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: Ёȳᾘ ἇ ȳ⅞∟ҵ׃ᴰה ȳ Ѐȳֹו  

Ϛȳׁשṅ  

ᵅ Ёᾘ ∂ Ɏἇ Ἠᴰ׃ɏȲⱢү ד П∂ ᶮהȲױ

∂ ᾘ Ѡ֣ Ӧὑ ȳ ԏȳ П ḖȲ ד֯׀ П ЀȲ

‹ וֹ ϩȲ921Є֮ ӱȲױ ∂ Пֹו ἤ ֯ᾘ Ѡ֣ἏἏ҆Ϣ

ȴӭ›Џ ꜜѥ ȳצ ПѠᾎ ᴷ › Пֹו ἤ ȴ∂ׁש

ἬӖ ỗד102 ɦᵅ Ё ⅞ẓẕ₤ Ѐҵ Пֹו ᴩⱢׁשṅɧБ

⅞∟ҵ ЀᶮהȳЄЊȳᴯ ὑ וֹ ᴩⱢП ᴩ Ȳṳ ҏ

иέ ∂ ȷ ṅ֝שׁ ╓ҏϚ ⅞∟ҵ Ӧὑ ҵ  П ḖȲ Ѐ

ЄὑẔ҃ Ȳ Ӣ ᴿ 921Є֮ ∟ ṓϚ П Ȳ֪ױ

Ӈצ Ϛ ҵ ᴩֹו ἤ ὡПׁשṅȴ 

ӐׁשṅПӭᾼ֯ὑ ᵅ Ёᾘ ∂ ⅞∟ҵ Ȳ֯ ╟ЏἤП

ḖϯȲׁש וֹ ἤ ὡѠᾎȷ ∟ ЄѐЉ Ἤׁש П Ṇ

Ȳṳ וֹ ᴩⱢȲ ҏ ц П ⁄ȲѿᵓЏ ꜜ

∂ ȳЁѤц ᶾ ᴕṿӣȷӐׁשṅ֝ ᴕ Ѐ Пᾘ ἇ

ᴰ׃ וֹ ᴷѠᾎȲṳ ᴩ ẂиέȲѿ ӭ› ∂ᴰ׃Пֹו ᴩ

Ɫȴ 

ϡȳׁשṅѠᾎц  

Ӑ ПׁשṅЏᵂҔ╗:(1) ȷ(2) ѝ ӣἤ ᴷȷ(3)

ȷ(4) Ḋ ( Ё) Ӑἤ ȷ(5) ᵶ Ѐ П ϩᴩⱢ ȷ

(6) Ȳ ȳỪȳ ֢ꜜ Ȳ Ἤׁש ạᾼҠᴩἤ

цỂἋἤȷ(7)ᴕ Ѐ Пֹו ᴷѠᾎП ẂП ᴷȷ(8)



ᵅ Ёᾘ ἇ ᴰ׃ẕ₤ Ѐҵ וֹ ἤ ὡП  ṅשׁ

 

 

ד ѝП ѿц ᵫ ґ ѝ Ḕ ȴ 

Ϯȳӭ›ׁשṅ  

ӐׁשṅἬׁש ПḂṏה П җ ╟ЏȲБὑ ѐЉ ᵂ

М ⱢҠᴩȸҔ╗ ꜜ Ḋ ȳ Ѭӂ Ϥ ꜜ Ḋ ї

ȳ ḇ П җȳ Ṕ ╟Џ ȳѿц Ё ╟

Џȴ 

Ӑׁשṅ ҏ ᴕ Ѐ П וֹ ᴷѠᾎȲҠצ ᾼẦᵗЏ

ᴩᴕ Ѐ П иέȲ ӣὑ Ёᾘ ἇ וПֹ׃ᴰה

ᴷȴ ӣӐׁשṅἬ ҏПֹו ᴷѠᾎὑẒ ȳ ∂Пᾘ ἇ ׃ᴰה ᴩᾘ

Ѡֹ֣ו ᴷȲ ᴷ Ὠ ӱ П Є֮ῶҒ ⇔ ֥ ứȲצ

ПϚ ȲẔ ֪ ▀ҵȲỮ֪Ϛ Ѐ Ẕϱ Ɫ

ЄἬ ȴ 

ҳȳ ∂ Ṷ  

∂ Ϛ 

ᾘ ἇ ׃ᴰה Ѐ Ḃṏה Ѡᾎ: ӴᵛҠᴩ∂  

ѻ ȸв╜ ∂  ṅἬשׁ

Ầ ȸМ Ӗ ԓ ∂ е ȳМ Ӗ ЁѤᶾ е ԓ ֥ ȳМ

Ӗ ᶾ е ԓ ֥  

Ӑׁשṅ ѐЉ Ȳׁש Ϯ с וֹ ἤ ПḂṏה ȸҔ

╗ Ѐ ꜜ Ḋȳ ȳѿц Ṕ ȴ Ὠ ӱϮ

Ҡצ ὡ וֹ ἤ Ȳ∂ Ҡ ᴟЏ Мṿӣȴ 

  



