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҅ᾼ ḔȲ֯ӑẃ вד20 ὑ ϩᾼ Ḗ Є ҒȲ ӭ›֯ү ᾼ

Ṽ ╥ЛҠἨ ᾼϚ иȲһѩ ԛӢ Ȳ ẁ Ɫ ứȳ ᾼ Ȳה

ϷЛ ѭϩ ӢЄ ϡ о Ȳṿԓ ⅍ Ғ Ȳ ￼ӑẃ ᾼ Ȳ

צ ֵ ȲϷצ ѻ ᾼ ᵛ╥ ᴆ╬ᾼ Ȳ ᾼ Ȳ

Ở Ϣ ὑϚӎ Ӣ ЄṶ╝ ᾼȲӐṝ ╥ᵡׄԓц ╥ᵡҠ ҵ♪

Ӣ Ȳ֯ү Ȳ   ᾼ ӣᾼ╥ Ḕ₤ᾐѬהч Ȳצᵑὑӭ› Мᾼ

Ϛ ȳ ϡ ᾼᾐѬהч ế Ϯ ᾼ Ѭהч Ȳ ӣ ᾼч ếЛ֝ᾼ  

Ȳӭ›֯ в ὑ   Ё   ᾼׁשṅиέ Л╥−ᶙ Ȳ֪ױӐ

ѝᵓӣצ а ABAQUSиέ Ḕ₤ᾐѬהч П Ё   ᾼ וֹ

ϩȲϠ   вἭ ᾼ ᴩⱢȲṳ Л֝ᾼ цה ᾼ ᾓϯȲ᷄ҏ   Ἥ

П וֹ ϩцẔ ᴯ ȴ Ϡ ϩᾼиέПҵȲṳᴕ ẞӑẃ   ắẞ֮

Ȳ Ḗ   ֯ϚṷЛ֝ ꜜ Ԉᾼᴞ ȲѿϠ Ẕ ἤ ᵍԚ

ᾼ ӢȲᶦ ѡ∟ ὑ   Ё   ПׁשṅצϚ ᴕᾼṼ ȴ 

 

ֿȸ    ; Ё   ȷ Ḕ₤ᾐѬהч ȷ וֹ ϩ 

 

ABSTRACT 

Nowadays, nuclear electricity generation is indispensable to the energy structure in Taiwan. The 

nuclear electricity generation can stably supply a large amount of electricity, and yet have less impact 

on the environmental pollution. With the increasing popularity of nuclear electricity generation, 

people have put more emphasis on the safety issue of the nuclear power. For the first time in Taiwan, 

Lungmen Nuclear Power Plant uses the Advanced Boiling Water Reactor. The type of this reactor and 

the structure design of its containment vessel are both different from all the other nuclear power plants 

in Taiwan. This study uses ABAQUS finite element analysis software to research into the ultimate 

pressure strength and the natural frequency of the containment vessel of Lungmen Nuclear Power 

Plant. By plotting a radial contour diagram and an axial contour diagram of the Reinforced Concrete 

Containment Vessel of Lungmen Nuclear Power Plant, we can know that the location of the maximum 

radial displacement is at about elevation position 2500 and the location of the maximum axial 

displacement is at the top slab inside in east-west direction. When internal pressure is the designed 

pressure, the structural behavior is still in linear elastic stage, and the temperature has a significant 

influence on ultimate pressure strength of containment vessel. In addition, the nature frequency of 

containment vessel is higher than other common RC buildings. 

 

Keywords: Lungmen nuclear plant, RCCV, ABWR, Ultimate pressure strength 
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Л ắẞ ᾼ ạȲ Ɫ ứѹצ

