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ד   ὑԛӢ Ȳ ẁ Ɫ ứȳ ᾼ ȲӼה ѭϩ Ӣ

֪Є Ὅ Ἤ כ ⅍ цῈᴁᾼ Ȳ ᶝἬ Ȳ2017דү

ẃ Ȳ Ϛ֤Ɫѭϩ ᴾ 82%Ȳ ϡ֤ᵛⱢ ᴾ 9.3̟ ȲЬ Ɫү ϡЄ

ẃ Ȳ ӑẃӔ ԛӢ ậ҅ Ȳᵀ ЬⱢԛӢ ᾼẒ ПֵȲṳ‍

ᵛ ậ҅Ȳ ◕ẃ ֯ӭ›ᾼү Ṽ ╥ЛҠἨ ᾼϚ иȴ

―ᵓȲϷצẔ҆Ϣ ᾼ Ȳү ֪Ɫὑὰ ӻꜜ Ȳ֮ ȲЛю ṿ Ἢ⅞ắ

ꜙᴟ Ȳ ḳ Ӣ֯ ṿ   ҷ כ ҵ♪∟Ὠ Л Ȳ֪ױ

Пֹו ҵ ȴ 

צӐѝᵓӣױ֪   а ᾎ ABAQUSȲẃ Ѝ ᾼ   ᴩЁ Фạ

ɎSoil-Structure InteractionɏиέȲѿѩ ἤ֮ ц ᴕ ֮Ё ᾼắ П ἤȴ

Ӧὑ Ϯ Бדצ ᾼ וֹ ⇔иέׁשṅȲ֪ױ ϚḔᶺ ѿ וֹ ⇔ẃ  

П ₤Ӕ Ȳ ϡ и⁄╥ѿ EERA(Equivalent-linear Earthquake site Response Analyses)

ׄԓ ֮ (Safe Shutdown Earthquake)ч ɎDeconvolutionɏȲѿḖ SSIиέ

Ё Ἁ ϤП֮ Ȳ֝ ABAQUSЁ Пᴞ EERAἬḖ Ȳ֝ד

Ϯ иᵛѩ SSI ἤ֮ ắ ∟ ч Ȳѩ ֢ ὰч ц ᶮȴ 

 
ֿ: Ϯ   ȳ Ἥ ϩȳᴞ ȳЁ ФạȳABAQUS 

 

ABSTRACT 
  Compared with renewable energy power generation, nuclear power generation provides a more stable and 

efficient power generation mode, and there is no problem of greenhouse effect and air pollution caused by a 

large amount of exhaust gas generated by thermal power generation. According to statistics from the Energy 

Bureau of the Ministry of Economic Affairs, the source of power generation in Taiwan in 2017 The largest is 

thermal power generation, which accounts for 82%, and the second is nuclear power generation, which 

accounts for 9.3%. It is still the second largest source of total power generation in Taiwan. Although renewable 

energy is being replaced by nuclear energy in the future, nuclear power generation is still twice as much as 

renewable energy and cannot be replaced in a short period of time. At this stage, nuclear power generation is 

still an indispensable part of Taiwan. Although nuclear energy is economical and convenient, it still has its 

worrying shortcomings. Because of the frequent earthquakes in Taiwan, many houses have been damaged or 

even dumped due to strong earthquakes. If the disaster occurs in nuclear power plants, the radiation will cause 

radiation failure. The consequences of the leak will be unimaginable, so the seismic design of the nuclear 

power plant should be strictly examined. 

  Therefore, in this paper, we use the finite element method software ABAQUS to analyze the soil-structure 

interaction(SSI) of the Maanshan nuclear power plant containment to compare the rigid site assumptions with 

the actual consideration of the SSI behavior. Since there are some research papers on the ultimate compressive 

strength of the containment , the first part is to verify the model of the containment body with the ultimate 

compressive strength. The second part we use the software EERA (Equivalent-linear Earthquake site Response 

Analyses) to performs Deconvolution on the Safe Shutdown Earthquake(SSE) to obtain the seismic duration of 

the soil at the bottom , and confirms that the natural vibration frequency of the soil in ABAQUS is the same as 

that obtained by EERA. In the third part, we will compare the structural reaction difference between SSI and 

rigid site after earthquake, and compare the response spectrum of each floor and the damage of contaiment. 

 

Keywords: Maanshan containment, Ultimate pressure strength, Natural frequency, Soil structure 

interaction,ABAQUS. 
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Ϛȳׁשṅ ӭᾼ 

  ү ᴯὑὰ ӻꜜ Ȳ֮ ♄ Ȳ

Єḳ ἤ֮ ֽ 921 ֮ ȳ0206ּר

ȳ0206ῧ ֮ Єֵ ᾼ∂ כ

ꜙᴟ Ȳ ḳ Ӣ֯ Ẕ∟Ὠ

Л Ȳ֪ ױ Пד וֹ

ҵ ᴕ ȴ 

  Ϛ וֹ Џ ѿ ἤ֮ ᴩ

иέȲ ᴖ ὑЄ₤ ᴖṕȲẔắ֮

ᶮἤП −ЄȲ֪ױЁ Фạ

ɎSoil-Structure Interaction,SSIɏ╥ֹו

ᴕ ӭȲẔЛҬḟứ ᾬ Ἤ

ắ֮ ϩПЄЊȲ֝ Ӽ ẁẔ҃ 

Ἤ П Ϥ Ȳ֪ Ёױ Фạ

ὑ וֹ Ɫ ПϚȲּר

І ỗ (U.S.NRCɏḆ ứ וֹ

Ϛ Пֹו Ӈ Ṷ SSIиέѿ

’ ׄԓȲ֪ ṅשӐׁױ ӣצ а

иέ ABAQUSȲ∂Ӵ Ѝ

  ₤цẔϯ Ё Ȳ Ẕ в

Ἤ ἭắП ϩȲѿц֯ ắׄԓ ֮

(Safe Shutdown Earthquake)Ẕ ᴩⱢ

ᾼ ȲṳḖ Ё Фạ ₤

Пᴞ Ȳ Ϛ ἤ֮ ₤ѩ

ȴ 

 

ϡȳ   ￼ Ю  

2.1 ￼ Ю  

  ү Ϯ ȲӦү ϩеҨ

Ἤ Ȳ֪ Ὼ Ѝᴖϭ Ɫ Ѝ

ȲⱢ Ϛ ὑ⁮ү П Ȳᴯὑ

ү ⅜ὧ ⌡╡ ȲⱢ Ϝ е в

֮ ПϚȲ ᵿӭ›צẒ ṿ

ӣȲ Ẓצ ֢ 95.1 Ӡ ᾼ Ѭ

чה ȲẔ   ꞋⱢה₤ ϩ

Ё₤Ȳ וֹ ⇔Ɫ 452kPaȴ 

  ȳѬϩȳѭϩП Ԛ Ɫ ᾎ

ṿḦ ȲḦ ⱢϚ Мїצ П

Ȳ Ὲ ȳѬἨ ᵛ

ї Ȳ ᴖ оⱢ

Ȳᴖ Ἤṿӣᾼ ϩẃ ᵛ╥ и

Ὅҏẃᾼ Ѭс ḦоⱢ ḦȲ ї

(Reactor Vessel)М צ Ȳ ẁ и

ч П ȲѬ֯ їМ Ғ ⱢѬ ḦȲ

ᴟḦ ᴖ Ȳ

Ḧ ѬἨẔ҃ Ѡᾎᵐ⁯ⱢѬ∟ᵛҠ

ԛװᾃϤ ї ч ȴ 

  Ṽ ᵐ⁯ѬἬṿӣᾼ ѻ

ҠиⱢ Ѭהч (Light Water Reactor)

