╩◘fiⱪꜞfi◓ ╟╡╙ ↕ↄ∆╢↓≤│⁸ ₁─ ⌐╟∫≡

≢№╢⁹⌂⅔⁸ ɖ≤ h─ │ ─ ╡≢№╢⁹ 

‌=
“Ὤ

2Ὄ
 

 

↓╣│⁸ ─╟℮⌐ ⅛╣╢⁹↓↓≢⁸H│ ─ ↕╕√│ ─ ↕≢№╢⁹ 

x─ ─ Dx│⁸ 

Ὀὼ= Ὡὼὴ( ‌ὼ) 
 

≤⌂╡⁸ ɮ─ ─⁸ ─ ─ Dt│⁸ 

Ὀὸ= Ὡὼὴ( Ὤ(‫ὸ  
 

≤⌂╢⁹x Vt≤⇔≡ ╩ ∆╢≤⁸ 

‌ὠ= Ὤ‫ 
 

≤⌂╡⁸

=‫ 2“Ὢ= 2“(
ὠ

4Ὄ
) 

 

≢№╢⅛╠⁸ ─ ⅜ ╠╣╢⁹ 

 

3.2 E  

↓╣│⁸C ⌐⅔™≡ ╩ ⌐ ∆╢↓≤≢ ╠╣╢⁹ 

 

3.3 R  

┤√≈─ O(x,j)≤O(y,j)─ TR(j)│ ─╟℮⌐⇔≡ ∆╢↓≤⅜≢⅝╢⁹ 

 

ὙὭ,Ὦ= ὕὼ,Ὦ ὕzώ,Ὦ Ὥ  
 

ὙὼὮ= [ὕὼ,Ὦ2] 

ὙώὮ= [ὕώ,Ὦ2] 

ὝὙὮ=
max ὥὦίὙὭ,Ὦ ίὭὫὲ(ὙὭ,Ὦ)

ὙὼὮ ὙzώὮ
 

 

ὉὶὶὮ= min[ὉὶὶὭ,Ὦ] 

 

ὙὮ= [Ὃὼ,
2
] 

 

ὙὉὮ= ὉὶὶὮ/ὙὮ 
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┤√≈─ ⌐≈™≡⁸ i╕√│- i≤™∫√ ─ ─ ╩ ∆╢ ⁸ ≤⌂╢

╩ ╣ ⅎ╢↓≤⌐╟╡⁸ ╕≢─ ╩♃כ♦ ∫≡⁸ ─ ╩ ∆╢↓≤⅜≢⅝╢⁹

≈╕╡⁸ ⌂ↄꜞ▪ꜟ♃▬ⱶ⌐ ╩ ≢⅝╢⁹R(i,j)─ ╩ ≤∆╢i│⁸┤√≈─

O(x,j)≤O(y,j)─ ╩⁸◘fiⱪꜟ ╩ ≤⇔≡⁸ ⇔√╙─≤⌂╢⁹ ╩◘fiⱪ

ꜞfi◓ ⌐∆╢↓≤│ ⌂ ╩ ™╢↓≤⌐╟╡ ≢№╢⁹ 

 

4.4 S  

┤√≈─ O(x,j)≤O(y,j)─ i─ ─ ─ Err( j, j) │ ─╟℮⌐⇔≡ ∆╢

↓≤⅜≢⅝╢⁹ 

 

ὉὶὶὭ,Ὦ= [(ὕὼ,Ὦ ὕώ,Ὦ Ὥ)2] 

 

ὙὼὮ= [ὕὼ,Ὦ2] 

 

ὙὉὮ= min Ὁὶὶ(Ὥ,Ὦ) /ὙὼὮ  

 