Ȳ ᾼכӐẃ Ȳ ᾼ

ἤϷ╥ԛӢ Ҡѩ ᾼȲ ᴆ

╬ẃ Ȳ Л ѭϩ Ṫ

Є оӰ Ȳ ӢЄ ᴁ╬ᾬ Ὅ

ẞЄ МȲ Ὲכ ᴁ╬ȲϷЛ ṿԓ ᾼ

⅍ ḆⱢ Ȳ ὑ ᾼ ḆЊȲ

ҟϢצ ᴷ Ȳֽ Ὠ ѷꜜϱᾼ

ѭϩכ ᾼ Ȳԓ ϡ о Ὅ

ḕד Ғ 8% (General Electric Company, 

2006)Ȳự Ӈ ẞԓ ᾼ  Ȳ

ЛюԒ ᾼ Ṽ ╥ѿ Ɫ

֣Ȳֽ:ּר ȳᾎ ȳ Ȳ

ⱢϢ ᾼӢ♄ ẁϠ ֵ―ᵓцֻ ȲT ד

ᾼϷצẔѻ ᾼ Ȳv ╥ ᴆ╬ᾼ

ȴ 

֯Ϣ Ởṿӣ ѿẃȲצ Ӣ

װ ᾼ Ṷ╝Ȳֽ:1979דᾼϮ

♪ Ṷ╝ȳ1986דᾼṞ ѩ Ṷ╝ȳ2011

ᾼѡӐד ḳȲ ṷ ЄṶ╝ Ϛԛ

ϠϢ Ȳ ╥Ϛ᷂ ϼȲӇ ֮

ᾼׄԓ ȲἬѿ ὑ ׄԓᾼ

Ȳ֯ Ἤצᵓӣ ᾼ МȲ

ᶁ╥Ϛ ϫи ᾼ ȴ 

֯ү Ṽ ╥ в ᾎậ

҅ᾼ Ȳה Ϛ ү Њ ϱ Ϯצ

Ӕ֯ ᾼ ȲϚӎ Ӣ ׄṶ

╝ȲЛ ԓ ᾼ Ȳ ὑỰᴰ

ᾼ Ϸ ᾎᴷ ȲⱢױ ṅṳשׁ

ᾼׄԓ ȲяẔ╥ ὑ

Мᾼ   ( Containment Vessels)Ȳ

╥ ׄԓϱᾼ ∟Ϛ Ṯ ȲẔѻ ᾼғ

֯ὑṮѦ   вᾼὍ ἤᾬ ҵ♪ц

  вᾼ ╟ȲṮѦắẞҵẃᾼ

ȴ 

ѷꜜϱ Ԓ דצ ֵᾼ

  ⇔ ᾼׁשṅ ᵫȲT ╥ᴟЭḥצ

Ὑ ứ   וֹ ⇔ᾼד Ȳ

ү ᾼ   ꞋⱢ Ё₤Ἠ ϩ

Ё₤ȲT   ᾼч ᶮצהᵑὑ›

Ϯ ӣᾼ╥ Ḕ₤ᾐѬהч Ȳ╥ү

Ϛװ ӣȲẔἬ ᾼ   ᾼ

ц ᴶᶮᾭϷ › Ϯ −ЄᾼЛ Ȳ֝Ἤ

ѿ     ᾼ וֹ ⇔Ϡ

цᴞה ⱢӐׁשṅ

ᾼׁשṅ ȲӐׁשṅ ӣצ а иέ

ABAQUSȲ   ᾼ Ё  

Ἥắв ϩȲ ᴩ ᴩⱢᾼ и

έ Ȳṳ Ḗ   ᾼᴞ Ȳ

ѿϠ Ẕ ἤȲиέἬ П ∂

ᶦ ѡ∟   ᾼ ẁ ᴕȴ 

 

ϡȳ   ￼ Ю  

 
2.1 ￼ Ю  

  Ɫү ҳ Ȳ

  Ȳᴯὑү ҖӀ Ȳѻ

ЁѤ чצ Ἢȳ ạ Ἢȳ ᵗ

ἪȳḦ Ἢȳ Ἢ Ȳ

ᵿ Ҡẁг ṿӣȲ Ẓצ

֢ 1350 ᴍ Ӡ (MWt)ᾼ Ḕ₤

ᾐѬהч (Advanced Boiling Water 

Reactor, ABWR)Ȳ ч Ɫּר ố еҨ

П Ϯ҅ ч ȴ 

ᾼ Ẕ Ѭϩ цѭ

ϩ Ȳѻ֝ד ╥ Ḧ Ȳ ∟

Ȳ ṿḦ

ᾼ ϩẃ ╥ ч ї ᴩ и ч

Ȳṿв ᾼᵐѬᾐ Ȳ Ӣ Ȳ

ᴖ Ḧ Ȳ Ḧ ᾼ ḦȲҠ

ѬἨᵐ ᵐⱢѬ∟ ᾃϤ ї

ᵓӣȴ Ṽ Ἤṿӣᾼ Іч

ֵצиצ ȲẂה₤ : Ѭהч

(Light Water Reactor)ȳ Ѭהч (Heavy 

Water Reactor)ȳᶶМІ ч (Fast 

Breeder Reactor)Ȳӭ› Ɫѷꜜ֢ Ἤ

ӣᾼᵛⱢ Ѭהч Ȳ Ѭהч Ṽ

ӢᾼѠהϭиⱢᾐѬהч (Boiling 

Water Reactor, BWR)ц ϩהч

(Pressurized Water Reactor, PWR)Ȳӭ›ԓѷ

ꜜ ṓᾼч Ɫה₤ Ѭהч ȲẔ

чהⱢᾐѬװ Ȳʌ ӭ› Мᾼ

МȲ Ϛ ц ϡ ӣᾼ╥ᾐѬה

ч Ȳ Ϯ ⁄╥ ӣ Ѭהч Ȳᾐ

Ѭה╥֯ч М᾿ Ӣ Ȳ̓ ẞ

Ḧ Ȳ Ȳ Ѭה╥֯ч

в Ӣ ᾼѬȲ ẞ Ḧ Ӣ ṿ

ҫϚṆ ᾼѬ Ɫ Ȳԛ ᴟḦ ȲӐ

ṅἬשׁ ᾼ   ᾼч ₤

ה ӣ Ḕ₤ᾐѬהч Ȳӭ›ᶺ

ῶֽה₤ 2.1 Ἤӱȴ 
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2.2   ￼ Ю  

  ϭ Ɫ ч ׄԓ Ȳ╥Ҕ

ч Є иṆ ế ᾼҵ ∂ Ȳ

ѻ ᾼғ ╥֯ ч ᵐḊ ҷᵛ

Ἤ ᾼ LOCA (Loss-of-Coolant-Accident)Ṷ

ԈἨ Ӣ֮ ЄṶ╝ȲṮѦὍ ἤᾬ

♪ Ẕ ҵ Ȳ ׄԓ’

⅜ ᾼғ Ȳװ ᾼғ ⱢṮѦв ắ

ẞҵẃᾼ (ֽ ȳ )Ȳ Ḋ

ẃи ᾼ Ȳ   Ҡиכ ὰ  

(Steel Containment Vessel, SCV)ế

Ё   (Reinforced Concrete Containment 

Vessel, RCCV)ȲӐׁשṅМ   Ἤṿ

ӣᾼ   Ɫ RCCVȲ ὑ ARWRᾼ

Ȳ   иⱢѻצ   ếϡװ   Ȳ

ѻ   ѻ ╥Ӧ ▀ᶮᾼ Ё

в ԛ Ϛ ὰἬ װȲϡכ   ╥

Ӧ ЁἬ ᾼכ Ἢҵ ∂ᾬȲӐѝ

М ᾼ   ֯Ɫѻ   Ȳ

Ёᾼ иẓוֹצ ȳֹו ȳ⅜ ч

ғ Ȳᴖв ὰᾼғ ѻ ╥ ’

  ᾼ ἤṮѦ♪ ᾼ ᶮ Ӣȴ

ABWR ѻ   ᾼҵ ⱢϚ ▀ᶮ Ȳ

ӦRCCV ȳ ὰ(Top Slab)ếἉὰ(Basemat)

Ἤ ȲRCCVכ в 29m ⇔ 29.5m⁴

⇔ 2mȲ ὰв 10.3m⁴⇔ 2.2mȲ ▀₤

  в ȲצϚ ὰ (Diaphragm 

Floor Slab)в 14m⁴⇔ 1.2mцч

ϩ (RPV Pedestal) П иכϱ

У(Drywell)ȳϯ У(Lower Drywell)цḀ

⅍ (Suppression Chamber)Ϯ ֽ  

2.1 ἬӱȲ   ╟Џᶙכ∟Ȳ  

ᾼᵂ ȲиᵑⱢ Ἥ ϩᶙ

ἤ(Structure Integrity Test, SIT)