 

 

 

∂ ϡ 

ᾘ ἇ וֹ׃ᴰה ᴷѠᾎ :ӴᵛҠᴩ∂  

ѻ ȸв╜ ∂ ṅἬȳשׁ ֮ Џ  ṅМїשׁ

Ầ ȸМ Ӗ ԓ ∂ е ȳМ Ӗ ЁѤᶾ е ԓ ֥ ȳМ

Ӗ ᶾ е ԓ ֥  

Ӑׁשṅ ҏ ᴕ Ѐ П וֹ ᴷѠᾎȲҠצ ᾼẦᵗЏ

ᴩᴕ Ѐ П иέȲ ӣὑ Ёᾘ ἇ וПֹ׃ᴰה

ᴷȴӦὑױѠᾎϞ ὑ ֮ Џ ṅМїשׁ ῟ Ἤ ᾼѠᾎȲ Ḃṳ

ҒϤ Ѐ а ᴖ Ȳ֪ױ∂ ֮ Џ Мї֥ Ȳ וֹױ

ᴷѠᾎ ẞЏ ꜜṿӣȴ 

∂ Ϯ 

ᴩᾘ ἇ וֹ׃ᴰה Ṇ Пׁשṅ: ӴᵛҠᴩ∂  

ѻ ȸв╜ ∂  ṅἬשׁ

Ầ ȸ  

ȳ ∂ᾘ ἇ ׃ᴰה וֹ ᴷ Ὠ ӱȲϚ Ь֯׀ Ȳ

ѻ֪ ▀ Ϛ Ѐ ЄἬ Ȳᴖױ ὑ֯׀ ∂Пᾘ

ἇ ∂МȲ׃ᴰה ᷾ϤẔ Ṇ ПׁשṅȲׁש Ḃ Ѡᾎȴ 
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ABSTRACT 

Keyword: Reinforced concrete structures, street residential buildings, backside 

exterior walls, opening, seismic. 

Low-rise reinforced concrete street residential buildings are a common building 

type in Taiwan. Due to the need for ventilation, lighting, and passway, the walls of 

such buildings along the street direction typically have a significant amount of 

opening, resulting in a significant reduction in the seismic capacity of the walls. As a 

result, many of such buildings showed severe damage along the street direction in the 

1999 Chi-Chi earthquake. Currently, there is no simple and effective means in the 

engineering community for the seismic evaluation of the walls of such buildings along 

the street direction. The 2013 ABRI research project, ñSeismic behavior of exterior 

walls with typical opening of low-rise reinforced concrete street houses,ò studied the 

effects of types, sizes and locations of opening on the seismic behavior of exterior 

walls in the back side of the buildings. Suggestions on seismic design and evaluation 

of the exterior walls were proposed. The study also indicated that the amount of 

opening in the exterior wall of the first story typically contains a higher area of 

opening than those of the other stories. This caused soft-story failure mechanism 

typically seen in the 1999 Chi-Chi earthquake. Therefore, it is necessary to conduct 

research on seismic capacity upgradete for the exterior walls of the first story.  

The objective of this study is to develop methods to upgrade the seismic capacity 

of the exterior walls in the first story of low-rise reinforced concrete street residential 

buildings through mechanical evaluation and finite element simulation while 

considering constructability. Furthermore, a seismic evaluation method capable of 
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considering the effect of opening on wall behavior is developed for seismic evaluation 

of low-rise reinforced concrete street residential buildings. The construction of 

full-scale walls has shown that the proposed upgrading methods are feasible. 

Moreover, casting of the upgraded walls has shown little voids and segregation of 

concrete. A seismic evaluation method based on pushover is proposed by this study. 

The proposed method can consider the effect of opening on the wall behavior. Seismic 

evaluation of an existing, new low-rise reinforced concrete street residential building 

using the proposed method has shown that even though the building satisfies the code 

requirement for design peak ground acceleration, the failure mode is associated with a 

weak, soft first story. The reason for this is due to a strong beam-weak column design 

and weaker walls in the first story than other stories above it. 
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Ϛ ṅשׁ  ￼  