ц Ѭהч (Heavy Water Reactor)ȲẔ

М Ѭהч Ɫṿӣ Ѭẃᵐ⁯ч

цṿ ᾼМІ Ȳ Ѭהч

⁄╥ṿӣϚ оϡ (D2O) Ɫᵐ⁯ Ȳѷ

ꜜ֢ ӣᾼⱢ Ѭהч ȲẔМ

Ѭהч ϭҠ иⱢ ϩהч

(Pressurizde Water Reactor,PWR)цᾐѬה

ч (Boiling Water Reactor,BWR)Ȳ֯

Ѭהч ֵҏϠ Ḧ Ӣ (Steam 

Generator)ȲẔ ☼ Ɫԛч Ӣ

Ѭ ᴟ Ḧ Ӣ Ӣכ ḦȲԛ ᴟ

Ḧ ȷᴖᾐѬהч ⁄᾿ ԛ

ч М Ӣ ∟ ᴟḦ Ȳӭ›

ѷꜜ ӣᾼ₤הⱢ Ѭהч Ȳ֝

Ѝ ӼⱢױ  ȴה₤

 

2.2   ￼ Ю  

Ѝ   ╥Ϛ ▀

ϱ ҙ ᶮ ᾼ Έ ▀ ᾬ

(Dome-Cylinder Type)ȲӐѝ

ṳѹ ѝ   ֽ 1ἬӱȲ֮

ϯ⅍ѿцἉὰᾼ и֪ ֥ч ᾼ

Ὅ цҔᵶ Ệứế ϩ ᾼ

(Tendon Gallery)Ȳ֪ױ Ɫ ȲⱢϠ

иέᾼѠ―ц ⇔ȲἬѿᶺ оⱢҙ Ɫ

22.2505еѐȲ ⇔Ɫ 7.925еѐᾼ

ἉὰȲ ▀ и⁄Ɫ 1.219еѐ⁴ȲΈ ᾼ

и⁄Ɫ Ȳв иᾼ ї֯ Spring 

LineϱȲẔҙ Ɫ 19.812еѐȲҵ ᾼ

и ї֯ Spring LineϯѠⱢ 0.254еѐȲẔ

ҙ Ɫ 21.038еѐȲ֯ ▀ѿцΈ ᾼ

и Ӑϱ╥ӦѬӂѠ֣ᾼ ֣ ȳ ϩ

ѿц₣᾿Ѡ֣ᾼ᾿Ӵ ȳ ϩ Ἤ

  ȴכ

Ϯȳ   цЁ Ḋ  

3.1 ЁḊ  

   Ӧὑ Ё ᴟЭБ‍ ϵ Ȳ֪ױ

ẔḊ ϷצϠṷ ⁄ц еה

Ḋ ᴩⱢȲ ὑ Ёắ ϩ

(Uniaxial-Compression Test)П ϩ

https://zh.wikipedia.org/wiki/%E6%B0%98
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ֽ 2ἬӱȲ МҠѿכҏ Ё ϩ-

פ ֯ᴍиПϮϫᾼ Єᶼ ⇔ '

cf  

(Maximum Compress Strength)ᾼ вꞋ

═ ἤᴩⱢ(Linear-Elastic Behavior)ȴ

ἤ (Elastic Limit)ᾼ Ȳ ϩ

- פ ֯ 0.75 '

cf  ~0.9 '

cf  ᾼ Ở

ѹפ Њ᾿ẞὙ פᴟפ

'

cf ȴ Ϡפ '

cf П∟Ȳ ϩ- פ

Ởϯ ᾿ẞ Ӣ (Crushing 

Failure)Ȳ Ẕ Ɫ ueᴖ ᾼ ϩⱢ

uf ȲӐѝ Ϯ ἬṿӣḊ

ֽῶ 1ἬӱȴӦὑӐѝиέ ὑ֮

иέ ὑ ϩ Ȳ֪ױὑABAQUSМ

ӣConcrete Damaged PlasticⱢ Ё

₤ȴ 

 

3.2 Ḋ  

  Ɫᵌὢ ЁᶼἮ ⇔ЛṜП Ȳ

Э Ё ҒϤ ẃ сᶼἮ

⇔ȲᵛכⱢ Ё (Reinforced 

Concrete Structure)ȴϚ ֯ắ

ắἮẓ֝דצП ϩ Ȳפ ὑἋἤḊ

ȲẔ ϩ иⱢ ἤȳ ἤȳ

оᴟ ҳ ◕Ȳ֯ѩẂ ⇔

(Proportional Limit)вȲẔ ϩ ’═

ἤ …Ȳ ϩ Ғᴟ Ԇ ∟ Ϥ ἤ

ȲẔ ϩЛԛϱсἨ Ɫ юᵀ ⁯

Ғ ֵȲᵛḊ ẞ Ԇ ⇔ ys Ȳ ἤ

ḇ∟ᵛ Ϥ о Ȳ оṿ

Ḋ ἭắП ϩ Ғ ẞ ϩ

Ȳ ∟ẃẞ ◕ ϩ ю ≡

Ғᴟ ȴ ᴖӦὑ ϩ П ᾼ‍

ἤᴩⱢ ₤иέ ѿן Ȳ֪ ױ Ẕ

ậⱢ ἤ ϩ פ ֽ 3Ἤӱȴ 

  Ѝ Ӓׄԓиέ ᵫ

(Final Safety Analysis)Ἤ ẁ Ȳ Ϯ

ἬṿӣП Ɫ ASTM A-615 Grade60

ȲẔ ἤ (E)ȳ▼ὲѩ(ɡ)ȳ Ԇ ⇔

( ys )ֽῶ 2Ἤӱȴ 

 

3.3 ϩ Ḋ  

  ϩᾼѻ ӣ ֯ὑ Ё ὑ

ᶼἮ ϩᾼЛṜȲẔ ֯ὑѿ ϩ

Ϥ ЁвȲṿ Ёв Ӣ ϩȲἋ

Ё ϤắἮ ◕ȴϚ ӣὑ Є

П Ȳ ѿὂᶼ ЁӐṝᴞ Ἤ

ӢПἮϩ Ȳᴖ Ϯ   ӣ ϩ

Ёᾼӭᾼ֯ὑ ẔἭ ϩȴ 

ϩ ҠиⱢϮ ᶮהȸ ȳ

ц֥כ ȲӐѝἬׁשṅП Ϯ Ἤ ӣ

ᶮהⱢ ȲẔἬṿӣᾼḊ Ȳ֝ד

ᵀӦὑ ᾼᶮהⱢ ᾭ ḇȲ֯ ắ Ἦ

ϩ ṿ ᾭ ḇ Ἦ Ȳ̓ṿ ѫ… ṷ

ϯ ᴖЛ╥ֽ֝ ᾼ 200GPaȲϚ פּ

֯ 185~195GPaП Ȳ Ԇ Ϸ ЛὙ

Ȳ ӣ Ɫ 0.01 Ἤ ẞᾼ

ϩ Ɫ Ԇ ϩȲӐѝἬ ӣП ϩ ₤

Ɫ Grade270ȲẔḊ ֽῶ 3Ἤȴ 

 