♪ (Integrated Leak Rate Test, 

ILRT)Ȳ Ẓ Ꞌ ᾼϢ

ṳ ᴩ ▲Ȳ SIT ᾼӭᾼ╥

֯ Ё   ϩ ꜜᾼ

ᾼἭắ Є ϩ ȲҠṼ

ᾪד1989 ASME B&PV Section III, Division 

2, Subsecion CC-6000 ứ ᴩ Ȳ

ѹ ֥ ứП ȲILRT

ᾼӭᾼ֯ὑ   Ṇ ᾼ ᶙ ἤȲ

’ч Ӣ Ṷ╝

  Ҕ⅔ғ Ȳ ֣ҵꜜ Ὅ ạ

֯ᾎ Ḗᾼׄԓ Пϯȴ 

 

Ϯȳ   Ḋ  

3.1 ὰḊ  

    ֯ ЭᾼЁѤ Ȳ╥Ϛ ᾛṿ

ӣЛҠἨ ᾼḊ ȲϚ ẃ ֯ Ё

ᾼᴩⱢⱢϚ ᾼ ȲἬѿЛы ᴕ

ắẞֵ ϩ ᾼϩ ᴩⱢȲ

Ἦ Ἤ ᾼ ϩ- פ Ȳֽ ! 

᷄Лẞ ẃ ȴȲҠ ҏ ἤ (Elastic 

limit )ȳ Ԇ (Yield Point)ȳἋ ἤ(Ductility)

Ḋ ἤ Ȳѿ Grade 60ᾼ ⱢẂȲּפ

֯ 60 ksiҿҢ Ӣ ԆȲ Ϡ Ԇ П∟Ȳ

Ḋ Ở Ϥ ἤӂү Ȳױ ϩ Л Ȳ

 ҒȲ ἤӂү ϠП∟

ϩϭ Ở Ғ᾿ẞ ϩ Ȳױ

◕ Ɫ о ◕Ȳ Ϡ ϩ П

∟ Ởҏ ϯ ◕Ȳ ∟֯ ẞ Ȳ

◕ ⱢϚ ἤᾼ …Ȳצ ⱢϠѠ―и

έ Ȳ ắἮᾼ ϩ פ

оȲѿ ἤ ПȲֽ ! ᷄Лẞ

ẃ ȴἬӱȲӦ ! ᷄Лẞ ẃ ȴ

Ҡѿ ῀ Ἦ Ȳ ᾼ

‐ ֵҠѿ ẞ 0.2ȲӐׁשṅ ᾼ

‐ πȢςȲ ҫ ҵ Ӧ ASME 

Containment Vessel Design Specification(GE 

Electric Company , 1999)Ҡѿ῀  

  ȲἬṿӣᾼ Ɫ ASTM A-615 

grade 60.ẔḊ ἤ ֽ ! ᷄Лẞ ẃ

ȴἬӱȴ 

֯   ᾼв ῶ ц ϱῶ

Ϛצ ὰȲӐׁשṅᶺ ПⱢ ȲẔ

ᴩⱢ › ᴩⱢЄ ד Ȳ֝T ὰẓ

ӂצ ᾼϡ ἤ ȲἬѿᶺ ὰП

ᴩⱢȲ Ḋ ὑἋἤḊ ȲẔ ⇔

⁄ ֥ӣ Єᶮ ⁄ȲϚ ϭ Ɫ von 

Mises ⁄Ȳ 3.3ῶӱ ὰḊ ắẞЛ֝

ѩẂᾼ ϩ ᾼ ⇔Ҕ

(Biaxial Strength Envelop)Ȳѿ ẃῶה

ӱᾼ Ɫ„ „„ „ „Ȳ„Ɫ ֯

Ἦᴼ ᾼ Ԇ ϩȴӦ МҠѿ

ὰắẞἮϩἨ ϩᵂӣ Ȳ ⇔ṳ Л֝Ȳ

ὰᾼᶼἮ ⇔Л ╥ắ ἮϩἨ╥

ἮϩẔ ⇔ᶁ֝דȴҫҵӦ ASME 

Containment Vessel Design SpecificationҠ

ѿ῀     в Ȳṿӣᾼ

Ḋ ѻ צ ếЛ Ȳ иἬ ⁴

⇔Њὑ  Ὥὲᾼ ȲṿӣASME SA-285 Gr.AȲ
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ֽὨἬ ⁴⇔Єὑ  Ὥὲ⁄ṿӣ ASME 

SA-516 Gr.70ȲЛ ᾼ и⁄ṿӣ ASME 

SA-240 Type 304LȲḊ ἤ ֽῶ 3.1ȴ 

3.2 ЁḊ  

Л֝ᾼ Ё ѩȲ כ ЁצЛ

֝ᾼᶼ ⇔ѿц ἤ Ȳʌ ֽὨ

Ё Ϛ ᶼ

(Uniaxial-Compression Test)ȲҠѿ ẞֽ

3.4Ȳẕ₤ᾼ Ё ϩ- פ

(Stress-Strain Curve)ȲӦ ! ᷄Лẞ

ẃ ȴҠѿכҏ Ё ϩ- ═֯

ἤᴩⱢ(Linear-Elastic Behavior)ᾼ פּ

֯ ᴍ и П Ϯ ϫ ᾼ Є ᶼ ⇔
'

cf

(Maximum Compress Strength)ᾼ вȴ

ẞ ἤ (Elastic Limit)Ȳ ϩ פ

֯ 0.75
'

cf ~0.9
'

cf ᾼ֮Ѡ Ở Ӣ

Ȳפ Ὑ פᴟפ Æȴ Ϡ

פ ÆП∟Ȳ ϩ פ Ở

ϯ ᾿ẞ Ӣ (Crushing Failure)Ȳ

Ẕ Ɫ ueȲ ᾼ ϩⱢ uf ȴӦ
ASME Containment Vessel Design 

SpecificationȲҠѿ῀    

Ἤṿӣᾼ Ёᶼ ⇔Ɫ 5000PsiȲӦ

! ᷄Лẞ ẃ ȴҠѿ῀ Ёṳḥ

Ὑצ ᾼ Ԇ ⇔ȲϷḥצ ᾎ᾿

М Ȳ╝ᶺ ! ᷄Лẞ ẃ

ȴҠѿ֥ Ԇ ⇔ⱢᴍиПϮϫᾼ

Єᶼ ⇔
'

cf Ȳ ὑ֯ ! ᷄Лẞ

ẃ ȴ ἤ ᾼῴỞ ἤ cE ᾼ
ȲҠѿ ᴕ ACI committee 318 (ACI, 2011)