Ϛȳׁשṅ  

ᵅ Ёᾘ ∂ Ɏἇ Ἠᴰ׃ɏȲⱢү ד П∂ ᶮהȲױ

∂ ᾘ Ѡ֣ Ӧὑ ȳ ԏȳ П ḖȲ ד֯׀ П ЀȲ

‹ וֹ ϩȲ921Є֮ ӱȲױ ∂ Пֹו ἤ ֯ᾘ Ѡ֣ἏἏ҆Ϣ

ȴӭ›Џ ꜜѥ ȳצ ПѠᾎ ᴷ › Пֹו ἤ ȴ∂ׁש

ἬӖ ỗד102 ɦᵅ Ё ⅞ẓẕ₤ Ѐҵ Пֹו ᴩⱢׁשṅɧБ

⅞∟ҵ ЀᶮהȳЄЊȳᴯ ὑ וֹ ᴩⱢП ᴩ Ȳṳ ҏ

иέ ∂ ȷ ṅ֝שׁ ╓ҏϚ ⅞∟ҵ Ӧὑ ҵ  П ḖȲ Ѐ

ЄὑẔ҃ Ȳ Ӣ ᴿ 921Є֮ ∟ ṓϚ П Ȳ֪ױ

Ӈצ Ϛ ҵ ᴩֹו ἤ ὡПׁשṅȴ 

ӐׁשṅПӭᾼ֯ὑ ᵅ Ёᾘ ∂ ⅞∟ҵ Ȳ ϩ иέἨ

צ а Ȳ֯ ╟ЏἤП ḖϯȲׁש וֹ ἤ ὡѠᾎȲ ᵍϚ

ȷ ∟ ЄѐЉ Ἤׁש П Ṇ Ȳṳ וֹ

ᴩⱢȲ ҏ ц П ⁄ȲѿᵓЏ ꜜ∂ ȳЁѤц ᶾ

ᴕṿӣȴ 
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ϡȳׁשṅ￼  

ᵅ Ёᾘ ∂ Ɏἇ Ἠᴰ׃ɏȲⱢү ד П∂ ᶮהȲя

Ẕ ᴩὑү М ֮ ȴױ ∂ ᾘ Ѡ֣ Ӧὑ ȳ ԏȳ П

ḖȲ ד֯׀ П ЀȲ‹ וֹ ϩȴ921Є֮ Ἢ⅞ П

ӱȲױ ∂ Пֹו ἤ ֯ᾘ Ѡ֣ἏἏ҆Ϣ ȲẔѻ֪ⱢϡȲϚⱢᾘ Ѡ֣

֪ Ѐ וֹ Пϯ ȲҫϚⱢӭ›Џ ꜜѥ ȳצ ПѠᾎ ᴷ

› Пֹו ἤ ȴ 

ἬӖשׁ∂ ỗד102 ɦᵅ Ё ⅞ẓẕ₤ Ѐҵ Пֹו ᴩⱢ

ṅɧБשׁ ⅞∟ҵ ЀᶮהȳЄЊȳᴯ ὑ וֹ ᴩⱢП ᴩ Ȳ

ṳ ҏиέ ∂ ȴ ṅ֝שׁ ╓ҏȲӦὑᶾ Ἠ∂ Л Ѐ П

⇔ ѠᾎȲ֪ױϚ Л Ẕ Ɫ ḊȲ ⇔ד102 ѐЉ Ѐ ч

Ὠ ӱȲֽȲ Ѐ Ьẓצ ֣ ⇔Ȳἕ ᴖЛ Ẕ ⇔Ȳ

ᾎ и ֢ ֣ ⇔Ȳὔ Лכ П ạȴ ẂᴖṕȲϚ

⅞∟ҵ ֪  П ḖȲẔ Ѐ Ϛ ЄὑẔ҃ ҵ П Ѐ Ȳ Ϛ

⅞∟ҵ ֣ ⇔ ᵅὑẔ҃ Пҵ Ȳ כ 921Є֮ ṓПϚ

ᾭᾓȴ 

› ὨӼ ӱȲϚ ⅞∟ҵ ֪ Ɫ Ȳ֪ױ Ϛ

⇔ Ȳ█ṷ ῏ ϚḔὑ ЀҳỂ Ȳ֯ױ

ѠהϯȲ П Ɫה Ѐ ◕П נ ϩ ȲẔ֪כⱢ ◕П Ṕ

֪ ЛṜȲ נ Ӣ Ἤ ȴ֪ױ∟ ἤ ὡПׁשṅȲӼ

ὑױ ◕ᾼ Ṕᶼ ϩП ὡɎ ⇔ɏ ═Ɏ ἤɏȴ 
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ϡ  ṅӭᾼשׁ 

ӐׁשṅПӭᾼ֯ὑ ᵅ Ёᾘ ∂ ⅞∟ҵ Ȳ ϩ иέἨ

צ а Ȳ֯ ╟ЏἤП ḖϯȲׁש וֹ ἤ ὡѠᾎȲ о וֹ

ἤ ҵȲӼ ᵍ 921Є֮ ṓПϚ ȷ ∟ ЄѐЉ ч

Ȳ Ἤׁש П Ṇ Ȳṳ וֹ ᴩⱢȲ ҏ

ц П ⁄ȲѿᵓЏ ꜜ∂ ȳЁѤц ᶾ ᴕṿӣȴ 

Ӧὑᵅ Ё ⅞Ɫү ד ