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ABSTRACT 

 

Since ancient times, the coastal areas of China have always been characterized by 

high population, developed economy and convenient transportation. However, there is 

meanwhile higher-level tsunami hazard than inner lands. For recent years, the studies 

about the tsunami hazard analysis have been progressing gradually, but most of them 

gave the qualitative analysis with the deterministic method. Because of some key steps 

of PTHA (probabilistic tsunami hazard analysis) need to be improved, the key problems 

need to be effectively solved, there have been less quantitative evaluations with the 

probability analysis method. So this thesis focuses on determining the key parameters in 

PTHA, improving PTHA method and evaluating the sensitivities in PTHA. Finally the 

tsunami hazard maps are complied along the coastal areas of China. The major works 

are detailed below. 

(1) Determine the key parameters in PTHA. At first several empirical relationships 

between magnitude and fault length, width, slip are summarized. By comparing their 

suitable magnitude range, suitable regions and actual application situation, it is 

suggested the one given by Papazachos et al. (2004) is suitable for the parameter 

estimation in local and region tsunami sources in China, in addition to compare its 

empirical values with actual values of several destructive tsunami occurred recent years. 

As scenario tsunamis with the maximum magnitude of the potential local tsunami 

sources, it simulates the largest influence along Chinese coastal areas by tsunami waves 

and calculates the affected range of coastal areas with the most dangerous cases. The 

affected ranges for each local tsunami source are proposed. 

(2) Improve the key PTHA method. The exceedance probabilities of the different 

tsunami waves in three sites in Dayawan are calculated by using the traditional PTHA 

method. It can be found there still some shortages in traditional PTHA method: the 

uncontinuity of the discrete magnitude interval can induce the discrete distributions of 

tsunami waves; there is no point considering the space randomness where earthquakes 

occur in potential tsunami sources; the uncertainties are not considered reasonably. In 

order to solve these problems above, this thesis propose a improved PTHA method 

based on Monte Carlo technique. The magnitude and the location of epicenter in 

potential sources are took random samples for many times instead of magnitude 

discretization step in traditional PTHA method. Finally, use new method to calculate the 

exceedance probability in the same sites for comparing. It suggests that the new method 

can effectively improvethe shortages of traditional method. 

(3) Analysis the sensitivities of input parameters in PTHA. We study the sensitivity 

of bathymetry data to the numerical simulation of earthquake tsunami in the South 

China Sea. These data sourced from  SRTM, ETOPO, GEBCO has been used 

commonly in public. We take the Manila subduction zone as the potential tsunami 
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sources. The results show that the differences between different kinds of bathymetry 

data have a negligible influence on tsunami numerical simulation; the errors of 

bathymetry data themselves do not affect the simulated wave amplitudes, but obviously 

affect the wave phases. It can be concluded that the bathymetry data has slightly 

influence on the tsunami simulation while large-grid (low-resolution) bathymetry data is 

used in numerical simulation. The present opening bathymetry data may satisfy the 

demand on numerical simulation of tsunami propagation in open seas. 

(4) Compile the tsunami hazard maps along coastal areas in China. The PTHA 

analysis in 1480 sites along southeast Chinese coasts is took by using the improved 

method based on Monte Carlo technique. Totally, there are 640 scenario tsunamis 

simulated in 2 potential region tsunami sources and 8 potential local tsunami sources. 

According to the simulated results, a series of maps associated with the exceedance 

probability curves for 1m, 2m, 3m, 4m and 5m in 1 year, 10 years, 50 years and 100 

years are compiled respectively. And a map associated with the return period for 1m, 

2m, 3m, 4m and 5m waves is also compiled. 

 

Key words: earthquake tsunami, local tsunami, probabilistic tsunami hazard analysis, 

numerical simulation, Monte Carlo, sensitivity, tsunami hazard map 
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1.1  ӎ 

ȁ ȁ ꜚ̆ ₯ȁ

ꜚ ֟ ΐ Ȃѿ , 

ΐ ȁ ȁ ץ ֓ ᴆ
[26]Ȃ ֟ ҹ№ץ ҹ

(Trans-oceanic tsunami)ȁ (Regional tsunami) ҹ

(Local tsunami)
 [18]Ȃ 

҉ ̆ 1-1Ȃ 

1-1 
[3]

 

  (m)  

1917-6-26 ֒  26  

1933-3-2 ҈  29  

1946-4-1   35  

1960-5-22 ≠ 25  

1964-3-28 ⱴ  70  

1979-10-16  3  

1992-9-1 ⱴ  11  

1993-7-1  5  

1994-6-3 қ  60  

1998-7-17 ֒ ₃ῤ֒ 49  

2004-12-26  10  

2011-3-11  23  

 

ⱬҺ ᵬ ⱬ ᵣ ҉ Ҋ ̆ ֟

ל ҹ ᵣꜚ ↓ ᴰ ⌠ Ȃ 1-1

₮̆ ῃ ̆ Ҍ ῃ ῃ 90%

Ԋᴆ [18]Ȃ 

҉ Ԋᴆ ԅ ᵀץ Ȃ ҕ ҉ ⌠

̆2000 25 ̆ῒҬ Ҭ

Ȃ ֓ ױ ⌠ ₯Ԋᴆ̆ᵖӞҌ

Ȃᴧ ̆ ץ

̆ ≢ ץ ̆Ҭ ⌠ԅ ̆ᶛ ̆

ȁ ȁ ȁ ȁ ȁ ̆ ҹ

Ҭ Ȃ ҹῃ └ ȁ

Ҭ ̆ῒ GDP ȁֲ GDPȁ ₮ ȁ ȁ ῤ ῀

῀ῃ ╠↓ ↓ῃ ̕ ↕ ҹ
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Ȃ ѿᶛ ҹ Ҭ Ȃ 

֦ ṿ ₮ ≢

₯ [9]Ȃ Ӈ ѿҊ ⌠ ₯

̆ ̆ ᵥ ‖₯Ȃ2011 3.11 ֲ֙

҆̆ ҉ ַ ᾝȂ Ҍֽֽ ̆ ᴪ Ȃ

ѿ ₯̆ ҕ ᴪ Ҍ֒

ԍ 2011 Ȃ ᵀ ᵬ ׆̆

‰ ₮ ᴇ ̆ҹ ȁ ҍ

⅞ҍ ᶫ Ȃҹ №

῏ ̆ ‗ ῏ ̆ ᴇ

̆ └ Ȃ 

1.2   

1.2.1  ғ  

1947 ̆

( Tsunami Travel Time)ץ ̆ ῤ ץ ṿ

Ȃ ֟ ̆ᴰ ҈ҩ Ȃ 

ԍ ֟ Ӈ ̆ Ӈ ֟ ̆ᴰ ̆

№ Ȃҹԅ ̆ ȁ ᵀ̆ ₮

ԅ ԍ ᴰ ȂҺ ̔ 

1 ԍ Ȃ ѿ Ҭ ѿҩ

Tohoku TUNAMI - N2 , TIME( Tsunami Inundation 

Modeling Exchange) ⅞ ԍҕ Ҭ[17]Ȃ NOAA

Ҭ ( NCTR) MOST ̆MOST ⱴ Synolakis 

Titov ̆ῒ ⱬԍ ᴆ

ᴰ ץ̆ ̆ ᵀ Ȃ ̆ ̆ ⱳ ԍ
[42]Ȃ Cornell COMCOT Ȃ ԍ

№ Ȃɒ ̆ ῌ ⅞ Ҭ̆ [40]̕ 

2 ԍBoussinesq , ῖ Boussinesq ץ

Boussinesq ̕ 

3 ԍ ῃ ל ̕ 

4 ԍNavier- Stokes Ȃ ֓ Ҭ, ԍ , 

ῒ Һ ╠2
[17]Ȃ 

ԍ҉ ṿ ᴆ̆Ҍ №

῏ ,ᶛ ̔Annaka ₮ԅѿҩ ̆
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ҹ ᵀ̆ ץ ҹᶛ № [23]ȂTonini

≠ ̆ ῒ

№ ץ ₯[76]ȂWilliam №

ᵀ ῌ ̆ ₮ ῌ [58]Ȃ

Rikitake ṿ ⌠ ѿ ₯

№ ̆ ₮ ԓ ҹ 41%[61]Ȃ 

Geist ̆

Ṣ № № [32]ȂDavid

ӊ ≠֒ ᵀ̆ ԍ ֒

̆ ԍῒז [25]ȂTinti ԍ

ӎ ’Ҋ̆ ṿ ≠ № ̆ ₮

ᵀ̆ ≠ Ҭᴚ ֒ ֒̆ ֒ ֒

̆ ⱴ ⱴ ֒ ֒ ⌠ ₯ ̆ ֒

֒ ↕ [73]ȂBrink ₮ № ̆ ҍ

₮ [69]Ȃ 

̆ ṿ ̆ ῃ ҩ

ԅ № ̆Ҋ ῃ №ҹ ҩ № Ȃ 

≠֒қ ֒  

Mohammad ᴚ ץ ̆ ̆

Makran ᵀȂ

1000km Markran Έ Ms8. 3 ̆ Markran

Ȃ ₮ ᴚ ₮ ̆ ⌠ 9. 6m Ȃ

4- 9. 6mȂOman 3- 7m̆ 1- 5m̆Markranқ 1- 4. 4mȂ ₮ᴚ

5m 50 ҹ 17. 5%Ȃῒ ץ Oman

1- 2mӊ 50 ҹ 45%[39]ȂDavid ԅ Sunda Arc Ḳ‖

≠֒ Һ S̔umatra, Java Sumba № ̆

Java ῒז ̆Exmouth ΐ ̆

D̆ampier Broome ᵞ̆ ῒ̆

Java ֟ ̆ ҹ Ӝ ҉ץ ᴪ ֟

҉ [25]ȂFinn қ ץ ̆ Һ

’ ̆ №ᴪ ⌠ 2- 4m

₯̆Illana Bayᴪ ⌠ 3- 5 m ᵝ̆ ᵝᵞԍ 2
[53]Ȃ Ӟ ԅ

- ̆ ҹ 50- 100 ᵞԍ 8. 5

Ҍᴪ֟ ԍ 3m
[52]ȂStrunz ₮ԅ ֒

̆ ₮ [65]Ȃ 

http://adsabs.harvard.edu/cgi-bin/author_form?author=Tonini,+R&fullauthor=Tonini,%20R.&charset=ISO-8859-1&db_key=PHY
http://adsabs.harvard.edu/cgi-bin/author_form?author=Tonini,+R&fullauthor=Tonini,%20R.&charset=ISO-8859-1&db_key=PHY
http://link.springer.com/search?facet-author=
http://www.bssaonline.org/search?author1=T.+Rikitake&sortspec=date&submit=Submit
http://link.springer.com/search?facet-author=
http://link.springer.com/search?facet-author=
http://link.springer.com/search?facet-author=
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Geist қ ⱴּי ȁ ȁ ῤ

№ ̆ ₮ ( ⱴּי ֒ ) 8. 0

ҹ 285 ̆ 8. 5 ҹ

800- 1000 ̆ ҹ 600- 3000
[33]ȂLucinda ⱴ қ

№ 5̆0 1. 5m ҹ 2%- 10%̆

ⱴ қ ̆ ҹ 475- 2475, ҈ ֽᴪ ⌠ ῌ

̆ῒ ҹ 2%- 10%̆ ҹ 475- 2475
[48]ȂZahibo ⱴּי

↓ 24 ԅ

∆ № [80]Ȃ 

Ҭ  

Fokaefs Ҭ қ Cyprean Levant

№ ̆ ҹ ԍ Ҭ ῒז ̆

ᵞ ̆Ҭ ̆ ̆ ᵀ ҹ 30 ̆125 ̆375 ̆50

Ҭ ̆ ̆ ₮ ѿ ҹ 0. 81, 0. 34, 0. 13
[30]ȂPapadopoulos

ҹ ԍ 5. 5 ֟ ̆

50 ѿ TI>2, 3, 4 №≢ҹ 0. 851, 0. 747, 0. 606̆

ҹ 16, 40, 103
[56]ȂSørensen Ҭ ̆ ≠̆ ̆ ῒ̆

≠֒̆ ≠֒ ₮ ᵀ ̆ ץ ԍ

Ҭ ῒז ̆ ⌠ ̆5m100 10%̆ 1m30

ҹ 15%- 20%[67]Ȃ 

 

Power ԅ ̆ ῌ

№ ̆ ῌȁ ≠ȁ ȁⱴ≠ ֒ ᴪ

ῌ Ȃ ԍ ῌ қ ץ ⌠

̆100 ῤ 84% 4- 6m ₯ қ ̆ ’ᴪ

12m ₯ ῌ [58]ȂAnnaka №

ᵀ̆ ץ ֟ ̆ ȁ

≠ № [23]ȂThio қ ֒ № ᵬ̆ ԅ

ȁ ȁ ȁ ̆ ₮ԅ ̆ ֒̆

̆ ⱴ ̆ ֒ [71]ȂLiu Ҭ ԅ

№ ̆ ҹҬ ̆ ᴪ ⌠ ̆

100 ῤ ⌠ 2m ₯ ҹ 10%[50]ȂLucinda ⱴ

№ ̆ ԍқ ̆ ⌠ ₯ ԍ

қ ̆℗ ҩқ Ȃ50 1. 5m 10%̆ Ҥ
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70%̆ ҈ ҹ 10%- 40%̆ ҹ 98- 475
 [48]ȂGonzalez

ⱴ≠ ֒ ԅ № ᵬ̆

₮ԅ [35]ȂTinti ⱴ≠ ֒

№ ̆ ⱴ ⌠ ₯ ԍⱴ≠ ֒ [72]Ȃ

Wong ḇּיῧ ԅ № ̆ ₮ԅ [78]ȂMazova

Ẋ ̆ ᴰ ̆

ᵀ ̆ 3- 9m
[63]ȂGeist

ԅ №
[32]Ȃ 

 

 
1- 1 ⅎ  

 

1-1 ₮ԅῃ ᵀ Ȃ ₮̆

№ ṿ ԍῃ ҩ ץ̆ ᵀ Ȃ

№ ̆ᶏ ᵀᴪ

ԍ ̆ Ȃ 

1.2.2  Ὺ ғ  

ṿ ᴆ ץ̆ ⱴ̆ Ӟ

ԅ № ῏ Ȃᶛ ̔ 

֦ ԍCOMCOT ԅ
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ṿ ₮ԅ ≢ ₯
[9]Ȃԍ 1994 ṿ ̆ ῒ ԍ

ṿ [18] Ȃ 

 Boussinesq , ‖ қ

, ԅ ῤҌ [20]Ȃ

№ , ᴰ Boussinesq
[19]Ȃ 

№ ̆ ᵬ ׆

ѿ ⌠ № ̆ⱴ῀Ҍ ̆

Ȃᶛ ̔ 

↔ Ҭ

ᵀ̆ ₮ԅҬ № ’Ȃ 100 2.0m

ҹ10.12%̆ 1.0m⌠2.0m ҹ17.19%[50]Ȃ ᴋ

№ ԅ , ₮ԅ №

↕( PTHA), ҉, Ṣ № ( PSHA), ԅ

№ Һ [13]Ȃ 2004ץױז ҹ

ᶛ ᴰ ṿ ԅ [14]Ȃ 

֓ ̆ᵖ ԍ ‰ №

Ҍ ̆ ӎ ̆ ԍῃ ׂ

Ȃ ‗ ѿ Ȃ ԍ ∆ ᴰ Ҍ ̆

ץ ṿ └ ῒ

ȂҤ ᵝ ѿ ᵌ ̆

̆ ῀ ꜚⱬ ̆ ѿ

ԍ ѿ Ȃ 

1.3  Ӏ  

ѿ ̆ Ȃ׃ ץ № ҹ ӈ Ȃ

̆ ῤҍ ᵬ ̆ ᵬ

Ȃ ׃ Һ Ȃ 

ԋ ̆PTHA ῏ Ȃ № ̆ ῐ

Ȃ ױ ’

( ) ̆ῒ ̆ ̆ᵖ

№ ᵬ ̆ ῃ ̆ ֓ ῤ ̆

̆ᵖ ԍῒ ῒ Ӟ Ҍ Ȃ

Ӈ ԍ ̆ ῃ ᵀ ̆ᴋ ᵝ

ᴪ֟ ᵬ ̆ ⁞ҹԅץ ᵬ ̆ ̆
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ῒ № Ȃ ҉ ṿ

ῒ ץ̆ № ᵬ

Ȃ ҹ ֟ Ҍֽ ̆

└ ҍῒ ∆ ᵝ ῏ ̆ ṿ

╠ [1]̆ Ḡ Ὲ ‰ ̆

ԍ ṿ Ȃ ץ ԅ ̆ ̆ ̆

Ὲ ̆ ץ ѿ Ὲ Ҭ

Ȃ 

҈ ̆PTHA ῏ Ȃ ᾢ׃ ԍ №

(PSHA)̆ PSHA ׃̆ PTHA ̆ ԍ ֒ ҈ҩ ⌠

Ȃ ԍᴰ PTHA Ҍ ̆ Ạѿ֓ ̆ ῒҬ

№ ԍ Ȃ

ԍ ֒ PTHA ᶛ№ ̆ ₮ ҍᴰ PTHA

̆ PTHA ᴨ Ȃ 

̆PTHA № Ȃ ׃ PTHA Ҭ ⌠

ṿ Ȃ ṿ ᴰ Ҭ ᶭ

№ Ȃ Ҍ ӊ (ETOPOȁGEBCOȁSRTM) №

ץ № Ȃ 

ԓ ̆ └Ȃ ҈ ₮ PTHA ̆

̆ ̆ ̆ қ̆ ̆ ȁ

̆ ₮ ⅞ ̆

└қ 1mȁ2mȁ3mȁ4mȁ5mץ 1 ȁ10 ȁ50 ȁ100

ҹ № ץ 1mȁ2mȁ3mȁ4mȁ5m № Ȃ 

Έ ̆ Ȃ ᵬ ̆

Ҍ ȁ ȁ ᵬȂ 
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ԑ   PTHA ῗ  

2.1   

∆ ̆ ̆ ṿ ӊ╠

‰ ᵬȂᴧ Ԋᴆ ΐ Ҍ ̂ ̆

̃̆ ңҩ ԊᴆӞᴪ Ҍ ̆ Ӈ ᵥ

֓ ̆ Ȃ ṿ ̆

῀ ’ ̆

№ ᵬ ̆ ṿ Ԋᴆ ȁ ̆ Ӈ

ᵥ ῀ ̆ ױ Ҍ Ԋᴆ ⌠

Ὲ ̆ ῀ Ȃ Ӈ ԍ ῀

Ὲ ᵥ ̆ Ҋ Ȃ 

ԅ № ̆

ӊ҉Ӟ№ ԍ҉ ̆ᶛ ̆ ȁ

Ȃ ԍ ԍ ῤ ̆ѿ ̆ ᵞȂᵖ №

ᵬ ̆ ῃ ̆ ֓ ῤ ̆

̆ᵖ ԍῒ ῒ Ӟ Ҍ ̆

Ӈ ֓ Ӟ

֗ № ̆ ѿ ᵬȂ 

2.2   

ҹԅ ῒ ̆ ῒ ’̆ №

№ ҍ Ὲ Ȃ

῏ ̔ 

Papazachos [57] ῃ ̆№ ̆ẁ Ḳ‖

̆ ₮ ̆ ̆ ҍ ῏ ̔ 

    ̔ 

 ̆  ̂2-1̃ 

 ̆  ̂2-2̃ 

 ̆  ̂2-3̃ 

 

    ẁ ̔ 

 ̆  ̂2-4̃ 

 ̆  ̂2-5̃ 

 ̆  ̂2-6̃ 

 

30.259.0 -= MLogL 0.80.6 ¢¢M

49.023.0 -= MLogW 0.80.6 ¢¢M

59.468.0 -= MLogu 0.80.6 ¢¢M

86.150.0 -= MLogL 5.70.6 ¢¢M

70.028.0 -= MLogW 5.70.6 ¢¢M

82.472.0 -= MLogu 5.70.6 ¢¢M
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    Ḳ‖ ̔ 

 ̆  ̂2-7̃ 

 ̆  ̂2-8̃ 

 ̆  ̂2-9̃ 

 

Wells Coppersmith[77]Ӟ└ ԅ ₮ԅ ҍ

̆ ӊ ῏ ̔ 

̔ 

 ̆  ̂2-10̃  

 ̆  ̂2-11̃  

 ̆  ̂2-12̃  

ẁ ̔ 

 ̆  ̂2-13̃  

 ̆  ̂2-14̃  

 ̆  ̂2-15̃  

Ḳ‖ ̔ 

 ̆  ̂2-16̃  

 ̆  ̂2-17̃  

 ̆  ̂2-18̃  

 

Tatehata [68] ₮ Ҋ Ὲ ԍ

ⱵҬ̔ 

 ̆  ̂2-19̃  

 ̆  ̂2-20̃  

 ̆  ̂2-21̃  

 

Ӟ ῏ ԅ ᵬȂ қ [4] ⌠ ꜚ

ῃ ᵀ ̆ ױ қ֒

ҍ ῏ № ̆ῒҬқ֒ ‖ Ὲ ̔ 

 
 

̂2-22̃  

 
 

̂2-23̃  

 
[8] ԅ ԍ - ῏

̔ 

 ̆  ̂2-24̃  

 ̆  ̂2-25̃  

 

ῒҬ Mҹ ̆Lҹ (km)̆Wҹ (km)̆ uҹ (m)Ȃ 

҉ ῏ Ҭ̆Papazachos Wells Coppersmith Ὲ

19.255.0 -= MLogL 3.97.6 ¢¢M

63.031.0 -= MLogW 2.97.6 ¢¢M

78.464.0 -= MLogu 2.97.6 ¢¢M

57.262.0 -= MLogL 1.88.4 ¢¢M

76.027.0 -= MLogW 1.88.4 ¢¢M

32.690.0 -= MLogu 1.88.4 ¢¢M

88.150.0 -= MLogL 3.72.5 ¢¢M

14.135.0 -= MLogW 3.72.5 ¢¢M

45.463.0 -= MLogu 3.72.5 ¢¢M

42.258.0 -= MLogL 6.78.4 ¢¢M

61.141.0 -= MLogW 6.78.4 ¢¢M

74.008.0 -= MLogu 6.78.4 ¢¢M

90.150.0 -= MLogL 6.78.4 ¢¢M

20.250.0 -= MLogW 6.78.4 ¢¢M

40.350.0 -= MLogu 6.78.4 ¢¢M

46.143.0 -= MLogL

29.463.0 -= MLogW

832.1498.0 -= MLogL 8.7¢M

231.2501.0 -= MLogW 8.7¢M
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№ Ҭ ⌠ԅ ̆ᶛ ̔ 

Løvholt Wells Coppersmith Ὲ №

ꜛ ̆ ₮ 50 100 ᴪ

Ԋᴆ [52]ȂIchinose Ὲ Lake Tahoĕ

California-Nevada № ₮ ᴪ֟ 3-10m [47]Ȃ

Ten Ὲ қ № ₮ қ

Mw 7.5 [70]ȂTinti ҉ Ὲ ԅ

№ [74]ȂLiu Ҭ № ₮

100 2m ҹ 10% [50]ȂLorito Ҭ

№ ̆ Ҭ ̆ ѿҩ

ԍԍ ᴇҍ [51]ȂGeist Ὲ ₮ԅ

№ ԍ ȁ ȁ [32]Ȃ 

Papazachos ῏ № Ҭ Ԋᴆ Ҭ

⌠ԅ ̆ᶛ ̔ 

Ruangrassamee № ̆ ᴪ Ҭ ȁ

ȁ ȁ ֟ [62]ȂSuppasri № ̆ ₮

25ֲ҆ ⌠ 9m [66]Ȃ Ҭ ̆

ԅ № ᴴ֙ᵀ ȂGubler Ԋᴆ

ᵀ̆׃ ԅѿ Ҍ ⌠ № ᶫ
[36]ȂYanagisawa ᵀҬ ⌠ԅ҉ Ὲ ̆ ₮≠

֒ḇ ҳ [79]ȂTatehata ⌠ԅ

Ὲ (2-19)̆(2-20)̆(2-21)[68]Ȃ 

    Ӈ Ҭ № ѿ Ὲ ץ̆

Ḡῒ Ȃ 

ᾢ̆ Tatehata Ὲ ₮ ̆

ԍ ̆ Ҭ Ҍ Ḡ ῒ Ȃ ӇҊ

Papazachos ҍ Wells Coppersmith Ὲ ̆ ҹ ױ ԍῃ

⌠ Ȃҹ ̆ ҉ Ὲ └ ̆ 2-1Ȃ 
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2-1 ҍ Ҍ ῏  

 

 

 

2-2 ҍ Ҍ ῏  
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2-3 ҍ Ҍ ῏  

 

₃ ̂ 2-1̃ҍ Ὲ ̆

҉ ҍ № Ὲ Ҍ ̆ғ

’ Ȃ׆ Ҭ ץ ₮ֽ̆ Papazachos ‖ Ὲ ⌠ԅ 9

)҉ץ № )̆ ғ

Ԋᴆ (2-7)̆(2-8)̆(2-9) Ȃ ⌠ Ὲ ҉

⌠ Ҭ̆ғᴧ № ѿ ҹ ‖ ץ̆

Ԋᴆ̆ № (2-7)̆(2-8)̆(2-9)ᵬҹ

Ὲ ץ Ԋᴆ∆ Ȃ 

 

2-1 
[41] 

   (km) (km) 

2007-12-09 ֒ 9.1 1480 592 

2011-03-11  9.1 475 200 

2012-04-11  8.7 820 300 

2010-02-27 ≠ 8.9 600 187 

 

2.3  ⅎ  

ף ⅞ [21] ₮ Ḥ ̆ ѿҩ

‖ Ȃ ‖ №≢№ ȁ ȁ ȁ

Ȃқ Ḥ 2-2̆ ᵝ 2-4Ȃ 
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2-2 ꜠  

 
 

 
(km) 

 

(km) 

 

 

(km) 

(°)  
ẁ  

(°)  

 

(°)  

҉  

(Muz) 

 

1 51 71 20 58 60 90 8 

2 74 71 20 57 60 90 8 

3 59 71 20 53 60 90 8 

 
1 92 71 20 65 60 90 8 

 

1 75 50 20 47 60 90 7.5 

 

1 130 50 20 188 60 90 7.5 

̇ Ҭ

 
1 52 50 20 74 60 90 7.5 

 
1 135 50 20 63 60 90 7.5 

 

2. 4   

҉ Ḥ ̆ Ԋᴆ ṿ Ȃ COMCOT

ᴆ̆ ̆ қ̆ ҈ Ȃ

0.1£( ) ѿ ̆№≢ ѿҩ

 
2-4 Ҳ  
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’Ȃ Ԋᴆ ҹ ҉ (ѿ ҉ ף

̆ ҉ Ҍ

)̆ ҹѿ ԅ ̆ ץ

̆ᴋ ᵞԍ ѿ

ῤȂ 

ץ ҹᶛ̆ ᶏ Ὲ ₮ Ԋᴆ ᴰ

Ȃӊ ץ ̆ ҹ

ҍ֟ ῏ ̆ ץ

̆ Ҍᴪ Ȃ

∆ ᵝ 2-5 2-6Ȃ 

 

  

2- 5  ⅎ  2- 6  √ ᵣ  

Ҳ ⅎ ᶡЇ ҿ ғ ɼ 2- 7 2- 34 

 

₮̆ ֟ Ҍ Ҭ ῃ ̆

ᵝ ᴪ ̆ῒזᵝ Ҍ ̆ ᵞ

ԍ 0.1mȂ ҉ ׆ ⁞̆ ̆ Ȃ

ץ ᴯ Ҭ ֟ ᵞ ≢̂ 1m̃ᵬҹ∞ ‰̆

ץ ̆ ֽ₮

25£N 120£E Ȃῒז Ȃ ҉

Ҋ̔ 
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2- 7 1  

 

2- 8 1 ⅎ  

 
 

2- 9 2  

 

2- 10 2 ⅎ  

 
 

2- 11 3  

 

2- 12 3 ⅎ  

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

18 19 20 21 22 23 24 25 26 27
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2- 13 1  

 

2- 14 1 ⅎ  

 
 

2- 15 2  

 

2- 16 2 ⅎ  

 
 

2- 17 3  

 

2- 18 3 ⅎ  
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2- 19 1  

 

2- 20 1 ⅎ  

 
 

2- 21 2  

 

2- 22 2 ⅎ  

 
 

2- 25 3  

 

2- 26 3 ⅎ  
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2- 27 1  

 

2- 28 1 ⅎ  

 
 

2- 29 1  

 

2- 30 1 ⅎ  

 
 

2- 31 1  

 

2- 32 1 ⅎ  
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2- 33 6  2- 34 6 ⅎ  
 

̆ ȁ ̆ № ҉

̆ᶭ ҹ 1 ȁ 2 ȁ 3 ̆ 1 ȁ 2 ȁ 4

Ȃ 2-1̆ Έ ̆ ғῒ ҉

ѿ ̆ ⁞ ̆ ץ ӊױז 1 6

̆ ҹҬ ᴪ ң Ȃ 

҉׆ ̆ ṿ № ᵝ ̆ ғ

̆ ᵞ̆ ᵞ Ȃ ᴪ

ᵝ ₮ ṿ̆ᵖ Ҋ № ̆

ѿ ҌᴪἝ Ӈ Ȃ 

׆ ѿҩ №≢ ̆ ↓ ῃ ᵞԍ 1m̆

⌠ 8mȂ Ȃ ӊ

ץ ӊ ̆ ҉ ҹ 8 ̆ ᶏ ̆ ᵣ

▲ Ȃ ̆ץ ԍ ( 8m)̆ ( 4m)̆

( ԍ 1m) ῏ Ȃ 

Ҋ ↓₮ԅ ̆ № ⌠

Ȃֽᶫ Ȃ 

 

װ) 2-3 ↔ⅎ) 

  ᴍ 

 21.8 ºN~22.3ºN қ 

1 21.6 ºN~22.2 ºN қ 

1 22.8 ºN~25.6 ºN қȁ  

2 22.6 ºN~25.2 ºN қȁ  

3 22.7 ºN~25.3 ºN қȁ  

 23.4 ºN~23.6 ºN қȁ  

 23.1 ºN~25.5 ºN қȁ  

 22.9 ºN~23.2 ºN қ 
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2. 5   

₃ ҍ ȁ ῏ ҉̆

ױ ȁ ץ ᶏ ’̆ ғ ῏

ҍ ₃ ̆ ԅ Papazachos ‖

Ὲ ԍ ᵀ ȂҌ

̆ ⌠ Ὲ ̆ ԍ ̆

₮ Ὲ Ȃ ⌠ ῏

ᴇ ᵬҬ ̆ ̆ ≢

̆ қ Ὲ № ᶏץ̆ № Ҭ

Ԋᴆ ⱴ ’Ȃ 

№ Ȃץ

҉ ᵬҹῒ ᶛ ṿ №̆ Ȃ

№ ֟ 10 ῒ̆

ԅ ҉ ȁ ȁ Ȃ

₮ԅ ̆ ꜛԍ

№ ᵬȂ 
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Ҏ   PTHA ῗ  

3.1   

ҕ ⌠ ₯̆ ῏ ̆

№ ῏ Ȃ ∆ ̆ ṿ

̆ ԍ ‰ № Ȃ №

(PTHA) Ṣ ԍ № (PSHA)̆ ԍ

̆PTHA ץ Ȃ PSHA

ҹ ̆ᵖ ⌠ ȁ ȁ ҍ

ȁPTHA Ṣ PSHA Ҭ ֓῏ └ ȁⱴץ Ȃ 

׃ PSHA ᴰ PTHA ץ̆҉ ᶛ ᴰ PTHA

Ҍ ӊ ̆ ѿ ץ ̆ҹ ԓ ῃ

└ᵬ‰ Ȃ 

3.2  PSHA  

Cornell
[29] ₮ № ӊ ̆ ҉Ḃ ץ №

ץ̆‰ ⌠ Ȃ ῒ

̆ № (PSHA) ҹ ҹ Ȃ 

3.2.1  PSHA  

ѿ ̆ ֟ ꜚ ̕ 

ԍ ̆ ῏ ֟ Ԋᴆ P̆SHA↕

Ȃ ֓ ץ

Ԋᴆ סּ Ȃѿ ̆ ץ

≢₮ ץ № Ȃ 

ԋ ̆ № ̕ 

Ҍ Ҍ ( Ҍ

)̆ ץ Ҍ ȂGutenberg Richter
[37]ԍ 1944 ᾢ ԅ

̆ ₮ ֓ ѿҩ № ̆ ₮ԅ Ҋ

Ὲ ̔ 

 
 

̂3-1̃ 

ῒҬ̆ɚmҹ m ̆a bҹ Ȃ ױ

G-R№ Ȃ a b № Ȃ 

(3-1) ₮῏ԍ № ₱ (Cumulative Distribution 

Function--CDF) 

bmam -=llog
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̂3-2̃ 

ῒҬmmin ̆FM(m) ῏ԍ m № ₱ ̆ ⌠

₱ (Probability Density FunctionðPDF) 

 

  

̂3-3̃ 

(3-3) ₮ PDF ҉ ҉ ̆ ’Ҋ Ҍ Ȃ

ץ ѿҩ ѿҩ ҉ Ȃѿ ṿ ̆

ӇῈ (3-2)̆ (3-3) ҹ̔ 

 

 

 

 

̂3-4̃ 

 

 

 

̂3-5̃ 

 

ῒҬ̆mmax Ȃ 

ҹ Ḃ Ҋ ̆ ҉ № ₱ ( ҹ0.1)̆

⌠Ҍ (3-6)̔ 

 
 

̂3-6̃ 

ῒҬ̆ ȂῈ ӈ ԍ₄ ԍmj׃ mj+1ӊ №

⌠P(M=mj)҉̆ ̆↕Ҍᴪ ᵌ Ȃ ҉№

ѿ ᶏ 0.1 Ȃ 

҉ ꜚ G-R῏ ̆p Ҍֽֽ ԍ

ѿҩ Ȃ 

ᶛ ̔ ף ̆ ̂Characteristic Earthquake model̃
[64]Ȃ 

҈ ̆ № ̕ 

ҹԅ ꜚ̆ ԅ ⌠ Ȃ ԍ ̆ѿ

Ẋ ᴋᵥ ̆ № ̕ 

( )

min

min

min

min

min

min

min

( ) ( | )

            = 

10 10
            = 

10

            = 1-10 ,   m>m

M

m m

m

a bm a bm

a bm

b m m

F m P M m M m

l l

l

- -

-

- -

= ¢ >

-

-

( )

( )

min

min

min

( ) = ( )

            = 1-10

            = ln(10)10 ,   m>m

M M

b m m

b m m

d
f m F m

dm

d

dm

b

- -

- -

è ø
ê ú

( )

( )

min

max min
min max

1-10
( ) = ,   m <m<m

1-10

b m m

M b m m
F m

- -

- -

( )

( )

min

max min
min max

ln(10)10
( ) = ,   m <m<m

1-10

b m m

M b m m

b
f m

- -

- -

1( ) ( ) ( )j M j M jP M m F m F m+= = -

jm
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̆ ҉ ₱ ̂ ̆ ̃ ȁ

ṿⱴ ȁ ṿ ̆ ₮ ꜚ ⁞῏ ̕ 

ԋȁ҈ ᵝ № ̆ᵖ ҉ ῐ ꜚ

Ҍ ̆ ѿ ꜚ ̆ ₮ ꜚ

№ Ȃ ȁ ₱ ȁ └ȁ ᴆȁ

№ ⌠ ⁞῏ Ȃ 

ꜚ ѿ № Ȃ

ᶫ῏ԍ № ̆ Ҍ ѿҩ ѿ ̆ ҹ PSHA

⌠ѿ֓ Ȃ 

Ҋ̔ 

 
 

̂3-7̃ 

ῒҬ̆lnIM ꜚ ̆ ҹ № ̆  

ף≢№ ṿ ‰ ̆ №≢ҹ M ̆ R̆ ץ ῒז

ɗ ̆Ůҹ ‰ ̆ ln IM Ẓ ̆ ṿף ԍ

ln IM ṿ̆ ṿ ᵞԍ ln IM ṿȂ 

₃ ̆ Ҭ(M,R,ɗ) ů(M,R,ɗ) ̆

ᴆȂ 

ᶛ ̔Cornell
[29] ₮ ṿⱴ  

 
 

̂3-8̃ 

ҩ Ҭ̆ ‰Ẓ ҹ 0.57ȂPGA ҹ № ̆

ҹ PGA ׆ № ̆ ץ ץ ṿ ‰ ᴋᵥ PGA

Ȃ 

 

 

̂3-9̃ 

 

ῒҬū( ) ‰ № № ₱ (CDF)Ȃ 

ṜӞ  

 

 

̂3-10̃  

 

ῒҬ̆ PGA ₱ ̆ lnPGA ṿ ₮Ȃ 

 

 

̂3-11̃  

ױ ₮ PGA ԍ ̆ῒף ӈҹ PGA xj

xj+1ӊ Ȃ 

ln ln ( , , ) ( , , )IM IM M R M Rq s q e= + Ö

ln ( , , )IM M Rq

( , , )M Rs q

ln 0.152 0.859 1.803ln( 25)PGA M R=- + - +

ln PGA

ln

ln -ln
( | , ) 1 ( )

PGA

x PGA
P PGA x m r

s
> = -F

( | , ) ( )PGA

x

P PGA x m r f u du

¤

> =ñ

( )PGAf u

2

lnln

1 1 ln -ln
( | , ) exp ( )

22 PGAx PGA

x PGA
P PGA x m r du

ss p

¤ è ø
> = -é ù

ê ú
ñ

jx
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̂3-12̃  

ԓ ̆ Ȃ 

̆ᵝ ꜚ ̆ ῃ

Ȃ IM x Ȃ 

 

 

̂3-13̃  

ῒҬ̆P(IM > X|m,r) ԍῈ (3-10) ̆fM(m) fR(m) ῏ԍ

₱ Ȃ 

3.3  ᴶ PTHA   

҉ № ̆ № ҉ ₮

ԍ ѿ ῤ ṿ Ȃ

ѿ Ȃ 

PTHAṢ PSHĂ 3-1
 [31]̔ 

 

 
3-1 ⅎ ғ ⅎ  

 

҉ PSHA PTHA ≢ 3-1Ҭ ҈ ⁞

ԅ ᴰ Ȃ ᴇҺ Ҋңץ ̔ѿ ԍ

̕ԋ ԍ ṿ Ȃ ѿ

≢ᾟ ̆ № ̆ ץ ₮

̕ ӊ Ҍ ᾟ ̆ ץ ṿ №

ᴇ ᵬ[10]Ȃ 

1
( ) ( ) ( )

j j j
P PGA x P PGA x P PGA x

+
= = > - >

max max

min 0

( ) ( | , ) ( ) ( )

m r

M R

m

P IM x P IM x m r f m f r drdm> = >ñ ñ
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Ҍ Ҍ ҹ № ᶫ

̆↕ ṿ ף ԍ

№ Ȃ 

3.3.1  ᴶ PTHA  

Ṣ № ( PSHA)  [7], №

ΐᵣ Ҋ̔ 

ѿ ̆ ֟ ̕ 

( ῤ) ( ) ̆ ̆ Ҭ

ᵝ ̆ Ҭ ȁ ȁ ȁ

ȁ ȁ ȁ ȁẁ ȁ Ȃ 

ԋ ̆ № ̕ 

Ὲ G-R№ ̆ (3-1)̆ ₮ №  

҉ № ̆ ₮῏ԍ ₱ ̔ 

  ̂3-14̃  

Ҭ M̆0ҹ Ҋ M̆uzҹ ҉ ̆

ԍ Ҋ ԍ ҉ ̆ ṿҹ ̕ɓ=b×ln10̆ bҹ

῏ Ҭ bṿ̆ Ҍ ῏ Ȃ 

ҹ
1

2
jM M° D ̔ 

 

1

2

0

1 0

2

exp[ ( )]
( )

1 exp[ ( )]

j

j

M M

j

uz
M M

M M
P M dM

M M

b b

b

+ D

- D

- -
=

- - -ñ  

0

0

1
2exp[ ( )]sinh( )

2

1 exp[ ( )]

j

uz

M M M

M M

b b

b

- - D

=
- - -

 

̂3-15̃  

ῒҬȹMҹ № ̆ѿ ҹ 0.1̆Mj ӈ ׆

M0⌠ ҉ Muz ҩ Ҭ j Ҭ Ȃ 

҈ ץ̆ ҹ ᾝ̆№ ꜚ № ̕ 

ῤ№ ̆ № ₱

ѿҩҍ ῏ ₱ ̆ ᵬ , jl Mw ̆ῒ ӈ ῤѿ ҹ

1

2
jM M° D l ҩ Ȃ , jl Mw ҩ

ῤ ѿ ̆ , jl Mw ῤ ҹѿ̔ 

0

0

exp[ ( )]
( )

1 exp[ ( )]
M

uz

M M
f M

M M

b b

b

- -
=
- - -
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,

1

1
S

j

N

l M

l

w
=

=ä  ̂3-16̃  

Ҭ̆Nsҹ Ҭ ̕ , jl Mw ᵌ ԍ l ҩ

ҍ ӊ Ȃ 

̆ № ṿ ̕ 

l ҩ ̆ ṿ Mj Ԋᴆ̆

h ̆↕ ҹ l ҩ ῤ Mj ̆ ṿ

h ̔ 

  ̂3-17̃ 

↕̆ 

 , ( ) 0
jl MP H h E² = ̂3-18̃ 

 

ԓ ̆ ҩ ֟ ̕ 

ῃ ̆ i ҩ ῤ l ҩ

ṿ h ̔ 

 , ,( ) ( )
ji l i m l M

m

v H h f M w dmm² =ñ  ̂3-19̃ 

 , , ,

1

( ) ( , ) ( | )
M

j j

N

i l i j l M l M

j

v H h P l M P H h E wm
=

² = ²ä  ̂3-20̃  

MN ҹ № ̆ɛi ҹ ̆P(l,Mj)

(3-15) Ȃ 

Έ ̆ ҩ ῤ SN ҩ ֟

̕ 

i ҩ ῤ SN ҩ h

̔ 

 ,

1

( ) 1 {1 ( )}
SN

i i l

l

v H h v H h
=

² = - - ²Ô  ̂3-21̃ 

҂ ̆ NIҩ ῒ֟ ̆↕

ԍ H h ҹ̔ 

 
1

( ) 1 {1 ( )}
IN

i

l

v H h v H h
=

² = - - ²Ô  ̂3-22̃ 

ῇ ̆ SN ҩ T ῤ Ȃ 

ԍ ↓҉ ׆ № ̆ Tῤ n ҹ̔ 

 

 
( )

( )
!

vT ne vT
P n

n

-

=  ̂3-23̃ 

, ( ) 1
jl MP H h E² =
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T ῤ ԍ h ҹ̔ 

            
( )( ) 1 v H h TP H h e- ²² = -  ̂3-24̃ 

 h ҹ̔ 

  ̂3-25̃ 

₮ Ȃ 

3.3.2  ᴶ PTHA ᶡ 

ץ ҹᶛ̆ № ΐᵣ Ȃ 

3.3.2.1   

қ ̆ ῃҕ ꜚ ̆

қ ֒ Ӟ ₯ Ȃ ԍ қ ץ

ԅ ֟ ̆

̆ΐᵣ 3-2Ȃ 

 

1
( )

( )
T H h

P H h
= =

²
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3- 1 Ӏ ꜠ [22]
 

 
 (km) 

 

(km) 

 

 

(km) 

(°)  
ẁ  

(°)  

 

(°)  

҉

 

(Muz) 

 

RR1 290 98 15 30 15 315 8.5 

RR2 256 92 20 32 19 315 8.4 

RR3 282 97 18 45 20 310 8.5 

RR4 215 83 20 53 25 310 8.3 

RR5 130 65 25 72 30 344 7.9 

RR6 170 74 25 81 35 355 8.1 

 

RM1 210 82 20 350 14 110 8.2 

RM2 310 109 20 29 20 110 8.6 

RM3 135 66 20 3 20 90 7.9 

RM4 140 66 20 351 20 90 7.9 

RM5 166 71 20 353 30 50 8.0 

RM6 142 66 20 308 30 50 7.9 

ꜚ 3-1Ȃ 

3.3.2.2   

ץ қ ֒ ҹᶛ̆ ҉ № ῒ

Ȃ ᵝ Ҋ̔ 

 

3- 2  

   

1 114.59 ºE 22.62 ºN 

2 114.54 ºE 22.48 ºN 

3 114.77 ºE 22.59 ºN 
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3-2 ֟ ң ң̔

҉ ̂ѿ Ms8.5 ̃҉ץ ץ ᵞ

҉ ̂ѿ Ms8.0 Ҋ̃ץ Ȃ

’̆ ҉ 9.0Ȃ 

№ Ṝ҉ ң ̆ Ӈ ԍ

̆ ᵞ̆ῃ ҉ ᵬ

ῒ ̆ ғ № ῒ ̆ ץ

ֽ № ̂ ԋ ̃Ȃ

ԍ ᶛ ᶫ ̆ ֽ Ҭ ↓

Ȃ Ȃ 

ᾢ ̇ Ҭ ↓ ꜚ

̔ 

̔ ҉ Muz 9.0̆ Ҋ M0 7.0Ȃbṿᵞ ̂12ºN ~19ºÑ

0.98̆ ̂19ºN ~23ºÑ 0.89
[50]̕ 

[21]̔ 

̇ Ҭ ̔ ҉ Muz 7.5̆ Ҋ M0 7.0Ȃbṿ 0.87̕  

↓ ̔ ҉ Muz 7.5̆ Ҋ M0 7.0Ȃbṿ 0.87̕  

(3-14)ȁ(3-15)̆ ⌠ lҩ ̆ Mj P(l,Mj)

Ҋ̔ 

 

3- 3 ᵣ  
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3- 3 P( l, Mj)ẅ 

 RR1 RR2 RR3 RR4 RR5 RR6 

7.0 0.03094 0.07624 0.02010 0.02085 0.02659 0.02115 

7.1 0.02520 0.06084 0.01604 0.01664 0.02122 0.01687 

7.2 0.02053 0.04855 0.01280 0.01328 0.01693 0.01347 

7.3 0.01673 0.03874 0.01022 0.01059 0.01351 0.01075 

7.4 0.01363 0.03092 0.00815 0.00845 0.01078 0.00858 

7.5 0.01110 0.02467 0.00651 0.00675 0.00861 0.00684 

7.6 0.00905 0.01969 0.00519 0.00538 0.00687 0.00546 

7.7 0.00737 0.01571 0.00414 0.00430 0.00548 0.00436 

7.8 0.00600 0.01254 0.00331 0.00343 0.00437 0.00348 

7.9 0.00489 0.01000 0.00264 0.00274 0.00349 0.00277 

8.0 0.00399 0.00798 0.00211 0.00218 0.00278 0.00221 

8.1 0.00325 0.00637 0.00168 0.00174 0.00222 0.00177 

8.2 0.00265 0.00508 0.00134 0.00139 0.00177 0.00141 

8.3 0.00216  0.00406  0.00107  0.00111  0.00142  0.00113  

8.4 0.00176  0.00324  0.00085  0.00089  0.00113  0.00090  

8.5 0.00143  0.00258  0.00068  0.00071  0.00090  0.00072  

8.6 0.00117  0.00206  0.00054  0.00056  0.00072  0.00057  

8.7 0.00095  0.00165  0.00043  0.00045  0.00057  0.00046  

8.8 0.00077  0.00131  0.00035  0.00036  0.00046  0.00036  

8.9 0.00063  0.00105  0.00028  0.00029  0.00037  0.00029  

9.0 0.00051  0.00084  0.00022  0.00023  0.00029  0.00023  

 

3- 4 ∆ ɻ Ј Ҳ P( Mj)ẅ 

 ↓  ̇ Ҭ  

7.0 0.24356 0.24356 

7.1 0.20588 0.20588 

7.2 0.17402 0.17402 

7.3 0.14710 0.14710 

7.4 0.12434 0.12434 

7.5 0.10510 0.10510 

 

҉ ѿ Ạҹ Ԋᴆ̆№≢ ṿ Ȃ 

Ҋ ץ 1 1.0 ҹᶛ̆

̔ 

(1) ̕ 

ṿ ̆1 l ҩ ῤ Mj ̆

ҹ̔ 
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3- 5 1 ẅ ẅ( m)  

 RM1 RM2 RM3 RM4 RM5 RM6 

7.00 0.17 0.17 0.14 0.12 0.16 0.14 

7.10 0.16 0.14 0.15 0.16 0.15 0.18 

7.20 0.16 0.15 0.14 0.20 0.13 0.11 

7.30 0.18 0.15 0.17 0.20 0.16 0.16 

7.40 0.17 0.18 0.18 0.15 0.16 0.17 

7.50 0.16 0.16 0.15 0.26 0.16 0.15 

7.60 0.19 0.14 0.25 0.18 0.22 0.17 

7.70 0.32 0.17 0.19 0.21 0.24 0.17 

7.80 0.45 0.28 0.27 0.18 0.18 0.15 

7.90 0.51 0.27 0.3 0.23 0.15 0.17 

8.00 0.66 0.25 0.36 0.28 0.26 0.19 

8.10 0.85 0.36 0.44 0.34 0.21 0.18 

8.20 1.18 0.49 0.93 0.41 0.23 0.22 

8.30 1.45 0.66 0.63 0.48 0.25 0.28 

8.40 1.65 0.84 0.77 0.60 0.34 0.33 

8.50 2.01 1.10 0.92 0.83 0.41 0.42 

8.60 2.68 1.43 1.21 0.96 0.49 0.48 

8.70 2.94 1.95 1.51 1.05 0.60 0.71 

8.80 3.19 3.01 1.82 1.13 0.82 0.83 

8.90 3.41 4.16 2.07 1.52 0.96 1.05 

9.00 3.75 5.01 2.33 2.21 1.54 1.36 

 

(3-17), ₮ 1m ԊᴆȂ 3-6Ȃ 

 

3- 6 ẅ ẅ 1. 0  

 RM1 RM2 RM3 RM4 RM5 RM6 

7.00 ĺ ĺ ĺ ĺ ĺ ĺ 

7.10 ĺ ĺ ĺ ĺ ĺ ĺ 

7.20 ĺ ĺ ĺ ĺ ĺ ĺ 

7.30 ĺ ĺ ĺ ĺ ĺ ĺ 

7.40 ĺ ĺ ĺ ĺ ĺ ĺ 

7.50 ĺ ĺ ĺ ĺ ĺ ĺ 

7.60 ĺ ĺ ĺ ĺ ĺ ĺ 

7.70 ĺ ĺ ĺ ĺ ĺ ĺ 

7.80 ĺ ĺ ĺ ĺ ĺ ĺ 

7.90 ĺ ĺ ĺ ĺ ĺ ĺ 

8.00 ĺ ĺ ĺ ĺ ĺ ĺ 

8.10 ĺ ĺ ĺ ĺ ĺ ĺ 

8.20 Ś ĺ ĺ ĺ ĺ ĺ 

8.30 Ś ĺ ĺ ĺ ĺ ĺ 

8.40 Ś ĺ ĺ ĺ ĺ ĺ 

8.50 Ś Ś ĺ ĺ ĺ ĺ 

8.60 Ś Ś Ś ĺ ĺ ĺ 

8.70 Ś Ś Ś Ś ĺ ĺ 
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8.80 Ś Ś Ś Ś ĺ ĺ 

8.90 Ś Ś Ś Ś ĺ Ś 

9.00 Ś Ś Ś Ś Ś Ś 

 

     ( 3- 17)̆(3- 18)̆(3-19) 3- 7Ȃ 

 
3- 7 ẅ ẅ 1. 0  

 RR1 RR2 RR3 RR4 RR5 RR6 

7 0 0 0 0 0 0 

7.1 0 0 0 0 0 0 

7.2 0 0 0 0 0 0 

7.3 0 0 0 0 0 0 

7.4 0 0 0 0 0 0 

7.5 0 0 0 0 0 0 

7.6 0 0 0 0 0 0 

7.7 0 0 0 0 0 0 

7.8 0 0 0 0 0 0 

7.9 0 0 0 0 0 0 

8 0 0 0 0 0 0 

8.1 0 0 0 0 0 0 

8.2 0.00265  0 0 0 0 0 

8.3 0.00216  0 0 0 0 0 

8.4 0.00176  0 0 0 0 0 

8.5 0.00143  0.00258 0 0 0 0 

8.6 0.00117  0.00206 0.00054 0 0 0 

8.7 0.00095  0.00165 0.00043 0 0 0 

8.8 0.00077  0.00131 0.00035 0.00036 0 0 

8.9 0.00063  0.00105 0.00028 0.00029 0 0.00029 

9 0.00051  0.00084 0.00022 0.00023 0.00029 0.00023 

SUM 0.01203 0.00949 0.00182 0.00088 0.00029 0.00052 

 

(2) ̇ ↓

̔ 

 
3- 8 ẅ ẅ 1. 0  

 
 

↓

 

7 0 0 

7.1 0 0 

7.2 0 0 

7.3 0 0 

7.4 0 0 

7.5 0 0 

SUM 0 0 

 

ף ⅞ [21]̆ Ҋ Ms7. ҉ץ0 ɜ

3- 9Ȃ 
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3-9 ɻ ∆ ɻ Ј Ҳ  

  ↓  ̇ Ҭ  

 0.1250 0.0005 0.0002 

 

(3-20) ̆ 1-6ҩ ṿ 1.0 ץ

҉ ҹ v̔1(HÓ1.0)=0.00150̕ v2(HÓ1.0)= 0.00119̕ v3(HÓ1.0)= 0.00023̕

v4(HÓ1.0)= 0.00011̕ v5(HÓ1.0)= 0.00004̕ v6(HÓ1.0)=0.00007Ȃ 

 

3-10 ɻ ∆ ɻ Ј Ҳ (1.0m) 

  ↓  ̇ Ҭ  

 0.00313 0 0 

 

(3-20)̆ 1.0 ҉ץ ̔

vm(HÓ1.0)=0.00313̆ ↓ 1̔

ῤ 1.0 Pd(HÓ1.0)=0 1̕00 ῤ 1.0 ҹ

0%Ȃ ̇ Ҭ 1̔ ῤ 1.0

ҹ Pz(HÓ1.0)=0%̕100 ῤ 1.0 ҹ 0%Ȃ 

(3-21) 1̆ ῤ 1.0 P̔m(HÓ1.0)=0.00313̕ 100 ῤ

1.0 ҹ 26.9%Ȃ 

(3) ̔ 

(3-21)̆ ȁ ↓ ȁ ̇ Ҭ

1 ῤ 1.0 ҹ 0.00313̕ 100 ῤ 1.0

ҹ 26.9%̕ (3-22)̆ 1.0 320 Ȃ 

3.3.2.3  ┼  

҉ 3-2Ҭ ̆ ҊȂ 

 

3-11 1 ẅ ẅ(m) 

 RM1 RM2 RM3 RM4 RM5 RM6 

7.00 0.01  0.01  0.01  0.01  0.01  0.00  

7.10 0.02  0.02  0.01  0.01  0.01  0.01  

7.20 0.02  0.03  0.02  0.02  0.01  0.01  

7.30 0.03  0.03  0.03  0.02  0.01  0.01  

7.40 0.04  0.05  0.04  0.03  0.02  0.01  

7.50 0.06  0.06  0.05  0.04  0.02  0.02  

7.60 0.07  0.07  0.06  0.05  0.03  0.02  

7.70 0.10  0.09  0.07  0.06  0.04  0.03  

7.80 0.12  0.10  0.09  0.08  0.04  0.03  

7.90 0.15  0.12  0.10  0.09  0.04  0.03  

8.00 0.19  0.15  0.10  0.10  0.04  0.05  
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8.10 0.23  0.17  0.10  0.12  0.06  0.06  

8.20 0.29  0.20  0.11  0.14  0.07  0.08  

8.30 0.35  0.27  0.14  0.12  0.09  0.11  

8.40 0.41  0.33  0.18  0.13  0.11  0.14  

8.50 0.47  0.42  0.21  0.18  0.17  0.17  

8.60 0.55  0.55  0.27  0.23  0.20  0.23  

8.70 0.61  0.67  0.33  0.24  0.22  0.30  

8.80 0.76  0.96  0.42  0.31  0.28  0.38  

8.90 1.04  1.15  0.57  0.40  0.34  0.55  

9.00 1.34  1.23  0.79  0.52  0.42  0.70  

 

3- 12  1 ɻ  

 

̂ ̃ 
 
10

 

50

 

100

 

 

̂ ̃ 

0.10  1.42% 13.34% 51.11% 76.10% 70.4  

0.20  0.56% 5.50% 24.64% 43.21% 177.2  

0.30  0.32% 3.18% 14.92% 27.61% 310.0  

0.40  0.23% 2.30% 10.99% 20.77% 430.1  

0.50  0.15% 1.51% 7.34% 14.14% 656.3  

0.60  0.10% 1.02% 4.97% 9.70% 980.4  

0.70  0.07% 0.69% 3.42% 6.72% 1438.8  

0.80  0.05% 0.54% 2.68% 5.28% 1843.3  

0.90  0.05% 0.54% 2.68% 5.28% 1843.3  

1.00  0.04% 0.38% 1.88% 3.72% 2640.3  

2.00 0.00% 0.00% 0.00% 0.00% - 

3.00 0.00% 0.00% 0.00% 0.00% -  

4.00 0.00% 0.00% 0.00% 0.00% - 

5.00 0.00% 0.00% 0.00% 0.00% -  
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3- 4 1  

 

2ȁ3 ṿ Ȃ 

 

3-13 2 ẅ ẅ(m) 

 RM1 RM2 RM3 RM4 RM5 RM6 

7.00 0.10  0.05  0.05  0.04  0.03  0.02  

7.10 0.14  0.06  0.07  0.06  0.04  0.02  

7.20 0.19  0.09  0.09  0.08  0.05  0.03  

7.30 0.25  0.12  0.12  0.11  0.07  0.04  

7.40 0.35  0.16  0.16  0.15  0.09  0.05  

7.50 0.46  0.21  0.21  0.20  0.11  0.06  

7.60 0.61  0.27  0.27  0.26  0.14  0.08  

7.70 0.67  0.36  0.33  0.34  0.16  0.09  

7.80 0.71  0.46  0.41  0.42  0.18  0.11  

7.90 0.75  0.58  0.48  0.51  0.20  0.14  

8.00 0.80  0.63  0.56  0.57  0.20  0.17  

8.10 0.86  0.68  0.62  0.59  0.22  0.22  

8.20 1.08  0.72  0.68  0.53  0.23  0.28  

8.30 1.34  0.77  0.78  0.49  0.27  0.36  

8.40 1.57  0.94  0.82  0.51  0.36  0.46  

8.50 1.71  1.23  0.71  0.67  0.73  0.59  

8.60 1.74  1.52  0.90  0.74  0.94  0.76  

8.70 1.82  2.10  1.00  0.77  1.03  0.96  

8.80 2.47  2.81  1.27  1.17  1.17  1.18  

8.90 3.07  3.40  1.95  1.72  1.40  1.46  
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9.00 3.17  4.09  3.14  2.12  1.50  1.93  

 

3-14 2 ɻ  

 

̂ ̃ 
 
10

 

50

 

100

 

 

̂ ̃ 

0.1 1.29% 46.23% 95.51% 99.80% 16.6  

0.2 0.54% 30.98% 84.34% 97.55% 27.5  

0.3 0.40% 21.86% 70.86% 91.51% 41.0  

0.4 0.29% 17.76% 62.37% 85.84% 51.7  

0.5 0.21% 14.01% 52.98% 77.89% 66.8  

0.6 0.18% 11.60% 46.03% 70.87% 81.6  

0.7 0.14% 7.67% 32.89% 54.96% 125.9  

0.8 0.13% 4.33% 19.84% 35.75% 226.6  

0.9 0.12% 3.83% 17.75% 32.35% 256.3  

1.0  0.12% 3.23% 15.15% 28.01% 304.8  

2.0  0.02% 0.90% 4.41% 8.62% 1109.6  

3.0  0.00% 0.41% 2.01% 3.98% 2461.5  

4.0  0.00% 0.10% 0.52% 1.04% 9523.8  

5.0  0.00% 0.00% 0.00% 0.00% - 
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3- 5 2  
 

3-15 3 ẅ ẅ(m) 