Ӧ Ё ҏẃᾼ еה

'4700c cE f MPa= Ȳ Ё ὑ ἤḊ

ᶼἮ ϩ ȲẔ ЄᶼἮ ⇔ ( Max 

Tensile Strength) ᵅὑ Єᶼ ⇔ȲϚ

ẃ ᾼ῏∟╥פּ῏‹ 5%~10%ҿҢȲᵀ ᾿

ᶼἮ ⇔ṳЛ╥ϚԈ ὔᾼṶ Ȳ

֪Ɫ ЁԛắἮᾼ ȲẔ ἤ

ὑắ ᾼ ἤ Ȳᴖ▼ὲѩ ѩắ

ᵅȲ֯ӐׁשṅМȲᶺ ᴕ ASME 

Containment Vessel Design Specification

ᾼ Ȳ 0.17u= Ȳṳ ᴕ Attard and 

Setunge ҏᾼ Ȳה Ҡ Ёᶼ

Ἦ ⇔Ɫ 9%ᾼ ᶼ ⇔Ȳ ὑ Ё

ϩ פ ᶺ ӣ Sanez ҏᾼ

ה… Ȳӱ ֽ 3.5ἬӱȲӐׁשṅ

ЁἬṿӣᾼӐ ₤Ɫ Concrete 

smeared cracking modelȴ 

ҳȳׁשṅѠᾎ 

4.1 ₤∂Ӵ 

ABWR   Ϛȳ ϡế Ϯ

ᾼ   ᴶ ἬЛצ Ȳ֝ⱢϚ ▀

ᾬв Ϛ ὰȲѻ Ӧ RCCV Ȳ

ὰȳ ὰцἉὰἬ ȲӦὑכ   צ

ֵ ᾼ Ṇ цϢ ȲⱢϠ

ц Ȳ ϱ֯   юצ ᾼэ♂Ȳ

ᴕ ẞ ᾼן ἤ ᾼ о ₤Ȳ╝Ӑ

ѝМἬ ᾼ ₤Лᴕ   ϱᾼэ♂Ȳ

  Ёᾼ и ӣ а C3D8Ȳ

ABAQUSἬ ᾼ   ₤ֽ 4.1ἬӱȲ

X Ѡ֣Ɫὧᴫ֣ȲYѠ֣ⱢҖ֣Ȳв

ᾼ ὰ иȲӐׁשṅМҬᴕ RCCV ȳ

ὰếἉὰᾼ иҒϱϚ ₤ У Ȳ

ὑẔ ὰ⁴⇔Ҡѿ ᴕῶ 4.1Ȳ ₤

У ᾼ ᴶѐЉҠ ᴕ 4.2Ȳв

ὰӦὑ⁴⇔ד ὑ ế ẃ −ЊȲἬѿ

ӣ а S4R ȲABAQUSἬ ᾼв

ὰ ₤ֽ  4.3ἬӱȲ ᾼ иȲ

  Ἤṿӣᾼ ѐЉѻ ╥ ASTM #14

ế ASTM #18Ȳ ₤М Ὅ ᾼ Ɫ

RCCV ȳ ὰȳ ὰȲ֢ ᾼ

Ҡѿ ᴕ  AȲӦὑ ὑϚ

ᴩⱢȲ ӣ ἤ ▐а T3D2Ȳ ₤Ἤ

ᾼ ₤ֽ 4.4~ 4.6Ἤӱȴ 

 

ן4.2 ἤиέ 

צ а иέ Ὠᾼ Ȳֵ−צ

ֽ:а ȳ ꜜ Ԉȳ ₇ цḊ

֪ Ȳ֪ Ӵ∂֯ױ ₤› иέᾼ

иᾼϠ҉צ Ȳ ṅᾼשׁ ₤

ᾼ ứ֢ ȲҫҵȲ ц ᾼצ

Ϸ╥ ᴕ ᾼ֪ Ȳ иᾼ

ЊȲἬ ẞᾼ ⇔ ȲᵀἬ ῧ ᾼ

ц ᾼ Ϸ ȲֵⱢϠ

’иέ ὨП ἤᾼ› ϯȲ֯ ⇔ц

צ ϱП ậ ӂ Ȳ ן ἤ

иέȲ ậ ᾼ ȲᵛҠ ’иέ

Ἤ ᾼ ἤϭ Ἤע ᾼ ế

ȴ 

Ӑׁשṅן ἤиέἬӣ ₤Ḋ

цᴯ ꜜ Ԉֽ֝› Њ Ἤ Ȳ
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  ᴩ ᶙ ἤ Ȳв Ἥắ 1.15

ᾼ ϩ(0.31MPa)Ȳ ậ 6 Л֝Є

Њᾼа ѐЉֽῶ 4.2Ȳṳѩ ѻ ᴯ

ᾼ ֣ᴯ ế Єᴯ П ⇔ᵂⱢ

ứа ЄЊП Ȳ а ЄЊ

1.2m~1.5m ⇔Ҡ 97%ѿϱȲиέἬ

ⱢϚЊפּ Ȳᴔ иέᾼ ἤȲ

Ӑׁשṅа ЄЊ 1.2m~1.5m ᴩиέȴ 

 