3.4Ё Ḋ  

  Ё ὑ ⇔‍ ἤḊ Ȳ֮ ᾼ

ЄȲẔ‍ ἤᴩⱢᵛ Ὑ Ȳӭ›֯Џ

ϱ ӣẃᴷ ‍ ἤ ἤᾼѻ ѠᾎПϚ

ᵛⱢ ἤоᾎ(Equivalent linearization 

method)Ȳὑ ד1968 SeedἬ ҏȲϚ

ᴕ Ё ‍ ἤ ἤᾼѠᾎȲẔѿϚ

ᾼ ϩ ц Ҽѩ ҅Ё

Ḃ ᾼ ϩ ц ҼѩȲ ‍ ἤ

оⱢ ἤ ȲẔ ᾼ ậѠᾎ ậ

֮Ё ∟ ȲӐѝ ӣ

֮ ṅМїἬשׁ ẁПЁ Ȳֽ           

ῶ 5Ἤӱứ ҏ Ѝ ЏᵿЁ П

ϩ ȳ ⇔ȳ▼ὲѩȳ Ҽѩц ϩᾌ

ȴ 

  ӦὑӐѝ ᴩᾼЁ Фạ֮

иέ ὑ ϩ Ȳ֪ иέ֯ױ Ғ

Ϥ ᾼ ҼИ צ ᾼ Ṇ

ᴩⱢȲ֯ ABAQUSМ  ҼᾼѠᾎⱢ

ᵓ ҼɎRaleigh Damping)ȲẔ ҼӦ

ц⁬⇔ Ἤ  ȴכ

[] [ ] []C = a M + b K
 

  ẔМŬⱢ  ҼѩẂ… ȲɓⱢ⁬⇔

 ҼѩẂ… Ȳ ᵓ Ҽ ὑ  Ҽ
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(viscous damping)ȲᴖЁ ᾼ ᴩⱢ

⁄ Ὼᴿὑ ἤ Ҽ(hysteretic damping)

Ɫ ῺȲⱢϠ ᵓ Ҽῶ Ɫ ἤ 

ҼȲ ѿϯᾼеה ȴ 

  Ԓ Ё Ṇ ắϚ Ɫɤ

П ҵϩᵂӣ ȲṆ ᾼч ҠԝⱢȸ 
i tu(t) =Uew  

  ԛ u(t) ᴩϚװцϡװ иᵛ

Ҡ ẞ ⇔цҒ ⇔ч : 
i tu(t) = i Ue i u( t )ww w  

2i tu(t) = i Ue u( t )ww w-  

  Ṇ Ѡ  :Ɫה
2 u(t) i u(t) u(t) (t)w w-  

  u( t ),u( t ), u( t ) Ϥ Ѡ Ҡה : 

() () ()2   1    
M

Mu t i Ku t P t
K

w aw bw
è øå õ

- + + + =æ öé ù
ç ÷ê ú

 

ᴖ  Ҽᾼ Ѡ  :Ɫה

() ( ) () ()2   1  2    Mu t i Ku t P tw x- + + =  

ѩ Ẓ῏П… Ҡ ѿϯ …: 

2
M

K
x aw bw= +  

  ᵓ ҼМ ⁬⇔ᾼ ד

ȲѹṆ ч ѻ МὑṆ  

ῺȲ⁄Ҡ ẞŬцɓҠῶӱⱢȸ 

n

n

a xw

x
b
w

=ë
î
ì
=î

í

 

  ẔМ nwῶӱⱢṆ ȲᵛҠѿ

ϱהᵓӣ ABAQUSП ᵓ Ҽẃ

 Ҽ ȴ 

ҳȳׁשṅѠᾎ 

4.1 ₤∂Ӵ 

4.1.1   ₤ 

  Ӑ Ю ֽᴶὑ ABAQUSв∂ӴЁ

Фạ ₤Ȳ ԒⱢϱ   Ȳ

Ӧὑ   ד ȲẔв ҔᵶϠ ᾼ

Ȳѿц ᾼׄԓ  ȳἉὰ

Ȳ Ἤצ ∂ ὑצ а иέ

вד ЛὔȲ Ϡ Ғ й ᾼ ⇔Пҵ

Ӽ Ғиέ цן ᾼᵺ ⇔Ȳ֪ Ӑױ

ѝ ᴕ(Hsuan-The Hu,Jun-Xu Lin,2015)

иέἬṿӣᾼ ֽ 1ἬӱȲ Ё  

ҵ и ӣ C3D8I а Ȳὑ ᾪ

⁴⇔Ѡ֣ѿϚ а Ȳױҵ Ёв

П֢Ѡ֣ ȳ ϩ ẔắϩᾭᾓꞋ ὑ

Ϛ ᴩⱢȲ֪ױ ӣ T3D2 ἤ ▐а

Truss∂ Ȳԛѿ*EMBEDDED ELEMENT

╓҆ ц ϩ Ϥ ЁвȲẔЛ

ᴕ ц ϩ ЁП ᾼד

Ȳв ὰ⁄ṿӣ Shell а Ȳ Ẕ

ѿ*Tie ╓҆   ѿ (Surface to 

Surface)ᾼѠה ֥ὑ Ё   Пвῶ

ȲẔṿ ὰ Ёвῶ ֯ ᶮ

֥ṳẓ֝דצᾼ ȲɲѿϱᵛⱢϱ

  ὑ ABAQUSв֢Ḋ Ἤ ӣᾼа

цП ֥ᾼѠᾎȴ 

4.1.2Ё ₤ 

  ӐѝвЁ П ₤Ҡ иⱢẒ иȲ

Ϛ и֯Ὼ ѿ C3D8I а ∂Ӵצ

Ё Ȳ ϡ и⁄֯ ѿ CIN3D8а

∂Ӵ Ё Ȳ צ ד Ȳ ∟ᶙ

ПЁ ₤ֽ 6Ἤӱȴ ṿӣ Ё

ᾼ ֪֯ὑЁ ᾼᾌ ὑ

Ȳᵀắ ὑ ᾎ Ὲ Ȳ֪

֯ױ ѿ а (infinite element)

ᵮ Ȳꜜṿ ꜜч ᾌ Л ֫Ὼ

Ё МȲḆῺᴿὑ ᾓ Ё

П ᶮȴ 

רּ   Џᵎ (United States 

Army Corps of Engineers)Ἤ∂ ȲЁ ѐЉ

ᴟю ѐЉᾼ 7 ѿϱȲᴖ Ѝ

  ᾿ Ɫ 44.501еѐȲ֪

ᶺױ ∂Ӵ  Ɫ 500m ПѠᶮЁ ₤

Ɏצ Ё 250 250m m³ , Ё

500 500m m³ ɏȲẔѐЉ Ɫ 11.24Ȳ ֥

USACEἬ∂ П ₤ѐЉȲ ⇔Ѡ ⁄∂

Ӵᴟỵ Ἤ֯ᴯ ֮ῶϯ 76.2еѐȴ 

  ᴕ   Ɫ ϤЁ вП ה

ȲẔắ Ё П Ӣד ᾼ

ᶮ ЛЄȲѹӼ‍иέП Ȳ ѿ

ABAQUSвПContact Pair╓҆ẃứ

ᴩⱢ⁄ ῧ Ӑ֯Ḗכֵ Ἤ Ӣ

ᾼ‍ ἤᴩⱢȲ֪ ᶺױ Ё   П

ᴩⱢѿ ABAQUSвП Tie╓҆ẃứ

Ȳѿ   Ἁ Ɫѻ ῶ (master 

surface)ȲЁ Ɫ ῶ (slave surface)Ȳṿ

  Ё Л Ӣד Ȳѿ ע

Ӑכ ὑ   Ἤ ПҒ

⇔ч ц ᶮȴ 

4.2ῴỞ ϩ╟Ғ 

    Ӧὑ Ѝ   ὑ ϩ
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Ё Ȳ ϩ ὑắ ȳ֮ ϩᵂӣ›

Б֯׀ Ἦ ϩȲ ᾭ ϩⱢ 1326MPaȲ

Ір Ѡ֣Ɫ 1398MPaȲӐѝὑ ABAQUS

ӣ Predefined FieldᾼѠהẃứ ῴỞ

ϩȲ ϩ╓ứὑ МȲẔ╟Ғᶙ Ὠֽ

7ἬӱȲּמᴥ ◕ᵛ צ Ἦϩᾼ ϩ

ȲӦ ᶮ МҠכҏӦὑ ϩᾼ╟Ғ ṿ

ᶮȲ   ֣в Ȳẓצ

ḇᾼ ὨȲѿױ ὡ   Ἥ ϩȴ 

4.3ῴỞ֮ ϩӂ  

  ὑЁ Фạ ₤(SSI)М ᴩиέ

Ȳ ԒӇ ᴩЄ֮ῴỞ ϩӂ Ȳӣ

֯ὑᶺ Ἤ ῀ᾼ ֮Ё ѐЉцЄЊ

╥֯ắ ϩ ᶮ∟ᾼҵ ȲẔБᵶ֮צ ϩ

֯ Ȳ ᶺ ῀Ё ᾼ֮ ϩȲṳ֯

∂ ₤∟ ֮ ϩ ϤᴟЁ ₤ПМ

ԛ╟Ғ ϩиέᵛ ֥ ᾓȲ ᴖ

֮῀ ֮ ϩЄЊ╥ד ᵺ ᾼȲ֪ ױ ṿ

ӣABAQUSвᾼGeostatic╓҆ẃ ᴩ֮

ϩ ȴ 

  GeostaticвἬ ậᾼѠᾎ╥Ȳɔ ӣᶺ

Ἤ∂Ӵᾼ ᴶ ₤╟Ғ ₤Ϛ ᾼ

ϩế ꜜ Ԉ Ȳ ẞ ᶮ∟ ֮ѐ

ЉЛᶙԓ֝דᾼвϩῺᴿ Ɫ ֯Ё ᾼ

֮ ϩȲԛ Ẕ╟Ғὑ ֮ѐЉד

ᾼЁ ₤МȲֽ Иױ ẞ ᾭᾓ

ӐϚ ᾼ ₤Ȳ―╥֮ ϩӂ ᾼӣ ц

ȴ 

  ֯ ABAQUSв ứ ֣Ё ϩ…

ȲẔ ▼ὲѩ(ɛɏ ᴩ ȲеהⱢȸ 

ɛ

1 ɛ
0K
-

 

  ӐѝἬṿӣᾼЁ ▼ὲѩⱢ 0.4Ȳ֪ױ

еה Ҡ ֣Ё ϩ… Ɫ

0.667Ȳ Ɫ∟ ֮ ϩӂ П ȲẔ֮

ϩӂ ∟ᾼᾭᾓֽ 8ц 9Ἤӱȴ 

4.4ׄԓ ֮ (Safe Shutdown 

Earthquake) 
  Ϛ ẃ ֮ ᾎ᾿ ӣẃ Ɫ

ϩ иέП Ϥ֮ Ȳ֪ ⱢẔ

ч ᾎ Ṝ П ḖȲ Ẕч

ᴩ ȴ Ϯ ׄԓ Ѭ ֮ ПѬ

ӂ֣₣᾿֣ч П ֮ῶҒ ⇔ꞋⱢ

0.4gȲ ѿ֮ ₤ẃכȲẔ҅ῶП ᾓ

Ɫפּ Ϯ 10еṭв ӢϚ Єὑ

7.0П֮ ȲӦὑ ҟᾼ ҭ ֮

Ẕ Єὑ 7.0Ȳ֪ױӐѝиέἬ ӣ֮

40еṭв TCU071

Ἤ П֮ Ȳẃ ӦϢЏ ∟ ֥

Ѝ Ἤ Пׄԓ ֮ (Safe 

Shutdown Earthquake)ȲϚ Ɫ SSEȲ

ᾬ ẞן SSE Ȳ в

ԈӇ ѦṿӣȲ∕ ׄԓ

ѠҠԛ⇔ ṿӣȴ 

  Ӧὑ ϢЏ ∟ᾼׄԓ ֮

(SSE)Ẕ ẞᾼҒ ⇔ Ɫᴯὑ  

ᾪПҒ ⇔ȲT ֯ ᴩЁ Фạ ϩ

иέ ╥ Ғ ⇔ӦЁ Ἁ ϤȲṿ֮

ϩӦЁ Ἁ ᴟ ᾬИ ֥

ᾼ Ȳɲ֪ ױ Ԓ ׄԓ ֮ Ӧ֮

ῶч (Deconvolution)ᴟỵ ᴯ Ȳ ẞ

ᴯὑỵ ПҒ ⇔ И ѿ ᴩ∟

ᾼ ϩиέȲӐѝӣẃ Deconvolution

П Ɫ EERA(Equavilent-linear 

Earthquake site Response Analyses) 