┤√≈─ ⌐≈™≡⁸ ─ ⌐ ∆╢ ─ ─ ╩ ∆╢ ⁸ ≤⌂

╢ ╩ ╣ ⅎ╢↓≤⌐╟╡⁸ ╕≢─ ╩♃כ♦ ∫≡⁸ ─ ╩ ∆╢↓≤⅜≢

⅝╢⁸≈╕╡⁸ ⌂ↄꜞ▪ꜟ♃▬ⱶ⌐ ≈─ ─ ─ ╩ ∆╢↓≤⅜≢⅝╢⁹

─ ⅜ ≤⌂╢ i│┤√≈─ ─ ╩⁸◘fiⱪꜟ ╩ ≤⇔≡

╦⇔√╙─≤⌂╢⁹ ╩◘fiⱪꜞfi◓ ⌐∆╢↓≤│ ⌂ ╩ ™╢↓≤⌐╟

╡ ≢№╢⁹ 

 

4.  ─  

 

─ ╩ ╡ →⁸2011 ─ ⁸311 ≤™℮

─ ╩ ™√CERS ⌐╟╢ ╩ ∫√⁹ │⁸1969 ≢⁸1978 ─

╩ ⇔≡ ⅝⌂ ╩ ↑≡™╢⁹2000 ⌐│ ⌂ ╩ ↑⁸ ↕╣≡

™√⁹↓─ ─ ╛ ⁸ ⌐≈™≡│⁸ 1 ╛ 2)⌂≥╩ ↕╣√™⁹ 

1⌐ ─9F≤1F≢ ↕╣√311 ─ ╩ ∆⁹ 

CERS ≢─ ⌐│ ╩ ™⁸∕─ ─ │5 ⌐ ⇔≡™╢⁹╕∏C ⌐

╟╢ ╩ ─ ⌐╟∫≡ ↕╣√ ─ ╛ ─ ⌂≥≤ ∆╢⁹∕─

⁸CERS ≢ ↕╣√ ╩ ∆╢⁹ 

 

4.1 C ⌐╟╢ ≤╒⅛─ ─ ≤─  

2│ ⅜ ⇔√ ─ ─ 1)≤C ⌐╟╢ ╩ ⇔√╙─≢

№╢⁹⌂⅔⁸C ⌐╟╢ │⁸ ↕╣√9F≤1F ─ ╩4 ⇔√╙── ≤⇔≡ ╘

≡™╢⁹C ⌐╟╢ ⌂ │⁸ ⌐ ↕╣√ ⌐╟╢ ≤ ⇔≡™

╢≤│ ™ ™⅜⁸ ╕⅛⌂ │ ⇔≡™╢⁹ 

3│ ╠⅜ ◌ꜟⱴfiⱨ▫ꜟ♃כ⌐╟╢◦☻♥ⱶ ⌐╟╡ ⇔√ ≤ ─

─ 2)≤C ⌐╟╢ ╩ ⇔√╙─≢№╢⁹C ⌐╟╡ ⇔√ ⌐≈™

≡│ ╠─╙─≤╟ↄ ⇔≡™╢⁹C ⌐╟╢ ⌐≈™≡╙⁸ ╠─╙── ─╟℮⌐

⌂∫≡⅔╡⁸ ─ │ ↄ ⇔≡™╢≤™ⅎ╢⁹ 

C ⌐╟╢ │⁸ ─ ≤ ═≡⁸ⱷꜞⱢꜞ─│∫⅝╡≤⇔√ ⅜ ↕╣≡⅔╡⁸

╩ ≤↕∑╢╙─≤⌂∫≡™╢⁹≈╕╡⁸ ─ ≢⁸ ─ │⅛⌂╡─ ╩ ↑⁸

╘─ 80 ≢ ⌐ ↕╣╢⌐ ∫√↓≤⅜ ↕╣╢⁹ 
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1 ≢─311 ─  

 

 

 

2 132 ⌐№╢ ⌐ 

C ⌐╟╢ ─ ⁸ ╩ ⌡ ⅝⇔√╙─ 
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3 ≤ ─ 2 ─ ≤ ⇔√  

⌐C ⌐╟╢ ╩ ⌡ ⅝⇔√╙─ 

 