4.3 ꜜ Ԉ 

ӦὑⱢϠи ᴃц׀ Ḧ

/ Ѭи ⅍Ȳ   ὰϱὧᴫ֣צϚ

Є Ȳ֪ Ӈױ ᴕ Ẕ   ᾼ Ȳ

Є   ὰП ế   в

Ё в ὰ Ȳṿӣ

ABAQUS Мᾼ╓҆*TieȲ ₤Ἤ ᾼЄ

ế   ֽ  4.7ἬӱȲ ꜜ Ԉᶺ

Є ᾼẒ ế   ἉὰἉ ⱢỆứ Ȳv

ῶӱ֢ П XȳYȳZ ᾼᴯ ế Ṕᶁ

Ɫ Ȳֽ  4.7ἬӱȲҵϩҒ ᾼ иȲᴕ

  Ӑṝᾼᴞ ПҵȲ ϩᶁӁᵂ

ӣ֯   в Ȳֽ  4.8Ἤӱȴ 

иέ   ᴞ ᾼ ₤Ҭᴕ

  ᾼ иȲṳἕ   ᾼ  Ҽ

ҷȲḖẔ  Ҽᴞ  

(undamped free vibration) ᾼч Ȳ֯ Ḋ

Ɫ ἤᾼ ᾓϯȲ ὑ֯  ҼṆ ᾼ

Ѡ ȲҠῶӱⱢה 0Mu Ku+ =ẔМ M

Ɫ ȲKⱢ ⇔ Ȳϱה

ᾼ ẓצᶮהⱢϯה
iwtu ef= Ϥ

Ѡ ҠḖה K Mf l f= Ẕ

М 2l w= Ȳϱ ІwⱢṆה ᴞ Ȳ

fⱢ ᶮᾭȲᶺ Ҡѿᵓӣ ABAQUS ╓

҆*FREQUENCY Ḗ ֵ Ṇ ᾼᴞ

Ȳ ꜜ ԈⱢ иⱢẒ ᾓȲ

ה A ⱢἉὰϯѠỆứ ᾎᴯ ế ֽ  

4.9Ȳ ה B Ɫ ϠἉὰϯѠⱢỆứПҵȲ

ֵҒϠ   ὰ ֣(Z Ѡ֣)ᴯ ᴞӦ⇔

Ɫ ȲᵀҠѿצӂ ᾼᴞӦ⇔ȲȲᶺ ậ

Ӑ ȲϚ ẃ ȲЏ

ᾼ ϩч Єֵ╥Ӧ Ϛ ạȲ֪ Ӑױ

ѝМҬậ Ϛ ѿϠ ᾼ ȴ 

 

Хȳ Ὠ  

ὑ וֹ ϩиέᶺ Ϡ

  ᶙ ₤ᾼ иέ ὨПҵȲϷ

  в צ в ὰȲצ ᴕ ᴞ

ᵂӣȲ Ёצ Ὅ Л֝

Ԉϯᾼ ᴩⱢ Ȳиᵑ ֽ  2.1

Ἤӱᾼ EL-1700ȳ EL4800ȳ EL12300ȳ

EL18100ȳEL23500   E-W֣в

- ֣ᴯ ȲҫҵӦ› ᶺ ῀Ȳ

Ё ᶼἮᾼ ϩ Ɫ Ȳ ᾼ Ӣ

ᾬᾼ⇔ế ứἤȲ֪ ױ

Ӣᾼᴯ ếѠ֣Ϸ╥ᶺ Ӑׁשṅ ᾃ

ᾼ Ȳױ ᵗὑᶺצ ᾼ ᴩ

ⱢȲӐׁשṅ ὑ וֹ ϩиέȲ╥ ӣ

ϩ ạиέȴ 

 

צ5.1 ᴞ Ἠв ὰἨ П  

ᴩⱢ 

  ₤ֽ 4.1Њ Ἤ Ȳᴕ ҳ

ȲRCCVה Ɫᶙה ᴞצ₤ ᵂӣȲ

  в צ ὰц Ёвצ Ὅ Ȳ

Ϛ Ởắẞᴞ ᵂӣ ứ∟Ȳв ԛ ỞἭ

ᴟ ȲRCCV without Gravity Load

Ɫה RCCV ᴕה ḥắᴞ ᵂӣᾭ

ϯȲв ᾿ ỞἭ ᴟ ȲRCCV 

without Linerplate ⱢRCCVה ᴕה в

ḥצв ὰᾼ ᾓϯȲắẞᴞ ᵂӣ

ứ∟Ȳв ֯ ỞἭ ᴟ ȲRCCV 

without Rebar Ɫה RCCV ᴕה

Ёвḥצ Ὅ ᾼ ᾓϯȲắẞᴞ ᵂӣ

∟Ȳв ֯ ỞἭ ᴟ Ȳ ϱ

ҳ Л֝ ᾓϯᾼиέ ὨȲẔ Ἥ

ϩц Є ֣ᴯ ế ֣ᴯ ֽ ! ᷄

Лẞ ẃ ȴἬӱȲṳ Х Л֝

ὧᴫ֣ᾼв - ֣ᴯ ֽ ! ᷄Лẞ

ẃ ȴᴟ  5.5ֽἬӱȲ ֣ᴯ иᵉ

ế ֣ᴯ иᵉֽ  5.6ֽ  5.7ἬӱȲ

RCCV ϯвה Ἥ М

иᵉᾼᴯ ѿц ᾼѠ֣ȴ 

RCCV ȲẔה וֹ Ɫפּ⇔

0.64MPaȲRCCV without Gravity Load ה

Ẕ וֹ ⇔⁄ Ɫ 0.56MPaȲẒ῏ Ϡ

12.5%Ȳ ╥Ϛ ЛЊᾼ Ȳ֪Ɫצᴞ

ᵂӣϯ ЁϚ Ở ắצ ϩצ ứ

ᾼ ὨȲ╝ҠѿἭắ Єᾼв ᴟ Ё֪

⇔ ҷ ȲRCCV 

without Linerplate Ẕה וֹ ⇔Ɫ

0.618MPaȲ RCCV ה ᾼֹו

⇔ ЛЄȲ ὙϠ   в צ Ғв

ὰȲ   ᾼ וֹ ṳḥצ−
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Єᾼ Ȳв ὰᾼѻ ӭᾼṳЛ╥ с