  ∟ᵛҠ ẞ Deconvolution∟

Пὧᴫ֣֮ Ғ ⇔ ֽ 10ἬӱȲẔ

Ғ ⇔ Ӧ 0.4388g ᴟ 0.38gȲ

ֽ 11ἬӱȲ֢ в ᷉ … ֽ

12Ȳ֝ SSE⁮Җ֣ Ϥ EERA ᴩ

DeconvolutionȲἬ ᾼ Ὠֽ 13ᴟ

15ȴױҵ ה ϯה Ё ᴞ

Ɫ 1.786HzȲҠ ∟ ѿ ABAQUS∂

ПЁ Фד ȲẔМ Ɫ֢ ϩᾌ Ȳ

ih⁄Ɫ֢ ᾭЁ ⁴⇔ȴ 

1

1

4

N
i

n

i i

v

h
w

=

= ä  

Хȳ Ὠ  

5.1ᴞ иέ 

5.1.1Ё ᴞ  

  ӐЊ ԒḖậЁ ₤Пᴞ

EERAἬḖ П Фד Ȳṳ

ABAQUSМḖ П ￼ ȴ

П ἤ Ѡ Ϛה ҠԝⱢȸ 

[M]{u}+[C]{u}+[K]{u}={P(t)}  

  ẔМ MȳCȳK иᵑⱢṆ ȳ Ҽ

ц⁬⇔ ȲӦὑ֯Ḗ ᾼ МⱢᴞ

ɎNatural vibrationɏȲᵛ ҵϩᵂӣ

ϯПᴩⱢȲ֪ױ Ң Пҵϩ Ɫ Ȳױ

ҵӦὑ Ҽ ᾼ֯׀ ṿ Ḗ ᴞ

ᾼ ד ȲѹϚ П Ҽ

… ᶁꜙЊȲṿ ᴕ  Ҽ ἬḖ Пᴞ

ц ᴕ ῏ ЛЄȲ֪ ױ
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ѿϯה ҟ Ҽ Ḗ Пᴞ Ѡ

Ἤה П ὨᵂⱢ Пᴞ

ȴ 

[M]{u}+[K]{u}={0}  

  ԛ Ẕ Ɫϯ҅הϤȸ 
i tu ewf=  

  Ҡ ֽϯȸ 
2([K]-[ ][M])[ ]={0}w f  

  Ӧὑ [ ]fⱢ 0⁄ῶӱṆ

Ȳ֪ױҠ Ṇ Ѡ  ה
2|[K]-[ ][M]|=0w  

  Ṇ Ѡ ᵛҠḖה П

ᴞ цצ ȲӐѝѿ

ABAQUSв FREQUENCE╓҆ḖậЁ ›

200 ȲӦὑ … ԝҏ› 15

Ȳᴞ ֽῶ 6Ἤӱȴ 

  ѩ ᴞ цצ ҠὙ

ҏȲѻכ ⱢϚȳϡ ȲѹӦὑЁ

₤Ɫ Ȳ֪ Ẕ֯ױ x֣ц y֣֝דצП

ᴞ 1.7695HzȲԛѩ ›

EERAМἬ ПЁ ᴞ Ɫ 1.786HzȲ

Ẓ῏ ꜙЊȲҠ ῀ ABAQUSѿ а

Ҕ צ а Ё ᵂᾎПӔ ἤȴ 

5.1.2   ᴞ  

  ֝ ѿ иέḖậ   ᴞ

ȲẔᴞ ֽῶ 7ἬӱȲѻ Ṽ

ⱢϚȳϡ ȲẔἬ ᾼ   ᴞ Ɫ

4.9636HzȲ ᴕѝ [7]Ἤ Пᴞ

4.68HzדῺȲẔ ᾼѻ ֪ ֯ὑ

Ӑѝ   иέ ₤ҒϤв ὰȲṿ

⁬⇔ сἬ ȴ 

5.2   Ἥ иέ 

   Ӑ◕ ᴩ   ПἭ иέȲ

ᴕѝ Фד[8] Ȳѿ   ₤П

Ӕ ἤȴӦὑἭ иέ ֯ὑ   Ӑṝ

Пв Ἥ ϩȲỮӑ ц֮ ϯ ᴩⱢ

Ἤ ᾼЁכ Фạ Ȳ֪ Ԓױ  

ϯѠ∂ Ϛ ἤ֮ ֽ 16ѿ ои

έȴ 

  ᴕ Ἥ иέМ   в ϩ

ϱсᴟּפ 800kPaȲẔ Єᾼв כ

  ᶮѹἉὰꜙᴟצҠ Ὃ Ȳ֪ ױ

ὑἉὰᾼ Ӑѝиᵑה ӣ Tie

Contact ѩ ȲTieᴕ   Ἁὰᶙԓ

֥ᵛЛᴕ в ϱс Ἁ Ὃ ᾼ

ᾭᾓȲContact⁄╥ᴕ   ἤ֮

П ד ѹи ȲẔ ϩȳ ᶮц

ҵױȲה ὑ Contact ứҳ

( 17) Ἁ Ὃ ᾼᾭᾓȲ Ὠֽ

21ἬӱȲ ∟ 22ⱢΈ ₣᾿֣ᴯ

ᴕѝ ᾼѩ ȴ 

  ѩ 18ᴟ 20Ȳ   Ἁ

ṿӣ Tie Contactᾼ Ὠ ЛЄȲẒ

῏Ꞌ֯в ẞ 739kPa ὑΈ ẓצ Є

ᾼ ϩȳ ᶮȲѹ Ở Ӣ ἤ Ȳὑ

200 ᾼὍЄ МҠὙ ṓȲכ ᾼᴯ

ⱢᴞΈ ⱢМїѿϫֿᾭ Ȳ֝

ᾪӼצᶝ Ở Ϥ ἤȲԛṿв с

ᴟ 760kPaȲ ᾪᾼ ἤ Ꞌ֣ϱἋᴼᴟ

Έ ᾼᴯ ȲӦ Ὠ ӱἉὰ ᴩⱢ

╥ TieἨ╥ ContactẔ ᾼ Ꞌ֯в

ὑ 739kPaȲ ᶧꞋⱢΈ ỞȲԛ

Ӧ ᾪ֣ϱἋᴼȴԛ 21Мҳ Ἁὰ

ᾼ₣᾿ᴯ Ȳ в ϱсצṷ

ϱὋȲᵀѐ⇔Ꞌ֯ -510 вȲד ὑ

  ЄЊ Ѿ ἕ Ȳᴖṿӣ Contact

ᴩⱢӦὑ ᴕ П ᾼ ᴩ

ⱢȲ ṿ цЄ ᾼ‍ ἤᴖ Ғ

Ȳ֪ױὑἭ иέМ ṿӣ Tie

ᵛҠȴ 

  22⁄╥   Έ в ₣᾿

֣ ᴯ … ȲẔМ
1

8
shell ◕Ɫ ᴕѝ

[3]Мѿ а ₤ẃ   Ἤ ẞ

ᾼ פ… ȲẔἬ ẞᾼ ϩ Ɫ

761kPaȲᴖӐѝἬ ẞᾼ ϩ Ɫ

739kPaȲẔצṷ ╥ӦὑӐѝ ᴕ

ѝ Ἤṿӣᾼа цḊ ꞋצἬ Ȳ ᴕ

ѝ М Ёҵ ἬṿӣᾼⱢ а

(Shell)ȲᴖӐѝἬṿӣᾼа Ɫ C3D8I

а (Solid)Ȳ ϩ Ϥ ЁМ

ᾼѠᾎӼד Ȳѝ М ӣ Rebar Ϥ а

вȲӐѝ⁄ṿӣ Embeded ElementᾼѠ

ᾎȲḊ ᾼṿӣϱѝ ӣ ₤

(Concrete Smeared Cracking model)ȲᴖӐѝ

Ἤ ӣᾼⱢ ἤ ₤(Concrete 

Damaged Plastic Model)Ȳ֪֯ױ 739kPa∟

ᵛ Ϥ ἤȲὑ 760kPa∟ ₤И

ᴟҷ Ȳ Ἥ ⇔ẃ Ӑѝ ᴕѝ ד

ῺȲ ὑ ἤᴩⱢᾼ ⁄ Ṿȴ 
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5.3 ἤ Ἁ  

  Ӧὑ   ד₤ Єϭ Ȳ֯ ᴩ

иέ ЄȲ֯ ἤἉὰиέ

ϯȲ ᴩϚ ᶙ ֮ Ϛ ҙѣᾼ

иέ Ȳṿ иέ ЛṾȲ֪ױᶺ

₤ оѿ ḖḆצ ᾼиέ

₤Ȳ≈ᴕ   Ἁ Ɫ ϤЁ П ה

Ȳ֮ Ӣ Ẕ Ё ד Ғ ⇔цᴯ

ЊȲ⁬⇔ד ὑЁ ϭẃ Є ֵȲ֪

ᴕױ   Ἁὰ Ɫ ἤѿ ои

έȲ ậ SSEὧᴫ֣ч Єᾼ ᴟה25ּ 40

הּ Ɫ֮ Ғ ⇔ Ȳиᵑ Ϥ ἤἉὰ

ἤἉὰȲѩ   Ϯ ( 23)

Ἁᾼד ᴯ ȳ Ғ ⇔ц ϩ ᶮ

ᾭ Ȳ Ὠֽ 24ᴟ 31Ἤӱȴ 

  30ц 31Ɫ TopnodeҒ ⇔

Ӣ   ᾼ ϩц ᶮᾭ ѩ Ȳ

ElasticbaseⱢ ה5.565ּ ȲRigidbase⁄Ɫ

ϯᾼчה5.33ּ Ȳ ϩἨ ᶮẔẒ῏

Ɫד ȲRὑ ὰ Ἁӻꜜ צ Єᾼ

ϩȲד ᶮ ⁄ ЄȲ֪ױ

Ϯ ц ϩ ᶮᾭ ᾼѩ

῀Ȳ ӣ ἤ Ἁᾼ Ɫ֥ Ȳѹ

Є сиέᾼ Ȳ ἤ Ἁᾼиέ

Ҭפּ ἤ Ἁᾼ Ȳ֪ױӐѝ∟ ֮

иέꞋ Ἁ֥ Ɫ ἤȲѿ

иέ ὑ ὰцΈ ȴ 

5.4 ϩиέ 

  ᴕ ἤ ᶮᾼ ה ϩиέ

ᾎ(Dynamic implicit)֯ ֪ цẞ‍

ἤᴩⱢȲṿ иέ ד ȲϭӦὑ

ӐѝПЁ Фạ ד₤ ЄȲ ᴩϚ

֮ ᵛ ╦Ϛפּ ᾼиέ

Ȳ֪֯ױ ᴩ ה ϩиέ›Ȳᶺ ѿ

Ϛ ӣᾼ Ғᾎ(Mode Superposition 

Method)ԒᴩиέȲѿḖ ֯╓ᴕ ἤᴩ

Ɫϯᾼ ὨȲṳ ∟ ᴩᾼ ה ϩи

έ Ὠ ᴩדФѩ Ȳѿϯ― Ғ

ᾎᾼиέ Ἐȴ 

  Ғᾎϭ Ɫ ֥ᾎȲⱢ

ἤ иέ ӣᾼϚ ѠᾎȲẔ Ӧ

Ṇ ᴞṝПᴞ ɎNatural Vibration 

Modeɏẃ ᾼ ч

ɎModal ResponseɏȲԛᵓӣ ἤ Ἤ

ӣᾼ ֥ ֢ ҒȲḖ

П ч ȴӦὑиέ ṿӣẞ Ӑ

ṝПᴞ (Natural Frequency)Ȳ֪ױ

ԒḖ ᴞ Ѡ Ȳvה Ɫ›

ἬḖПᴞ Ḕ Ȳ ϱ ҠḖ

ֵ ȲT ֯ ϱѿ ֵ

Ғ ד ѹЛ Ȳ ›

Ҡ῀ȲABAQUSὑ Ḗ ᾼ Мὑ

Ϛȳϡ ᵛḖ   Пѻ Ȳ֪ױ

Ӑѝ ἤἉὰ   Ἁ Ϥ SSEὧᴫ

֣֮ Ȳиᵑ ᴩ 50 Ғц 500

ҒȲѩ   ϱϮ (

23)ἬḖ ПҒ ⇔ч П Ȳ Ὠ

32ᴟ 34Ἤӱȴ 

  ӦϮ Ҡ Ȳ ὰч ֯

Ὼ   Ӑṝѻ 4.968Hzᾼᴯ

צ ҏ Ȳ ӱҏᵛṿ֮ ᾼ в

ד Ȳ ᴟ ᾬ∟ ᾬ ֮

ϩצ ᾼᵂӣȲ Ὼѻ в ᾼҒ

⇔ И ὍЄȲѹ ᾼϱс ὰ

Ғ ⇔ ЄȲױҵậ 50 500

Ἤ ҏᾼч ЛЄȲ֯

(Topnode)Ἤ ẞᾼҒ ⇔ч Ѿד

֝ȲẔ ֪֯ὑ 50 вБҔ╗  

Пѻ Ȳ ᾼ ὑ Ӑṝч

ЊȲ֪ ױ Ҭ иέ   ᴖЛᴕ

Ё ФạПắ иέ Ȳ ᾼ ậЛӇ

ֵᵛ ҏẓҠ‒⇔ᾼ ȴ 

  Ё ԝϤᴕ Ȳv ᶙ ᾼЁ

Фạ ₤Ȳ Ё Ἁ Ϥ

SSE-Deconvolutionὧᴫ֣֮ Ȳ֝

Ḗậ 50 ц 500 ҒȲϮ

ПҒ ⇔ч ֽ 35ᴟ 37Ἤ

ӱȴ 

  ὨҠ Ȳѿ 50 300

Ғᾼ Ὠ ‍ ЄȲ ╥

Ӣᾼᴯ цЄЊ Лד Ȳ֝ ᴕ

  П Ὠצṷ ȴẔ ֪֯ὑ

ABAQUSвḖậ ᾼѠᾎȲ֫ ›

Ё ἬḖ ᾼѻ Ɫ 1.7695HzȲᴖ

  ѻ Ɫ 4.9636HzȲABAQUS

֯Ḗậ ᾼ М ԒḖ ᵅᾼ

Ȳ֪֯ױ› 50 ẔЄֵⱢЁ ᾼ

₤( ᴟ 2.3213Hz)Ȳῶӱ ӑᴕ ẞ

  ᾼѻ ȲԛӦ 37ҠכҏȲ50

ᵅ ᾼч ד ὑ 300 ẃ

ֵȲѹ Ӣᾼᴯ ὑ 2HzҿҢȲ

ӱẔч ᾼ ὨѿЁ ⱢѻȲ ԛ

Ӧ 300 Ғᴟ 500 ∟Ȳ Ὠ⁄ד

Ὼȴ֪ױ ѿ Ғᾎẃ SSI
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₤Ȳ Ԓ ᾼ Ȳ ứẔ

ᾼḖậБҔᵶϱ И ѿ ϚḔ

ᾼ Ȳᵡ⁄ Ὠ ᾭᾓ ꜙЄȴ 

∟ѩ 35ᴟ 37М SSI(500mode)

Rigid Site(500mode)Ẓ Ȳ ԒⱢч ᾼ

ЄЊȲSSIᾼч ᴕ ἤ Ἁẃ

ЄȲ╥Ӧὑ֮ ᾌὑЁ ᾼ М צ

ὍЄ Ȳᴖч ᾼ Ӣᴯ ϷצἬ

Ȳ ᴕ ἤ Ἁ Ẕ ― Ӣ֯

  ѻ 4.968Hz ῺȲᴖᴕ Ё

Фạϯ ᾼᴯ ֣ҿ ᴟּפ 4Hzᾼ

ᴯ Ȳ ӱҏЁ Л ֮ ᾌצὍЄ

Ȳ֝ ᾼ⁬⇔צ оᾼᵂӣȲṿ

ᴯ Ḃ ȴ 

5.5 ה ϩиέ 

  ›Њ Бṿӣ иέѩ SSI ₤

ἤ Ἁ ₤иέП Ȳ ӱᴕ Ё

ϯṆ ч ⁬⇔ ϯ ȲṆ ᴞ

᷉ Ȳ ᴖ֯ ᵂӣϯ   Ҡ

Ϥ ἤȲ֪ױӐ ѿ ה ϩиέ

(Dynamic implicit)ᾼѠה᾿ Ḗậ SSE֮

ϯᾼч ȲẔѿ᾿ иᾎᾼѠה

Ȳ ᴕ ἬצḊ П ἤᴩⱢȲṳѿ

ἤ PEEQ(Effective Plastic Strain)