 RM1 RM2 RM3 RM4 RM5 RM6 

7.00 0.01  0.01  0.01  0.01  0.01  0.00  

7.10 0.02  0.02  0.02  0.01  0.01  0.00  

7.20 0.02  0.02  0.02  0.01  0.01  0.01  

7.30 0.03  0.03  0.02  0.02  0.01  0.01  

7.40 0.04  0.04  0.03  0.02  0.02  0.01  

7.50 0.04  0.05  0.04  0.03  0.02  0.01  

7.60 0.05  0.07  0.04  0.04  0.03  0.01  

7.70 0.06  0.09  0.05  0.04  0.03  0.02  

7.80 0.08  0.11  0.05  0.06  0.03  0.02  

7.90 0.11  0.13  0.06  0.07  0.04  0.03  

8.00 0.15  0.16  0.08  0.09  0.05  0.03  

8.10 0.20  0.19  0.11  0.09  0.07  0.04  

8.20 0.26  0.23  0.12  0.12  0.08  0.06  

8.30 0.35  0.31  0.14  0.14  0.09  0.08  

8.40 0.45  0.45  0.23  0.19  0.13  0.10  

8.50 0.57  0.69  0.36  0.23  0.16  0.13  

8.60 0.77  1.03  0.46  0.30  0.23  0.17  

8.70 1.01  1.49  0.50  0.35  0.32  0.19  

8.80 1.34  1.97  0.61  0.41  0.38  0.23  

8.90 1.64  2.27  0.87  0.58  0.42  0.32  

9.00 1.84  2.24  1.20  0.63  0.52  0.51  

 

3-16 3 ɻ  
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̂ ̃ 
 
10

 

50

 

100

 

 

̂ ̃ 

0.1 1.29% 12.20% 47.83% 72.78% 77.4  

0.2 0.54% 5.26% 23.69% 41.77% 185.4  

0.3 0.40% 3.95% 18.27% 33.20% 248.4  

0.4 0.29% 2.90% 13.70% 25.52% 339.8  

0.5 0.21% 2.09% 10.00% 19.00% 475.1  

0.6 0.18% 1.81% 8.73% 16.70% 547.9  

0.7 0.14% 1.42% 6.91% 13.33% 699.3  

0.8 0.13% 1.28% 6.22% 12.05% 779.0  

0.9 0.12% 1.24% 6.06% 11.75% 800.8  

1.0  0.12% 1.24% 6.06% 11.75% 800.8  

2.0  0.02% 0.24% 1.17% 2.34% 4232.8  

3.0  0.00% 0.00% 0.00% 0.00% - 

4.0  0.00% 0.00% 0.00% 0.00% - 

 

 

 

3- 6 3  
 

̆ ҉ ԅ

ӊ ̆ Ȃ ῒҬ ԅ №

̆ № ̆ № ̆ Ҍ ̆ Ӈ ҉

⌠ѿ ̆ ױ Ҋ ѿ Ȃ 

3.4  ԓ PTHA  

3.4.1  ԓ PTHA  

ᴰ № PTHA Ҭ Ԋᴆ Ҭᵝԍ Ҭ ̆
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Ạ ץ ҉ Ԋᴆ № ̆ Ҍ ̆

Monte Carlo ԇץ ץ‗ ⌠ ‰

’Ȃ 

( Monte Carlo method)̆Ӟ ̆ ԋ ҕ

Ҭף ԍ ̆ ₮ ѿ ץ

ҹ ѿ ṿ Ȃ ᶏ ̂ ᴺ

̃ ‗ Ȃ20ҕ 40 ̆ף –¥ ᴚ

ҹ ⅞ ᵬ ̆ ԅ Ȃ

ץ ҹ Ȃҍ Ȃ ץ

№ ң ̔ѿ ΐ ῤ ̆Ṣꜛ

ⱬ ץ Ȃ ѿ ץ ҹ

№ ̆ Ԋᴆ₮ ̆ ṿȂ

ץ̆ Ԋᴆ₮ ᵀ ῒ ̆ ץ ᵀ

̆ ῒᵬҹ Ȃ

ҹ [16]Ȃ 

№ ̆ ץ ₱

̆ № № ̆ Ȃ 

Ҋ 

ѿȁ ̕ 

ᶭ № (3-14) ̆ ҉ №

Ԋᴆ̕ 

ԋȁ ѿ Ԋᴆ № ᵝ ̕ 

҈ȁ ⌠ ᵝ ̆ ȁ ̆

ȁẁ ȁ ȁ ̕ 

ȁ ҉ ̆ Ԋᴆ ṿ ̆ ⌠ ῐ

̕ 

ԓȁ ԍ Ԋᴆ ⌠ № ̂ѿ

Ԋᴆ ѿҩ ѿҩ ̆ ҹ Ԋᴆ ̃̆ ҉

₮ ₱ ̆ ץ ⌠ h  ̕

Έȁ ↓ ̆ ׆̆

̆ Ȃ 

3.4.2  ԓ PTHA ᶡ 

≢ԍᴰ № № ̆

₮ Ȃ ̆ᶏῒ

׆ (3-14) ₱ ̆ 200 ̆ῒף ӈ

n

http://zh.wikipedia.org/wiki/%E7%94%B5%E5%AD%90%E8%AE%A1%E7%AE%97%E6%9C%BA
http://zh.wikipedia.org/wiki/%E9%9A%8F%E6%9C%BA%E6%95%B0
http://zh.wikipedia.org/wiki/%E4%BC%AA%E9%9A%8F%E6%9C%BA%E6%95%B0
http://zh.wikipedia.org/wiki/%E4%BC%AA%E9%9A%8F%E6%9C%BA%E6%95%B0
http://zh.wikipedia.org/wiki/%E5%86%AF%C2%B7%E8%AF%BA%E4%BC%8A%E6%9B%BC
http://zh.wikipedia.org/wiki/%E6%B4%9B%E6%96%AF%E9%98%BF%E6%8B%89%E8%8E%AB%E6%96%AF%E5%9B%BD%E5%AE%B6%E5%AE%9E%E9%AA%8C%E5%AE%A4
http://zh.wikipedia.org/wiki/%E6%B4%9B%E6%96%AF%E9%98%BF%E6%8B%89%E8%8E%AB%E6%96%AF%E5%9B%BD%E5%AE%B6%E5%AE%9E%E9%AA%8C%E5%AE%A4
http://zh.wikipedia.org/wiki/%E7%A1%AE%E5%AE%9A%E6%80%A7%E7%AE%97%E6%B3%95
http://zh.wikipedia.org/wiki/%E9%9A%8F%E6%9C%BA%E4%BA%8B%E4%BB%B6
http://zh.wikipedia.org/wiki/%E6%A6%82%E7%8E%87
http://zh.wikipedia.org/wiki/%E9%9A%8F%E6%9C%BA%E5%8F%98%E9%87%8F
http://zh.wikipedia.org/wiki/%E6%9C%9F%E6%9C%9B%E5%80%BC
http://zh.wikipedia.org/wiki/%E9%A2%91%E7%8E%87
http://zh.wikipedia.org/wiki/%E6%A6%82%E7%8E%87
http://zh.wikipedia.org/wiki/%E6%8A%BD%E6%A8%A3
http://zh.wikipedia.org/w/index.php?title=%E6%95%B0%E5%AD%97%E7%89%B9%E5%BE%81&action=edit&redlink=1
http://zh.wikipedia.org/wiki/%E9%9A%8F%E6%9C%BA%E5%8F%98%E9%87%8F
http://zh.wikipedia.org/wiki/%E9%9A%8F%E6%9C%BA%E5%8F%98%E9%87%8F
http://zh.wikipedia.org/w/index.php?title=%E6%95%B0%E5%AD%97%E7%89%B9%E5%BE%81&action=edit&redlink=1
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׆ ῏ Ȃ 3-7Ȃ 

 

( a)  

 

( b)  
3- 7 ( a) ῗ ;( b) ғ ⅎ ⃰  

 

3-2 ᵬҹ № Ȃ ҹ

₱ ₮ №≢ ȁ ̇ Ҭ ȁ

↓ № ̆Ӟ ῒ Ҭ

№ Ȃғ ̆ ₮



Ҭ ⱬ ᵝ  

- 44 - 

 

Ȃ Ҍ ԍᴰ № ̆ №

ᵝ ҌῬץ№ ѿ Ҭ ᵝ ҹ Ҭ̆ ҹ №

҉̆ 3-8Ȃ 

 

 

3- 8 Ғ Ԑᴌ Ҳᵣ ⅎ  
 

ҍ ̆ ̆

̆ ̆ẁ ̆ ̆ Ȃ 

ῒҬ ̆ ̆ Ὲ (2-7)ȁ(2-8)ȁ(2-9)Ȃ 

̆ẁ ̆ ᵝ ṿ̆ 3-1Ȃ

3-8ֽ ᵝ ̆ Ҍף Ԋᴆҹ ̆ Ȃ 

҉ ѿ Ԋᴆ ṿ ̆ 1̆2̆3 №≢ ⌠ 200

̆ 200 ̆ ⌠ № Ȃ 
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3- 9 1, 2, 3 ⅎ  

 



Ҭ ⱬ ᵝ  

- 46 - 

 

⌠̆ ҈ҩ № № Ȃ Choi

ѿ ȂChoi ԅ₃ № ₱ ̆

₃ҩ Ԋᴆ № ̆ № ₱ ̆ ҹ

№ ⌠ [27]Ȃ ҉ ҈ҩ 200 №≢

№ ̆ № Ὲ ̂3-26̃ Ҋ̔ 

 

 

̂3-26̃ 

 

 

( a) 1 ⅎ  

)
2

)(log
exp(

2

1
),|(

2

2

s

m

s
sm

-
-=

x

x
xf

ˊ
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( b) 2 ⅎ  
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( c) 3 ⅎ  

3- 10 ⅎ  

 

⌠ № ₮ ѿ Ȃ 

 

3-17 1,2,3 (10
-1
) 

 

̂ ̃ 

1  

 

2  

 

3  

 

0.1  13.88% 73.48% 14.55% 

0.2  3.43% 41.97% 4.02% 

0.3  1.24% 26.41% 1.59% 

0.4  0.55% 17.79% 0.76% 

0.5  0.28% 12.58% 0.41% 

0.6  0.15% 9.23% 0.24% 

0.7  0.09% 6.97% 0.15% 

0.8  0.06% 5.39% 0.10% 

0.9  0.04% 4.24% 0.07% 

1.0  0.02% 3.40% 0.05% 

2.0  0.00% 0.64% 0.00% 

3.0  0.00% 0.20% 0.00% 

4.0  0.00% 0.08% 0.00% 

5.0  0.00% 0.04% 0.00% 

 

 (3-20) ӗץ ⌠

Ȃ 3-18Ȃ 

 

3-18 1,2,3 (10
-1
) 

 

̂ ̃ 

1  

 

2  

 

3  

 

0.1  1.74% 9.18% 1.82% 

0.2  0.43% 5.25% 0.50% 

0.3  0.15% 3.30% 0.20% 

0.4  0.07% 2.22% 0.10% 

0.5  0.03% 1.57% 0.05% 

0.6  0.02% 1.15% 0.03% 

0.7  0.01% 0.87% 0.02% 

0.8  0.01% 0.67% 0.01% 

0.9  0.00% 0.53% 0.01% 

1.0  0.00% 0.42% 0.01% 

2.0  0.00% 0.08% 0.00% 

3.0  0.00% 0.03% 0.00% 

4.0  0.00% 0.01% 0.00% 

5.0  0.00% 0.00% 0.00% 

 

⌠ ҈ҩ ( ̇ ȁ ↓ )
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̂ Ԋᴆ 30 ̃̆ Ҋ 

            

        ( a) 1 ⅎ  

 

( b) 2 ⅎ  
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           ( c) 3 ⅎ  

             3- 11 1, 2, 3 ⅎ ( )  

 

 

           ( a) 1 ⅎ  
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( b) 2 ⅎ  

 

                           ( c) 3 ⅎ  

3- 12 1, 2, 3 ⅎ ( ∆ )   

 

3-19 1,2,3 Ј  

 

̂ ̃ 

1  

 

2  

 

3  

 

0.1  100.00% 99.89% 90.91% 

0.2  99.64% 95.51% 65.25% 

0.3  96.31% 81.62% 43.66% 

0.4  87.51% 63.18% 29.07% 

0.5  74.42% 45.97% 19.63% 
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0.6  59.97% 32.31% 13.50% 