  ᾼֹו ϩȲᴖ╥ⱢϠ Ғ   ᾼ

ἤȲṮѦ ҵ Ӣ ᾬ ᾼ♪ Ȳ

RCCV without Rebar דה ὑ RCCV

ȲҠѿὙה ҏẔכ וֹ ϩὙ ᵅϠ

פֵּ 0.45MPaȲѹв - ֣ᴯ Ѿ

Ɫ᾿ Ȳ ֪Ɫ Ё ὑ ἤḊ Ȳ֯

ḥצ ᾼ ᾓϯȲϚӎ Ё Ϥ ϩ

ᾼᴩⱢП∟Ȳ−ᶶ― ֪Ɫ Ӣ

Ӣ ᾬ ȲӦ  5.2ҠѿכҏӦὑ

צ ᾓѩḥ ᾼ ᾓв - ֣ᴯ

פ ֯ Ё ∟ҠѿἋᴼḆ ȲӦ  

5.8ẞ  5.13Ҡѿ῀ RCCVϚ Ở

Ё Ӣ ᾼв Ɫ 0.409MPaȲ Ӣᾼᴯ

Ɫ   ὰὧᴫ֣ҵ RCCV Wall

ᾼ֮ѠϷ╥Є Ἤ ᴯ Ȳױ ᾼ

Ё Ԓ Ӣ Ȳ0.409MPaϷ╥в -

֣ᴯ פ Ӕ Ở Ϥ ᷉ᾼ Ȳ֪ Ɫ

Ё ᾼ⇔Лԛד Ȳ֝

в ẃẞ 0.468MPa   ὰὧᴫ֣в

Ѐᾼᴯ ц RCCV WallϯѠ М

иᴯ ế RCCV WallϱѠὧᴫ֣

  ὰᾼᴯ Ϸ Ở Ӣ Ȳв Ɫ

0.526MPa Ȳ Ϛ Ởὧᴫ֣ ὰҵ

Ἃᴼẞ RCCV Wallế ὰᾼ Ȳѹ

RCCV Wall ϯѠ ᾼ ᾼ֮ѠϷ Ở

ḆֵȲв Ɫ 0.582MPa Ȳ  

ὰὧᴫ֣в Ѐᾼ ὰὧᴫ֣ҵ

ᾼ Ởצ ד Ȳѹ RCCV Wall

ϯѠМѠ М иᴯ ᾼ Ϸ

ᾼ֣Ẓ ҏҟȲױҵ ὰ RCCV 

Wall Ϸ Ở Ӣ Ȳв Ɫ

0.595MPa Ȳ ὰ RPV ᾼ

ế RCCV Wall ὰᾼ Ở Ӣ

Ȳв Ɫ ∟ᾼ ϩ 0.637MPa Ȳ

Ҡѿכҏ ὰᾼ в ֣ҵ иᵉ

ᴟ ὰꞋצ ӢȲRCCV Wall

ὰ ᾼ֮ѠȲϷԓ צ ӢȲ

RCCV Wall ϯѠ ᾼ ЁϷ Ѿԓ

Ȳҫҵ ὑ Ё ᴯ ᾼ ȲҠ

ѿӦ  5.14 ế  5.15 ẞ

Ӣᾼᴯ ȲꞋⱢ ᶮפ Єế Єѻ ϩ

Єᾼᴯ ȲἨ╥ ᴶᶮᾭ оᾼ֮

ѠȲ Ӣᾼ ֥ ᾼȲ῀ Ϡ

Ӣᾼᴯ ∟Ȳ ὑ ᾼѠ֣Ҡѿ

ᴕ  5.16ế  5.17ȲӦὑ ᾼѠ֣

Єѻ ϩѠ֣╥₣᾿ᾼȲϷ ╥ Є

ѻ ϩѠ֣ᵛⱢ ᾼᾎ֣ Ѡ Ȳ֣╝

ᶺ Єѻ ϩᾼѠ֣ ҏẃҠ

ѿ ȲRCCV Wall ϯѠצ Ӣᾼ֮

Ѡὧᴫ֣ᾼ иȲ ѻ ѬӂѠ֣צ

ế₣᾿Ѡ֣ ȲҖ֣ᾼ и ѻ ╥₣

᾿Ѡ֣ Ȳ ὧᴫ֣ ẞҖ֣ᾼ֮ѠȲ

Ѡ֣⁄╥ּפ 45¯ᾼѠ֣Ȳ֯ RCCV 

Wall Ἁὰᾼ и ᾼѠ֣ѻ

╥ ֣ᾼѠ֣ϯѠ їѠ֣ Ȳ

  М ὰᾼ иȲ ᾼѠ֣ѻ

╥ҙ Ѡ֣Ȳ RCCV Wall ᾼ и╥

ѿ ֣ᾼѠ֣ ȲҫҵҠѿ  

Ѡ֣ Ɫ ᾼ֮Ѡ֯ ὰᾼ

иȲ ᾼ Ϸ╥ ֣ᾼ Ȳᵀв

Ѐ ᾪ ᾼ иѩҵ ὰ ᾼ и

Ѡ֣ḆⱢ ȴ 

 

5.2 ⇔   ᾼ  

› Њ Ἤ ᾼ ֯╥Ȳᶁה ᾼ

ᾭ ϯȲᵀӦὑ   в ᾼ ӢȲצҠ

╥֪Ɫв ᾼ Іч Ӣ ҵ

♪ Ἤ ӢȲἨ╥в ᾼ

ҵ♪Ȳ Ẓ ᾓἏἏ ╥ᴴ ᾼ

Ȳ֪ ᶺױ Ӈ ᴕ ẞḊ ֪Ɫ

ᾼ ȲT ϱ ὑ

Ёᾼ ᴩⱢ╥Ϛ − ᾼ Ȳ

ױ ⱢϠ оиέȲЛᴕ Ё֪Ɫ

ϩϯ ȲἨ Ё֪Ɫ

ᵂӣᾼ …Ҡ Ӣ Ȳ ᴕ

֪Ɫ ⇔с Ḋ ⇔᷉ ȲӐ ᶺ

ᴕ ABWR Design Control Document (2010)

ᴕ Ϯ Л֝ ⇔ᾼ ᾓȲиᵑ╥ Уᾼ

⇔ 171̆ ếЄ и Ӣ Ṷ╝ ᾼ

ẕ₤ ⇔ 260̆ Ȳѿц ⇔ Ṷ╝ẕ

₤ ⇔ ᾼ ᾓȲᶺ ậ 371̆ ᵂ҅ῶȲ

֯Ϯ Л֝ ⇔ϯ וֹ ⇔ế Є

֣ᴯ ế ֣ᴯ иέ Ὠֽ ! ᷄Л

ẞ ẃ ȴἬӱȲӐЊ ֯

Ἥắв ֣ᴯ Єᾼᴯ EL4800

Л֝ ⇔ ᾓϯ RCCV вה - ֣ᴯ

ֽ  5.18Ἤӱȴ 

 

 5.3   ᴞ  

ϱ Њ   Ἤắᾼ Ȳѻ

╥ иέ(Static Analysis)Ȳᴕ ẞӑẃ

  Ҡצ Ἥắẞ֮ ἤ ᾼ Ȳ

ⱢϠ ᵍҠ ᾼ ὑ Ὼᴞ
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Ȳ Ԛ ᾼ ӢȲӐЊ Ԓ

Ḗ   ֯ϚṷЛ֝ᾼ ꜜ ԈếḊ 

ἤ ᵡᾼ ᾓϯȲϠ ᴞ ᾼЄЊⱢ

ȲJ ὑѡ∟   ᾼ ϩиέҠᵂⱢϚ

ᴕȲ ה A ế ה B ᾼᴞ ֽῶ 5.3

ἬӱȲ Ϛ ֽ  5.19ц  5.20ἬӱȲ

Ӧ ! ᷄Лẞ ẃ ȴᶺ Ҡѿ ҏ

ה Bᾼ Ӑ ѩ ה A ẃᾼ Ȳ

֪Ɫ ה B ᾼ   ᾼḇạѩ

ֵȲ ᴩⱢד ȲҫҵϷҠѿ ѩ

Ϛ ҵ ṓᾼᵅ RC∂ᾬ(ѿ 3 Ɫ

Ẃ)ȲֽὨṼ Ϛ Џ ȲѿϚ Ɫפּ

Ểה0.1ּ ῴ ᾼ Ȳ Ӑ פּ

Ɫ 3.33HzȲ   Ӑ Ὑ ѩҵ

Ϛ RC∂ᾬ ҏ ֵȲ ֪Ɫ   ╥

ⱢϠ’ ч Ȳ ὑ ׄԓ ᾼ֪

Ȳ   Ӑṝ ϱᾼ ѩ ҵ

Ϛ RC∂ᾬ ҏ ֵȲἬѿ Ӑ

ȲӦ  5.19ҠѿכҏȲ֯  

ὰḥצḇạ Ԉᾼ Ȳ Ѡ֣ѻ

Ɫ XѠ֣(ὧᴫ֣)ѿц YѠ֣(Җ֣)ᾼ

ȲӦ  5.20Ҡѿ῀ ֯ ה Bᾼ ꜜ

Ԉ ᾓϯ   ẞ Ӑ ȲẔ

Ѡ֣ѻ ╥ Y Ѡ֣(Җ֣)ѿц X

(ὧᴫ֣)ᾼ ȲҫҵẒ Л֝ ꜜ Ԉϯ

  в ᾼ ὰᾼ ч פчצ

Ӣȴ 

 