֢Ḋ ᾼ╥ᵡ Ϥ ἤȲẔ Єὑ 0ῶӱḊ

ᴯ Ӣ ԆȲ֝ Ϥ SSEὧᴫ֣

ц⁮Җ֣ПҒ ⇔ ѩ ȲẔϮ П

Ғ ⇔ч ֽ 38ᴟ 40ȴ 

  Ӧ ч Ȳ Ғ ⇔ч

ᾼЄЊᴖṕȲSSIᾼч Єὑ Rigid 

SiteȲ иέ SSIч Ὑ Єᾼ

Ὠד Ȳṳѹѩ ֝Ɫ SSIч ϯ Ғ

ᾎ ה ϩиέֽ 44Ȳ ҒᾎὙ

ч ЄȲ Ẕ ֪ ẃᴞὑ ϩ

ц Ё Ϥ ἤᾼ …Ȳ 46Ɫ SSIч

ϯ ϩ ц ЁП PEEQ Ȳ ӱẒ

῏Ḋ Ꞌ Ϥ ἤȲ Ёὑ ᾪἉ Ӣ

ἤȲṳѹ ӢἮϩ ( 47)Ȳ ц

ὰ⁄Ь ═֯ ἤ вȲ֪ Ḋ ἤ

ẁϠṆ ҵᾼ Ȳṿ Ғ ⇔ч ϯ

Ȳԛѩ Ғ ⇔ Ӣ   П ϩ

ᾭ ֽ 48Ȳ ᴕ ἤᾭ ϯиέּפⱢ

ᴕ ἤϯᾼ 1.6 Ȳ ӱ֯ ᵂӣϯ

  ᴕ Ḋ ἤᴩⱢȲ ѿ ἤ

иέ⁄ ὑ ᴷẔч ȴ 

ѩ Ṇ ᴞ ᾼ Ȳ 44

ц 45Ȳὑ иέ ȲSSIṆ ὧᴫ֣ц

⁮Җ֣Ṇ ᴞ ꞋⱢ 4HzȲ ᴖὑ ה

ϩиέ Ẕὧᴫ֣ ᴟ 3.23HzȲ⁮

Җ֣ Ɫ 3.03HzȲ ╥Ӧὑṿӣ

Ғᾎ ẔṆ ⁬⇔Ɫứ ȲЛ Ṇ ч

ᴖḂ Ȳ֪ Ḗậ֯ױ Ẕᴞ

БḟứȲ ᴖ֯ ה ϩиέМȲṆ ⁬⇔

ч ᴖḂ ȲḊ Ϥ ἤ⁄⁬⇔

ϯ Ȳṿ ч ᾼ ֣ҿ ȲӦὑ

Ё ἤ ѻ Ӣ֯ ⁮Җ֣ ὰ

ПἮἸ Ȳ֪ױẔ⁬⇔ϯ ᾼѩẂ Ȳ

ὑὧᴫ֣ SSI Ṇ ᴞ ᴕ ἤ

פּ ἤϯ 19%Ȳ⁮Җ֣⁄ϯ 24%Ȳ

ӱ ѿ ἤиέ ᴷ֯ ϯ

Ṇ ⁬⇔ȴ 

гȳ ∂  

6.1  

  1. ӣ ABAQUSѿצ

Ё ПѠᾎ EERA(Equavilent-linear 

Earthquake site Response Analyses)Ҡ ҏῺ

ᴿᾼ ὨȲᴞ ד פּ 1%Ȳ

ѿ Ѡᾎ Ё ᾼҠᴩἤȲѹד ὑ

ҟ֮ иέ SHAKEȳEERAꞋ Ё

ⱢϚ ᾌ ȲABAQUSҠ∂Ӵᶙ ᾼ

Ё ѿḆ Ὼ ᶮ Ȳ ҟ

ѿ Ғצ Ё ⇔ц ⇔ѿ ᵍ֮

ᾌ֫ ᾼᵂᾎȲ Э⁄Ҡ ӣ а ậ҅

ѿ ȴ 

  2.ὑ֮ ϩиέ Ȳ   ה

и Ɫ ἤ Ɫ֥ Ȳ֮ ч ד

ῺᴿȲҒ ⇔ פּ ю 3%Ȳṳѹ

Ӣ Њὑ Ȳה1ּ ϩцד ᶮᾭ

ꞋדᴿȲᵀ Є Ȳד ὑ

ἤ Ἁּפ 6 ᾼ ȴ 

  3.   Ἥ иέМȲẔв פּ ẞ

739kPaὑΈ Ở ӢἮϩ ἤ Ȳᴖ

∟ ᾪӼ Ϥ ἤȲṳ 760kPa ₤

֪ ᶮ Єᴖҷ Ȳד ὑ ϩ

482kPaЬ ὑ 1.5 Ȳᴕ Ἁὰѿ Contact

Tie ᴩⱢѩ Ȳ Ὠ ӱ  

ᵛṿᴟ Ἥ ᾭ ἉὰὋ ᾼ Ь Њ

Ҡἕ ȲӼ ד ȲṳѹЛ Ἥ

⇔ ὨȲ֪ױѿ Tie Ɫ ҠЄ юи

έ Ɫ ȴ 

  4.ѿ Ғᾎ(Modal dynamic)иέ

Ё Фạ ₤(SSI) Ȳ ậ

ИҠ Ӕ ὨȲ֪ SSIҔᵶϱ
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цЁ Ȳ ậП Л⌂ ⁄

Ẕчכ ắЁ Ựֵᴖ Ὠ ЄȲѿ

ӐѝⱢẂẔ ᴟ 300 ѿϱ Ғ

ὨИ Ɫ Ȳ֯ ᴕ ἤᾭ ϯȲSSI

ч ד ὑ ἤ ἉЄּפ 1.6 ȲṆ ᴞ

⁄Ӧ 4.986Hz ᴟ 4HzȲּ᷉פ 19%Ȳ

ӱᴕ Ё ᵅ Ṇ ⁬⇔ȴ 

  5.ὑ ᵂӣϯȲ   и Ϥ

ἤȲṿ Ḋ ẁ ἤ ᴖ ᵅҒ ⇔ч

Ȳ ѿ ἤиέ ὑ ᴷ   ắ

ᵂӣϯᾼч Ȳὑ SSEᵂӣϯҒ ⇔

ἤ Ɫפּ ἤ ᾼ 2 Ȳ ϩ

ᾭ פּ⁄ 1.6 Ȳ֝ Ṇ ᴞ Ӽצ

Ȳ֯ ἤᾭ ϯ SSIṆ ᴞ ֣Ꞌ

Ɫ 4HzȲᴕ ᾭ ϯὧᴫ֣⁄Ɫ

3.23HzȲּפϯ 19̟ Ȳ⁮Җ֣⁄Ɫ 3.03HzȲ

ϯפּ 24%ȴẔ ֪֯ὑḊ Ϥ ἤṿṆ

⁬⇔ϯ ȴ Ὠ ӱᴕ Ё Ἠ╥Ḋ П

ἤᴩⱢꞋ ᵅṆ ⁬⇔Ȳ֪ ױ

ѿ ἤ Ἁ иέ   Ἤ ПṆ

ᴞ ᾼ᷉ Ɫ⌂ ȴױҵ

֯ ᵂӣϯ   ὑ ὰἉ Ҡ

ӢἮϩ Ȳ וֹ ױ ᵛ ֵ

Ғᴕ Ȳ ẔᶼἮ ϩἨ╥ Ғ  Ҽ

ȴ 

6.2ӑẃ∂  

  1.ӐѝἬ ӣПЁ Ɫ о∟Ἤ

ȲӑẃҠᴕ Ё ḆҒ ои Ȳ

ѿḆ Ὼ ֮Ё ᾭᾓȲױҵӐѝἬ ӣᾼ

Ё ѠᾎⱢѿ а ∂ӴȲӑẃҠᴕ

ḂӣЁ ᾎ ȲדФѩ ∟ ẞḆ

П Ὠȴ 

  2.Ӧὑ ABAQUS ᶧ ứϱ ὑῴỞ

ᾭ (Initial State)v ╟Ғ ϩȲ∟ иέḔ

И ѿ╟Ғᴞ цẔ҃ҵϩȲ֪ ṿױ ϩ

ṷצ ҷȲӑẃҠᴕ ӣẔ҃ ϩ╟

ҒѠᾎȲֽ ϩᾎ Ȳṿ ₤֯ắϩ

ᾭ ϯḆ Ὼ ᾓȴ 

  3.Ӧὑ₣᾿֣֮ ϩ Deconvolution

Ɫᵺ Ȳ Ѭӂ ֮ ϩ ѠᾎЛ֝Ȳӭ

ד‹ ṅѝשׁ юȲ֪ Ӑѝױ Л ₣᾿

֮ ϩԝϤᴕ ȲѿѬӂ֣֮ ϩⱢѻȲӑ

ẃҠᴕ ₣᾿֣֮ ԝϤᴕ ȴ 

  4.Ӧὑ CDP ᴕ ᴟ Ё ἤ∟ᴩ

ⱢȲẔἬ ứ ‍ ȲЛ ứ

ᶙ Ἦ ϩ פ ҵȲ ứ

ȲӐѝ ӣᾼѠᾎ╥ṿӣ ῏ ҏᾼ

еה ᴩ Ȳ Ḇ ᾼ Ḋ ᴩⱢ

⁄ ֻᾼѠᾎ╥ậ Ϯ   ᾼ֝ד

ЁḊ Ȳѿ ứ Ἦ ϩ

פ ц ѩ еהḆⱢ ȴ 

  5.Ӑѝиέ Ὠ ӱ   ὑ ὰἉ

Ҡ ἤ ȲҠᴕ ὑ ₤М

Ғ  Ҽ Ḃ ắ ч ȲѿᵂⱢ∟ וֹ

ᴕṼ ȴ 
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ϥȳῶ  

 

ῶ 1ȳ ЁḊ  

 

ῶ 2ȳ Ḋ ἤ  

 
D 

3( )kg m  
E(GPa) ɡ 

'

cf (MPa) tf (MPa) 

Concrete 2400 28 0.2 34.5 3.09 
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r 

3( )kg m  
SE  

(GPa) 
u  

ys  
(MPa) 

ASTM 

A-615 
grade 60 

7850 200 0.3 414 

 

ῶ 3ȳ ϩ Ḋ  

 
r

3( )kg m
 

SE
 

(GPa) 
ɡ 

H-Pre 
(MPa) 

V-Pre 
(MPa) 

Tendon 7850 190 0.3 1326 1398 

 

ῶ 4ȳ ὰḊ Ḋ  

 
r 

3( )kg m
 

E   

(GPa) 

u

  
ys  

(MPa) 

Steel liner 

Plate 
7850 200 0.3 165 

 

          ῶ 5ȳЁ Ḋ  

 

Shear 

modulus 

(MPa) 

Shear 

velocit 

(m/sec) 

Unit 

weight 

(kN/ ) 

Damping 

ratio 

Poisson's 

ration 

Thickness 

(m) 

Mudstone 584.56 540.41 19.64 0.2 0.4 76.2 

Half 

space 
743.98 609.6 19.64    

 

ῶ 6ȳЁ цᴞ  

MODE EIGENVALUE  
FREQUENCE 

(HZ)  

GENERALIZED 

MASS 

1 123.61 1.7695 4.74E+09 

2 123.61 1.7695 4.74E+09 

3 349.06 2.9735 2.00E+09 

4 431.15 3.3047 1.18E+09 

5 431.15 3.3047 1.18E+09 

6 468.31 3.4442 1.11E+09 

7 481.91 3.4938 4.24E+09 

8 534.03 3.6779 1.45E+09 

9 534.03 3.6779 1.45E+09 

10 563.9 3.7794 2.35E+09 

11 628.92 3.9913 1.59E+09 

12 634.97 4.0105 1.29E+09 

13 671.25 4.1235 8.44E+08 

14 671.25 4.1235 8.44E+08 

15 683.54 4.161 7.65E+08 

 

ῶ 7ȳ   цᴞ  

MODE 
NO 

EIGENVALUE 
FREQUENCE 

(HZ) 
GENERALIZED 

MASS 

1 972.64 4.9636 9.27E+06 

2 972.64 4.9636 9.27E+06 

3 1076.3 5.2214 4.58E+06 

4 1078 5.2254 5.77E+06 

5 1291.1 5.7188 5.08E+06 

6 1291.2 5.719 5.04E+06 

7 1502.8 6.1698 4.40E+06 

8 1510.7 6.186 4.39E+06 

9 2346.5 7.7096 6.18E+06 

10 2349.9 7.7152 1.27E+07 

11 2614.5 8.138 4.35E+06 

12 2616.6 8.1413 5.10E+06 

13 3996.8 10.062 1.16E+07 

14 4034.1 10.109 4.36E+06 

15 4043.2 10.12 4.38E+06 
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ϟȳ ѱ 

 

1ȳ Ѝ    

 

2ȳ Ёắ ϩ П ϩ-  

 

3ȳ о ϩ- פ  

 

4ȳ ϩ ϩ- פ  

 

5 ȳSaenz Ё ϩ- פ  

 

6ȳЁ ₤ 
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7ȳ ϩ╟Ғ 

 

8ȳῴỞ֮ ϩӂ ᶮ  

 

9ȳῴỞ֮ ϩӂ ϩ  

 

10ȳ SSE-DeconvolutionҒ ⇔ (ὧᴫ

֣) 

 

11 ȳSSE-DeconvolutionҒ ⇔ (ὧᴫ

֣) 

 

12ȳ SSE-Deconvolution в ᷉ (ὧ

ᴫ֣) 
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13ȳ SSE-DeconvolutionҒ ⇔ (⁮Җ

֣) 

 

14ȳ SSE-DeconvolutionҒ ⇔ (⁮Җ

֣) 

 

15ȳ SSE-Deconvolution в ᷉ (⁮

Җ֣) 

 

16ȳ   ἤ֮ ӱ  

 

17ȳ   Ἁὰҳ ӱ  

 

18ȳ   Ἥ ϩиᵉ (739kPa) 

 

 

19ȳ   Ἥ Ἦϩ иᵉ (739kPa) 
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20ȳ   Ἥ Ἦϩ иᵉ (760kPa) 

 

21 ȳContactҳ ₣᾿֣ᴯ  

 

22ȳΈ ₣᾿֣ᴯ  

 

23ȳ   ӱ  

 

24 ȳTopnode Ғ ⇔ ѩ  

 

25 ȳMidnode Ғ ⇔ ѩ  
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26 ȳBasenode Ғ ⇔ ѩ  

 

27ȳ Topnodeד ᴯ ѩ  

 

28ȳ Midnodeד ᴯ ѩ  

 

29 ȳBasenodeד ᴯ ѩ  

 

30ȳ ἤ- ἤ Ἁ ϩᾭ ѩ  

 

31ȳ ἤ- ἤ Ἁד ᶮѩ  
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32 ȳRigid SiteҒ ⇔ч (Topnode) 

 

33 ȳRigid SiteҒ ⇔ч (Midnode) 

 

34 ȳRigid SiteҒ ⇔ч (Basenode) 

 

35ȳ SSIҒ ⇔ч (Topnode) 

 

36ȳ SSIҒ ⇔ч (Midnode) 

 

37 ȳSSIҒ ⇔ч (Basenode) 