4│⁸9F≢─ ╩ ⌐ ⌐ ═√ ≢ ⇔√1F≢─ ≤ ╩ ⇔√

╙─≢№╢⁹ ╛ ─ ⅜ ⌂ 82 ╩ ╗ 60 60 ⅛╠120 ─

╩ ⇔≡™╢⁹ │ ⌡ ⇔≡™╢⅜⁸ ⅜ ⌂ ⌂≥≢│ ⇔≡™⌂™ Ⱨfi◒ ≢

⇔√ ╡ ⁹ ≤ ⅜ ⇔⌂™≤™℮↓≤│⁸ ⇔√ ⅛╠ ⇔≡™╢↓≤╩

⇔≡™╢⁹ ⌐83 ⅛╠85 ⌐⅔™≡ ⇔™ ⅜ ╘╠╣╢⅜⁸↓╣│ ─ ⌂≥≢9F≤1F≢

↕╣╢ ─ ⅜ ╦╣√↓≤╩ ⇔≡™╢⁹ 

5│ ─ ╩ ⇔√ ≢⁸ │ ╩ ⇔⌂™ ⁸ │ ╩ ⇔√ ╩∕╣

∙╣ ∆⁹ ╩ ⇔≡ ⅜ ⌐ ∆╢─│ ⌂≥⅜ ⅝ↄ ∆╢ ≢№╢⁹

─ ─ │ ⅜☻♥♇ⱪ ⌐ ⅝ↄ⌂∫≡⅔╡ ⌂ ╩ ↑√≤ ↕╣╢⁹ 

 

4.2 CERS ─  

6│⁸CERS ⌐╟╢ ─ ╩ ⇔√╙─≢№╢⁹ ≤ ⌐≈™≡ ⇔≡™

╢⁹C │ ⁸E │ ⁸R │ ⁸⅔╟┘S │ ≢ ⇔≡™╢⅜⁸R ≤S │╒╓ ∂

╩ ⅎ≡™╢↓≤⅜╦⅛╢⁹ ≢│R │S ⌐ ⌂∫≡╒≤╪≥ ⅎ⌂™⅜⁸NS ≢ S ─ ⅜

⅝ↄ ⌂╢ ╘╛ ╘─№√╡ ≢⁸R ─ ⅜ ⅎ≡™╢⁹ 

C9F1F-X_Fn

C9F1F-X_D

NS component

Natural Frequency

Damping constant

C9F1F-Y_Fn

C9F1F-Y_D

EW component

Natural Frequency

Damping constant
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4  C ⌐╟╢9F ╩ ™√1F ─ ≤ ─  
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5 C ⌐╟╢9F ╩ ™√1F ─ ─  

 