гȳ ∂  

1. Х     ֢֯ Л

֝ᾼ ᾓϯȲἬ ᾼ ὨȲᶺ Ҡѿ

῀ᴕ ᴞ ᵂӣế   в вצ ὰ

ц Ёצ ᾼ ᾓϯȲἬ ҏ  

⇔Ɫ 0.637MPaȲᵀ ϱ  

ᾼ וֹ ϩȲ ѩӐѝМᵓӣצ

а ᾎἬ ҏᾼ иέ Ὠ ẃᾼЄȲ

֪Ɫ ϱ   ҵ צ Ẕ҃ ὰȲ

  Ӑṝ ẁ⇔ ὂᶼז ȲɲṼ

ү ϩеҨἬ ẁᾼῴ ׄԓἤиέ

ᵫȲҠѿ ῀   в ᾼв ⇔Ɫ

0.31MPa(45psi)ȲֽὨѿׄԓ… ᾼṔ⇔ҟ

ᾼכ Ȳׄԓ… Ɫ 2.054ȴ 

2. Х ᾼиέ ὨȲᶺ ῀ᴞ ᾼ

ᴕ ד╥ ᾼȲᴕ ᴞ ֪ⱢӐṝ

ᾼ …Ȳ Лὔ ᶮ ṿ ᾬ ׄ

ԓȲ   в ᾼ Ẕ וֹ ⇔ᾼ

ꜙЊȲẔѻ ᾼӭᾼ֯ὑ Ғ   ᾼ

ἤȲ֯ Ṷ╝ Ӣ ṮѦ ᾬ ᾼ

ҵ♪ᴟҵ Ȳṳ ҒἭ ϩȲ

ᾼᴕ ὑЄ₤ Ё ẔӇצ ἤȲ

ЁắἮ ϩᵂӣ П∟Ȳ צ ẃ

ἭắἮז ϩȲχ ⁄ Ё −ᶶ

ȴ 

3.   ֯֯Ἥắв ᾼ Мצ

֮Ѡѩ ὔ Ở Ӣ ȲиᵑⱢ  

ὰ֯Є ᾼѠ֣ϱ(ὧᴫ֣) ὰ

ҵ RCCV Wallᾼӻ цв Ѐᾼ

иȲế RCCV WallϯѠּפ -1700ᴟ

4800М Ȳד ᾼ RCCV WallϱѠ

Ȳּ֯פ 12300ᴟ 23500П ếв

RPV ὰ Ѿ ḥצ ᾼ ӢȲ

╥ѩ ׄԓᾼ ȴ 

4. Ѡ֣ᾼ иȲRCCV WallϯѠ

ὧᴫ֣(X֣)ᾼ ᴯ ṷ╥Ѭӂצ צ

ṷ╥₣᾿ ȲҖ֣(Y֣)ᾼ иѻ ╥

₣᾿ Ȳὧᴫ֣(X ֣)ếҖ֣(Y ֣)М

⇔ ᾼ Ѡּ֣פⱢ 45⇔Ȳᴟὑ

ὰв Ѐế ὰ RCCV Wall ȳ

RCCV Wall ὰ ȳRCCV Wall

ὰ Ȳ ṷ֮Ѡѻ ╥ѿ ֣Ѡ

֣ ȴ 

5. ⇔ ὑ וֹ ϩצ ᾼ Ȳ

⇔ᾼс Ȳ֪ⱢḊ о ֪Ȳ

וֹ ϩ ю ẃ Ȳֵ ֣ᴯ ế

֣ᴯ ẃ ЄȲT ֯Л֝ ⇔ᾼ ᾓϯ

ẞ ᾼ ᾓ Ȳ   Ӣ

ᾼᴯ Ѡ֣ ᾭ ϯדѩ

ЛЄȴ 

6. ֯ᴞ ᾼѠ ȲӦὑ   ᾼ

ׄԓ ḖȲ֯ ϱ ѩ

ҵ Ϛ ᾼRC ᾬ ╥ѩ ᾼ Ȳ

Ἤѿ Ӑ ╥ѩ ᾼȲҫҵӦὑ

ϱ   ὰצЄ Ȳ ὑ ὰצ

ḇạᾼᵂӣȲ֪ױ ה B ꜜ Ԉѩ

֥ ᾼ ᾓȲ ֥ϱ Ȳ в

ὑӐѝἬׁשṅᾼ   ᾬȲṳḥצ

ѩẂ ₤ᾼ וֹ ⇔П ȲT ѿ

צ а иέѠᾎ ᶺ ὑ  

Ἥắв ᾼ ᴩⱢế וֹ

⇔ếᴞ Ϛצ ᴕȴ 
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ϥȳῶ  

 

 
Ԇ ϩ

(Mpa) 

ϩ

(Mpa) 

ASTM 

A615 Gr.60 
420 620 

ASME 

SA-516 

Gr.70 

335 510 

ASME 

SA-240 

Type 304L 

170 485 

ῶ 3.1 ế ὰḊ  

 

 

 

 

 

 

 

 

 

 

 

 

 

Portion 
Materia

l 

Thickness 

(mm) 

Cylinder 

EL 

-8200-34

00 

Stainles

s Steel 
6.4 

EL 

3400-103

00 

Carbon 

Steel 
6.4 

EL 
10300-12

500 

Carbon 

Steel 
38 

EL 
12500-21

300 

Carbon 

Steel 
6.4 

Top Slab 
Carbon 

Steel 
6.4 

Basemat 

L/D 

portion 

Carbon 

Steel 
16 

S/P 

portion 

Carbon 

Steel 
16 

ῶ 4.1 RCCV ὰḊ ц⁴⇔ 

 
Global 

Element 

Lemgth(m) 

T3D2 

Element 

Number 

S4R 

Element 

Number 

C3D8 

Element 

Number 

Total 

Element 

Number 

CPU 

Time 

MIN MAX  

2.7 3 50908 590 1976 53474 00:18:17 

2.2 2.5 61615 906 2715 65236 00:21:39 

17. 2 75228 1515 4339 81082 00:29:46 

1.2 1.5 100449 3051 11068 114568 00:57:29 

0.7 1 148980 6705 32234 187919 01:29:18 

0.4 1 148980 11711 83778 244469 03:42:34 

ῶ ן 4.2 ἤиέа ӭ ậῶ 

 

 RCCV 

RCCV 

without 

Gravity 

Load 

RCCV 

without 

Linerplate 

RCCV 

without 

Rebar 

וֹ

⇔

(MPa) 

0.637 0.564 0.628 0.434 

Є

֣
5.36 4.5 5.89 2.2 
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ᴯ

(mm) 

Є

֣

ᴯ

(mm) 

9.38 10.22 6.18 4.93 

ῶ 5.1ҳ Л֝ ϯה וֹ ⇔

Єᴯ  

 

 

ῶ 5.2 Л֝ ⇔ϯ Єֹו ⇔ế

Єᴯ  

 

ה  A ה B 

Ӑ

(Hz) 
7.7383 8.7028 

ῶ ה 5.3 A ה B Ӑ  

 

ϟȳ ѱ 

 
 2.1  RCCV ӱ   

 
 3.1  ẕ₤ ϩ- פ  

 
 3.2 о ϩ- פ  

 

 RCCV 
RCCV 

(171̆ ) 

RCCV 

(260̆ ) 

RCCV 

(371̆ ) 

וֹ

⇔

(MPa) 

0.637 0.618 0.601 0.568 

Є

֣

ᴯ

(mm) 

5.36 5.85 6.62 7.66 

Є

֣

ᴯ

(mm) 

9.38 9.57 10.10 10.49 
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 3.3 ὰắ ϩ П ϩ  

 
 3.4  Ёắ ϩ П ϩ

-  

 
 3.6 Saenz Ё ϩ- פ  

 
        4.1   ₤  

 
 4.2 ₤ У ᴶѐЉ 

 

 
 4.3 ₤  
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 4.4 RCCV Wall ₤ 

 
 4.5 Top Slab ₤  

 
 4.6 Diaphragm Floor Slab

₤  

 
 4.7   ꜜ Ԉӱ  

 
 

 4.8 ҵϩ ꜜ Ԉӱ  

 
   4.9 ה A ꜜ Ԉӱ  
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5.1 - 1700в -ὧᴫ֣ ֣ᴯ

 

 
 

5.2 4800в -ὧᴫ֣ ֣ᴯ

 

 

 
5.3 12300в -ὧᴫ֣ ֣ᴯ

 

 

 
5.4 18100в -ὧᴫ֣ ֣ᴯ

 

 

 
5.5 23500в -ὧᴫ֣ ֣ᴯ

 

 

 
5.6 RCCV ה   ֣ᴯ иᵉ

 

 
5.7 RCCV ה   ֣ᴯ иᵉ
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5.8 RCCV вה ϩⱢ 0.409MPa

иᵉ 

 
5.9 RCCV вה ϩⱢ 0.468MPa

иᵉ 

 
5.10 RCCV вה ϩⱢ

0.526MPa иᵉ 

 
5.11 RCCV вה ϩⱢ

0.582MPa иᵉ 

 
5.12 RCCV вה ϩⱢ

0.595MPa иᵉ 

 
5.13 RCCV вה ϩⱢ

0.637MPa иᵉ 
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 5.14 RCCV вה ϩⱢ

0.637MPa Єѻ ϩиᵉ  

 
 5.15 RCCV вה ϩ 0.637MPa

Ё   ᶮ (ὍЄ 500 )  

 
 5.16 RCCV вה ϩ 0.637MPa

Ѡ֣ ( Җ֣כ)  

 
 5.17 RCCV вה ϩ 0.637MPa

Ѡ֣ ( ὧᴫ֣כ)  

 
 5.18Л֝ ⇔ϯ 4800в -ὧ

ᴫ֣ ֣ᴯ פ  

 
 5.19 ה A Ϛ  