0.7  46.45% 22.32% 9.46% 

0.8  35.02% 15.30% 6.75% 

0.9  25.92% 10.48% 4.90% 

1.0  18.97% 7.20% 3.61% 

2.0  0.79% 0.24% 0.31% 

3.0  0.05% 0.01% 0.05% 

4.0  0.00% 0.00% 0.01% 

5.0  0.00% 0.00% 0.00% 

6.0  0.00% 0.00% 0.00% 

 

3-20 1,2,3 ∆  

 

̂ ̃ 

1  

 

2  

 

3  

 

0.1  89.18% 92.12% 91.14% 

0.2  66.23% 71.20% 68.68% 

0.3  47.64% 52.37% 49.30% 

0.4  34.51% 38.39% 35.36% 

0.5  25.41% 28.42% 25.68% 

0.6  19.04% 21.33% 18.94% 

0.7  14.50% 16.23% 14.19% 

0.8  11.20% 12.51% 10.79% 

0.9  8.78% 9.77% 8.31% 

1.0  6.96% 7.71% 6.48% 

2.0  1.08% 1.13% 0.87% 

3.0  0.28% 0.27% 0.20% 

4.0  0.09% 0.09% 0.06% 

5.0  0.04% 0.03% 0.02% 

6.0  0.02% 0.01% 0.01% 

 

3-21 1,2,3 Ј  

 

̂ ̃ 

1  

 

2  

 

3  

 

0.1  0.50% 0.50% 0.45% 

0.2  0.50% 0.48% 0.33% 

0.3  0.48% 0.41% 0.22% 

0.4  0.44% 0.32% 0.15% 

0.5  0.37% 0.23% 0.10% 

0.6  0.30% 0.16% 0.07% 

0.7  0.23% 0.11% 0.05% 

0.8  0.18% 0.08% 0.03% 

0.9  0.13% 0.05% 0.02% 

1.0  0.09% 0.04% 0.02% 

2.0  0.00% 0.00% 0.00% 

3.0  0.00% 0.00% 0.00% 

4.0  0.00% 0.00% 0.00% 

5.0  0.00% 0.00% 0.00% 

6.0  0.00% 0.00% 0.00% 

 



҈   

- 53 - 

 

3-22 1,2,3  

 

̂ ̃ 

1  

 

2  

 

3  

 

0.1  0.45% 0.46% 0.46% 

0.2  0.33% 0.36% 0.34% 

0.3  0.24% 0.26% 0.25% 

0.4  0.17% 0.19% 0.18% 

0.5  0.13% 0.14% 0.13% 

0.6  0.10% 0.11% 0.09% 

0.7  0.07% 0.08% 0.07% 

0.8  0.06% 0.06% 0.05% 

0.9  0.04% 0.05% 0.04% 

1.0  0.03% 0.04% 0.03% 

2.0  0.01% 0.01% 0.00% 

3.0  0.00% 0.00% 0.00% 

4.0  0.00% 0.00% 0.00% 

5.0  0.00% 0.00% 0.00% 

6.0  0.00% 0.00% 0.00% 

 

(3-23)̆ ҉ 3ҩ ̆ ҹ 3ҩ

֟ Ԋᴆ ԑ Ȃ 

h (3-24) Ȃ 

 

3-23 1 ɻ  

 

̂ ̃ 
 
10

 

50

 

100

 

 

̂ ̃ 

0.1  10.51% 65.03% 99.48% 100.00% 9  

0.2  7.77% 54.02% 97.95% 99.96% 12  

0.3  5.95% 44.85% 94.90% 99.74% 16  

0.4  4.68% 37.40% 90.39% 99.08% 21  

0.5  3.76% 31.36% 84.76% 97.68% 26  

0.6  3.06% 26.35% 78.34% 95.31% 32  

0.7  2.51% 22.22% 71.54% 91.90% 39  

0.8  2.10% 18.90% 64.93% 87.70% 47  

0.9  1.76% 16.12% 58.46% 82.75% 56  

1.0  1.48% 13.74% 52.25% 77.20% 67  

2.0  0.43% 4.21% 19.34% 34.95% 232  

3.0  0.18% 1.78% 8.61% 16.47% 555  

4.0  0.10% 1.00% 4.88% 9.52% 999  

5.0  0.06% 0.60% 2.96% 5.82% 1666  

6.0  0.03% 0.30% 1.49% 2.96% 3333  

 

3-24 2 ɻ  

 

̂ ̃ 
 
10

 

50

 

100

 

 

̂ ̃ 

0.1  8.49% 66.17% 98.57% 99.98% 11  

0.2  5.52% 56.04% 93.67% 99.60% 18  
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0.3  3.86% 47.23% 85.47% 97.89% 25  

0.4  2.81% 39.91% 75.43% 93.97% 35  

0.5  2.09% 33.97% 64.89% 87.67% 47  

0.6  1.61% 29.14% 55.21% 79.94% 62  

0.7  1.25% 25.22% 46.42% 71.29% 80  

0.8  1.00% 21.87% 39.31% 63.17% 100  

0.9  0.81% 19.26% 33.28% 55.48% 123  

1.0  0.67% 17.05% 28.45% 48.80% 149  

2.0  0.16% 6.20% 7.69% 14.78% 625  

3.0  0.06% 3.05% 2.96% 5.82% 1666  

4.0  0.03% 1.69% 1.49% 2.96% 3333  

5.0  0.01% 1.09% 0.50% 1.00% 9999  

6.0  0.01% 0.70% 0.50% 1.00% 9999  

 

3-25 3 ɻ  

 

̂ ̃ 
 
10

 

50

 

100

 

 

̂ ̃ 

0.1  10.84% 66.17% 99.56% 100.00% 9  

0.2  8.22% 56.04% 98.36% 99.97% 12  

0.3  6.39% 47.23% 95.91% 99.83% 15  

0.4  5.09% 39.91% 92.17% 99.39% 19  

0.5  4.15% 33.97% 87.45% 98.42% 24  

0.6  3.44% 29.14% 82.14% 96.81% 29  

0.7  2.91% 25.22% 76.62% 94.53% 34  

0.8  2.47% 21.87% 70.89% 91.53% 40  

0.9  2.14% 19.26% 65.68% 88.22% 46  

1.0  1.87% 17.05% 60.72% 84.57% 53  

2.0  0.64% 6.20% 27.39% 47.27% 156  

3.0  0.31% 3.05% 14.36% 26.66% 322  

4.0  0.17% 1.69% 8.15% 15.63% 588  

5.0  0.11% 1.09% 5.35% 10.42% 909  

6.0  0.07% 0.70% 3.44% 6.76% 1428  
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3-13  1  

  

3-14  2  
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3-15  3  

 

3.5  ҩ  

    ҉ ң ̆ № № ҍ

№ Ȃ 3- 16ȁ3- 17ȁ3- 18Ȃ 

 

3-16  Ғ 1  
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3-17 Ғ 2  

 

3-18  Ғ 3  

 

₮̆ ԅ 2 ̆1ȁ3 ₮ ₮

№ Ȃԋ ≢ Ȃ׆ԋ ̆

≢ ԍ № ṿ ̆ ᵝ ԍ ѿ Ҭ ᵝ ̆

№ ̆Ҍ Ҭ ᴋᵥᵝ Ẋ Ȃ

ץ № Ҭᵝ ̆ Ҍ № Ȃ

№ ẁ ̆ Ҍ

Ȃֽֽ ẁ ̆ Ὲ ᵀ ̆ ₮

Ẓ ̆ Ӈ Ҋ Ҍ ̆ ẁ ̆

̆ № ֽֽ Ҍ ̆
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‰ ῒ Ȃ Ḃ Ҍ

̆ ⱴ ץ

ᵣ Ȃ 

3.6   

ᾢ׃ ᴰ PTHA ԍ PSHĂ ׃ ԅᴰ PTHA

Ȃ қ ֒ 3ҩ ̆ ᴰ PTHA ԍҌ

ȁ10 ȁ50 ȁ100 ̆ ᴰ PTHA Ҥ Ҍ ̔

ԍ № Ҍ № ̕

ῤ ᵝ ̕Ҍ PTHA Ҍ Ȃ 

҉ ₮ԅѿ ԍ PTHA ̆

̆ № ₱ ҉Ҋ ῤ ̆

ῤ Ҭᵝ ץ̆ ᴰף PTHA Ҭ

№ Ȃ ԅ҉ 3ҩ Ҍ ̆

ᴰ PTHA ץ ᴰ PTHA

Ҍ ӊ Ȃ 
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  PTHA ⅎ  

4.1   

ᴇ ԅ № ῒ̆ᴨ ԍ

ԅ Ҍ ץ ̆ ₮ ѿ

ῤѿ ṿ Ȃ ᴇ Ӟҍ №

ѿ № № Ȃ ╠ Ӟ ῏ ̆

ԅ № Ȃᴋ Ẋ 1960 ≠ ṿ

қ [10]Ȃԍ ≠ 1994

ѿ ṿ ̆ ԍ

ṿ [18]Ȃp ҉ץ ᵬ ԅ № ̆ ҍ

̆ ῏ № Ȃ 

̆ Ҭ ȁ ̆ ̆ ȁ ̆ ̆

ȁẁ ȁ Ҍ Ȃ ṿ Ҭ

ԅ№ ȂGeist Titov ₮ Ҍ
[32]ȂGica ԅ҉ ̆ ȁ ≠

̆ Ҭᵝ ȁᵝ ȁ ȁ

̆№ ȁ ȁᵝ ᴪ

̆ ғ Ҍ ⁞ [34]ȂOkal

Synolaks ҹ Ҍ [55]Ȃ ᴋ ₮

↕̆ ץ

⌠ Ẓ Ҍ ̆p Ẓ №
[11]Ȃ ҉̆ ԍ ֟ ̆D ̆ Ҭ ̆

̆ ̆ᴰ ̆ ̆

№ Ȃ 

҉ץ ᵬҺ № ̆ (bathymetry)

№ ᵬ Ȃ ṿ ѿ̆

ῃ Ὲ ̕ ץ

№ ȂῈ ᶫ ̆

ӞҌ Ҍ̆ ӊ ᴪ ѿ֓ ̆ ᾧ ṿ Ҭ֟

̆ Ҍ ṿ ᵬȂ 

₮ ῃ ⌠ ṿ

Ҭ̆ № [59]Ȃ ӇҌ

ԍ ץ Ҍ ᶏ ӊױז ₮ Ȃ ץ ҹ
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̆ ̆ ̆ Ҍ

ṿ ץ №̆ Ҍ ӊ ̆

ῒ ṿ ̆ ṿ Ȃ 

4.2   

4.2.1   

╠ ҹ Һ ASTERȁGDEMȁSRTMȁGTOPO30ȁ

ACE2ȁETOPOȁGEBCO
[6]Ȃ ԅ SRTMȁETOPOȁGEBCO҈

ṿ ̆ Һ ׃ Ҋ̔ 

SRTM̂ Shuttle Radar Topography Missioñ ԅ ҉ץ80%

̆ ╠ ᶫ 90m̂ 30 ̃̆

⌠ 16m̆ ῒҺ [43]Ȃ 

GEBCO  (The General Bathymetric Chart of the Oceans) ᶫῃҕ

Ȃ ԍ ̂ ̃ ץ̆

̆ №Һ SRTM30 Ȃ ╠ ᶫ 1 № 30

[44]Ȃ 

ETOPO ̂NOAÃҊ

Ҭ ̂NGDC̃ ̆ SRTM30 ȁGEBCO ȁGLOBE 

ȁJODC ̆ ҩ ̆ᾢ ₮ԅ 5 №ȁ2 №ȁ1

№ [45]Ȃ 

4.2.2   

N11°-N26°ȁE108°-E122°ᵬҹ ȂҺ Ҋңץ

̔(1) ΐ ֟ ᴆ̆ῒқ ̆

̆ѿ 2.5-4 ῤ қ

Ҥ [9]
(̕2) ⁞ ῏ қ̆

ӂ ֒ ΐ ⱬ ӊѿ̆ѿ ₯̆ ȁ ᴪ
[2]Ȃ ῤ ṿ № ᵬ [38][46][49][50]Ȃ 

№≢ ῤ 30 SRTMȁ1 № GEBCOȁ1 №

ETOPO № ȂҹḠ ̆ ṿ ̆

Ḡ Ȃ 4-1 ₮ԅ SRTM / №

’̆ Һ № ȁ ȁ ҈ ȂῒҬ̆ ̆

ӊ̆ қ Ȃ ̆ ȁ ȁ ҈

̆Ҭ қ 2000  Ȃ҉ץ

ῒזң / № ’ ԍ ׆̆₮

҉∞ ҈ Ȃ Ҋ ױ ΐᵣ № ̆
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N14°ȁN16°ȁN18° N20° ҩ / ̆ 4-2 Ȃ