C │ ─╟℮⌐ ◌ꜟⱴfiⱨ▫ꜟ♃כ⌐╟╢◦☻♥ⱶ ─ ≤╟™ ╩ ∆⅜⁸CERS

⌐╟╢ ─ ≢│⁸∆═≡C ╩ ⌐ ⇔≡™╢↓≤⅜╦⅛╢⁹ │ ⅜ ⅝

ↄ ⌐R S ╙ ∂ ─ │ ⇔™⁹ │∆═≡─ ≢ ∂╟℮⌂ ≢№╡ ≤⌂∫≡

™╢⁹ ─ ─ ⇔↕│⁸ ─ ⅜ ⇔™↓≤╩ ⇔≡™╢╙─≤ ╦╣╢⁹E ⌐

╟╢ │⁸ ≤ ─ ─ ╩ ⇔≡⅔╡⁸ ─ ⌡C ─ ≤

⇔ↄ⁸9F─ ∞↑⅛╠ ╕⅛⌂ ⅜ ≢⅝╢↓≤╩ ⇔≡™╢⁹ 

─ │ ─ ⌂≥≤ ⇔≡⅔╡⁸ ─ ⌂ ≤⇔≡ ∆╢↓≤⅜≢

⅝╢⁹C ⌐╟╢≤⁸ ─ ⁸™∏╣─ ≢╙ 16 1/100 ⁸

≢№∫√ ⅜ ─ ≢⁸NS │ ⌐23 ⌐ ┘≡ ⇔⁸EW │24 ⌐

⇔≡™╢⁹ ─ ≢NS │30 ⌐ 32 ╕≢ ⇔⁸EW │28 ╕≢ ⇔≡™╢⁹

™∏╣╙∕─ │ ⌐№╢⅜⁸ ≢╙NS │27 ─ ≢№╡⁸EW │23

╕≢ ⇔≡™╢⁹NS ─ │ ─1/4⌐ ⇔√≤ ⅎ╠╣⁸ ─ ⇔↕⅜ ╦╣╢⁹ 

7│⁸R ⌐╟╢9F≤1F─ ─ ╩ ⇔√╙─≢№╢⁹ ─│∂╘─ ≢│™∏

╣─ ╙ 0.6─ ≢№∫√⅜⁸NS ≢│┤√≈─ ≤≤╙⌐ ⌐ ⇔⁸∕─

⌐ ⇔≡™╢ ⅜╦⅛╢⁹EW ≢│∕─ │NS ⌐ ═≡ ⌂ↄ⁸ │ ⌡⁸0.6

╩ ∫≡™╢⁹↓╣⌐ ⇔≡⁸NS ≢│80 ─ ─ ─ 0.8 ⌐ ╕∫√ ⅜⁸

140 ⅞⌐0.3 ↄ╕≢ ⇔≡™╢⁹∕─ ╩ ╡ ⇔⌂⅜╠ ⇔≡™╢⅜⁸ ⌡0.4 ╕≢

⇔⅛ ⇔≡™⌂™⁹↓─ ─ ╩╖≡╙⁸NS ─ ⅜ ⅝⅛∫√↓≤⅜ ╦╣╢⁹ 

 

5.  ─ ⌐ ∆╢  

 

5.1  

 │S ⁸ │P ⌐ ∆╢≤ ⅎ╠╣╢⁹ ≢│⁸P ≢│P ⅜ ⇔⁸

S ⌐S ⅜ ∆╢≤ ⅎ╠╣╢⁹↓╣│ ╙ ∂∞╤℮⁹⌂⅔⁸™∏╣⌐⅔™≡╙⁸ ─

╒⅛⁸ ╩ ™╢↓≤╙≢⅝╢⇔⁸ ⌂≥╩ ∆╢↓≤╙≢⅝╢⁹╕√⁸↓╣╠⌐ ⇔≡│⁸

CERS ─™∏╣╙ ≢№╢⅜⁸R ╛S ≢│⁸ ↔≤⌐⁸ ─ ╛ ⌂≥

╩ ⌐ ∆╢ ⅜№╢⁹ 

 

5. 2  
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6 CERS ⌐╟╢ ─  

 

 ╩ ⌐ ⇔≡ ⌐ ∆╢ │S SV ≤ ↕╣╢⁹ ⅛╠ ⁸╕√│

∕─ ⁸⌐ ⅛∫≡ ╩ ⌐ ∆╢↓≤⌐╟∫≡P ─ ⅜⁸↓╣⌐ ⇔≡ ⌐

∆╣┌S SH ─ ⅜ ≢⅝╢⁹ ⌐⅔™≡│⁸ ─ ╛ ⅜ ≢№╢√╘⁸

─ ≤⇔≡│⁸ ⅜ ™ R ⅛ ─ ↕ↄ S ⅛≈ ⅜ ≤⌂╢

╩ ∆╢↓≤⌐⌂╢⁹ 

 

5. 3  

 ⌐⁸ ≢│ │S ╕√│ → ⁸ │ ─P ⁸ ╡ │S ≤

ⅎ╠╣╢⁹↓╣╠⌐ ⇔≡│⁸CERS ─™∏╣╙ ≢№╢⅜⁸R ╛S ≢│ ─

╛ ⌂≥╩ ⌐ ∆╢ ⅜№╢⁹ 

 

(a) NS component
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(b) EW component
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