4-2 ₮ԅ ҩ ҉ ҈ / № ’Ȃ

№ 0-4000 ӊ ׆̆ Ҋ ̆ ȁ

Ȃ 

׆ 4-2Ҭ ̆Ҍ ӊ ᴟ ѿל ̆ ̂ ԍ

500m̃ Ҍ ̆ № ’̆

A-AĽ 111°Eᵝ GEBCO ԍSRTM ETOPO 1000m̆

115°Eᵝ ETOPO ԍGEBCO SRTM 1000mȂ C-CĽ

D-DĽ №≢₮ SRTM ľ Ŀ̆ SRTM

̂30 ̃ ԍ GEBCO ETOPO ̂1 №̃ ̆ ᵝ ₮

Ȃ ̆Ҍ ѿ ̆

ṿ ֟ ṿ Ȃ 

 

 



Ҭ ⱬ ᵝ  

- 62 - 

 

 
4- 1 / ⅎ ЃSRTM Є ⅎ Ѓ 4- 1Є 

 

4.2.3  ẅ  

ץ Ḳ‖ ҹ ̆№≢ ҉ ҈

ῤ ȁᴰ ṿ Ȃ ץ

ṿ Ȃ 

4.2.3.1  √ ᴌ 

ԍ ֒ Ḳ‖ ̆ ԍ

Ȃ ԍῒ ꜚ ױ [24][50][54]Ȃ

Ӟ ԅ ̆ ԍ № ₮ԅ 6 ҩ
[22]Ȃῒ ᵝ № 3-2 ̆ ꜚ 4-1Ȃ

6ҩ ῒ ҉ ᵬҹ 6ҩ ̆№≢ ṿ Ȃ 



 PTHA №  

- 63 - 

 

 

4-2 ү Ғ /  
 

  4-1 ꜠  

 

 

     ẁ    

̂m̃ ̂°̃ ̂km̃ ̂km̃ ̂Mw̃ ̂km̃ ̂°̃ ̂°̃ 

RM1 350 210 20 8.2 82 14 110 2.94 

RM2 29 310 20 8.6 109 20 110 5.30 

RM3 3 135 20 7.9 66 20 90 1.89 

RM4 351 140 20 7.9 66 20 90 1.89 

RM5 353 166 20 8.0 71 30 50 2.19 

RM6 308 142 20 7.9 66 30 50 1.89 

 

4.2.3.2  ẅ  

҉ COMCOT̂ Cornell Multi - grid Coupled Tsunami Model̃

ṿ ᴆ ᴰ Ȃ ԍ ֽ Ҍ

ṿ ̆ ҹ 1 № 30 ̆

Ҍ ̆Ӟ Ҍ ̆ Ҋ

Ȃ 4- 3 ԅ 6ҩ 3 ’Ҋ

Ȃ 4-Ҭ№≢ ₮ԅ҉ 4ҩ № Ȃ ץ ̆Ҍ

’Ҋ ѿ ̆ᵖӞ № Ȃ 

ԍ A- AĽ ̆ ᶏ ╠ Ҍ 1000m
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111£E 115£E ᵝ ̆ Ӟ ѿ ̆ṿ ױ ԍ

̕Ҍ ̆ 115. 5£Eᵝ ̆ ᵝ ԍ ̆

Ҍ ̆ᵖ ѿ Ȃ ԍ B- BĽ ̆

114£E- 115£E ῤ̆Ҍ ҩ ̆ SRTM

ҍ GEBCO ETOPO ̆ ң ѿ

ѿ Ȃ׆ 4- 1 4- 2 ∞ ѿ ҹ ̂Ҭ ̃̆

̆ ȁ ȂSRTM ԍῒז

ң ̆ ҹ Ȃ C- CĽ ₮ SRTM ľ Ŀ

̂ 4- 2 ̃̆ᵖ ҍ GEBCO ETOPO ₮

Ҍ Ȃ 
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( a) A- Ań  
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 ( b) B- Bń  
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( c) C- Cń   
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( d) D- Dń  

   4- 3 Ғ ẅ  

 

ṿ ῏ D- DĽ ̆ 111£E- 114£E ῤ̆Ҍ ҩ

̆҈ Ȃ ᵝԍ ῤ̆

̂ 4- 1 ̃̆ ғ҈ ₃Ӎ ̂ 4- 2 ̃Ȃ

ץ Ҍ ԅ ṿ

Ȃ ̆ ԍ RM4ȁRM5 RM6 ̆

116£E- 122£E ῤ̆҈ Ȃ
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҈ҩ ғ ԍᶷ ᵝ ̆ ̆ ṿ Ҍ Ȃ 

҉ ץ ҹ̆ ᶏҌ ̆

ṿ Ҍ ̆ Ȃ 

4.3   

Ҍ ѿ סּ ̆

Ȃ Ӈ ṿ ᴪ֟ ̆

ῤ̆ Ҋ ױ № Ȃ ԍ Ҍ ̆

ױ ṿ ֲҹ ץ ֟ ̆ ╠

№ץ ṿ ֟ Ȃ ԍ ̆ ᵥ

̆ ױ ҹ 1 № ETOPO № ̆

RM2 ṿ Ȃ 

4.3.1  ᵩ  

’̆ Ẋױ ᵣ 20% ̆ ṿֲҹ

⁞ 20%Ȃ ╠ ṿ ̆

̔ 

                        

                      (4-1) 

ῒҬ̆ ҹ ̆ ҹ i% ̆

ҹ ╠ Ȃ 

0

max max

0

max

Z Z
100%

Z

i

d
-

= ³

d
maxZi

0

maxZ
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 ( a) ᵩ 20%  

 

 ( b) ᵩ 20% 

4- 4 ᵩ ╦ ‟ 
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4- 4 ᵣ 20%╠ ṿ

’̆№≢ 50mȁ100mȁ200m 500m ̆

ⱴ̆ ⁞ Ȃ ץ ₮̆

̆ ῤ̆ץ5% ῒ 200m 500m ᵝ ₃

Ӎ Ȃṿ ῀ ̆ ῒ

῀ ֟ ȁ ̆ᴰ ̆ ֟ Ȃ 

ױ ̆ ᴰ ̆ ῒ ȁ Ȃ

ԍ ̆ ̂ ̃ ԍ ̂₃

₃ ̃̆ ᶏῒ֟ 20% ԍ Ӟ ̆ Ӟ ֟

ԅ 4- 4 ̆ᵖ ԍ ᵝᴪ֟ ѿ Ȃ 

4- 5ҹ ( 117. 427£E,  22. 336£N, ᵝԍ 4- 4 50m ҉)

ᵣ 20%ҍҌ ’Ҋ ⌠ Ȃ ץ ̆

ṿ ѿ ̆ ᵝ Ȃ ᵌҹ ᴰ ̆ῒ v

ᵌ ҹ ῒ̆Ҭ gҹ ⱬⱴ h̆ҹ Ȃ h ᵣ⁞ 20%̆

v ᵣ ҹ ̆ ᴰ Ӟ ҹ 1/ =1. 118Ȃ

4- 5ҹ COMCOT ᴆ Ҋ ̆

ױ ԅ 2 ҩ ᵝ ᴰ ̆ῒ №≢ҹ 4568/ 4082=1. 119

7636/ 6832=1. 118̆ ҍ ṿѿ Ȃ ̆

ṿ ̆ Ḥ ᵝẒ ҹ Ȃ 

 

 

4- 5 ᵩ 20%╦ ( 117. 427£E, 22. 336£N)  

 

4.3.2   

҉ ԍ ᵣ ҉ ԍѿ ’ Ẋ ̆ҹԅ

ᵣ ԍ ṿ ֟ ̆ ױ ᴰ ѿ

ῤ ѿ ֲ̆ҹ ῒ ¤10% ¤20%̆

v gh=

0.8 0.8
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ץ Ȃ ↕ҹ ̆ ҹ ῤ

0. 3%̂ 850ҩ Ȃ̃ɰ RM2 ṿ ̆ ( 4- 1)

╠ ̆ 4- 6 Ȃ 

   

 ( a) 10% 
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( b) 10% 

   

( c) 20% 
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 ( d) 20% 

4- 6 ╦ ‟ 

 

׆ 4- 1Ҭ ̆ ̆ ӊ ̕

̕ Ҭ ̂ ̃

₃Ӎ ̕ Ҭ ̂ 4- 1̃ №

ȂҺ ֓ ᵝԍ ̆ ̆

Ӟ ԅ Ҍ ԍ 4- 4 ᵣ ’Ҋ ȂҌ ̆

ῤ̆ץ20% ῤ ̆ ץ

ԍ ṿ Ȃ 

4.4   

ᴰ ҍ ℗ ῏̆ ṿ Ҭ̆

ѿ ῀ Ȃ Ҭץ ҹ ץ̆

Ḳ‖ ҹ ̆ SRTMȁETOPOȁGEBCO҈ ̆

ԍ ṿ ̆ Ҋץ⌠ ̔ 

( 1) Ҍ ᵣ҉Ḡ ѿ ̆ᵖ ֓ ׅ

Ȃ ᶛ ̆ ṿ

Ҍ ̕ᵖ SRTM ṿ

ҍ ETOPOȁGEBCO ѿ ≢̆ SRTM ԍ
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Ȃ 

( 2) ѿ ῤֲҹ ץ ֟ ̆ ṿ

ԍ ṿ₃Ӎ ̆ᵖᴪ֟ ѿ

ᵝ ̆ ᶛ ԅ ᵝ ҍ № ѿ ̕

ṿ̆ᵖῒ

ӊῤ Ȃ 

҉ ̆ ṿ Ҭ̆ ԍ ᵥ

ԍ ̆ ԍ

Ȃ ̂ᵞ ̃ Ҋ̆ ԍ ṿ

̆ ╠ ᴰ ṿ Ȃ 

ֽ ԅ ԍ ṿ

Ȃ ҉ ȁ № ⁞ ῏

ᵬҬ̆ ṿ ῏ ̆ Ҋѿ ῀

ԍ ṿ ̆ ΐ ӈ ᴇṿȂ 
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֒   ┼ 

5.1   

ԋȁ҈ ԍ PTHA῏ ȁ̓͂ ԅ

῀ ̆ 3ҩ ץ ᶛ PTHA ΐᵣ ̆ ₮ԅҌ

ץ Ȃ ѿ ԍ ̂ᶛ

̃ └ ҍ ΐ ӈȂ ֽ ҈ҩ

№ Ҍ ̆ ԍ ҍ ȁ ҍ

ȁ ֲ ȁ └ ̆ѿ ῃ

ᵣ ῏ Ȃ 

҈ ₮ ԍ PTHA ̆ ⌠ ̆

№ ̆ └Ҍ

Ȃ 

5.2  ┼ 

2-1 3-1̆№≢ҹ ҍ Ȃ

ԍ ̆ 122.5£E 31.0£N 109.6£E 18.1£N 10m

ṿ 1480ҩ ץ № Ȃ 

└ Ҋ̔ ҈ ׃ ԍ PTHA

1480ҩ Ҍ Ȃ ԍ ̂

№̃≢ 200 ≠̆ ᴰ ṿ

̕ ԍ ̆ 30 ̆

ᴰ ṿ Ȃ 1480ҩ PTHA №

̆ └ Ҍ 1mȁ2mȁ3mȁ4mȁ5m ԍ 1 ȁ10 ȁ50

ȁ100 ҹ № ̆ 5-1 5-5̆ ғ └ 1mȁ2mȁ

3mȁ4mȁ5m № ̆ 5-6Ȃ 

̔ Ҭ ᶷ Ҭ ҹ ҉ ҈֒ 10m

1480ҩ Ȃῒ ҹ ṿ̆ ҹ ṿ̆ №≢

ף 1 ȁ10 ȁ50 ȁ100 Ȃ ҹ ҍ

Ȃ 
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5- 1 Ҳ (1m) ⅎ  
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5- 2 Ҳ (2m) ⅎ  










































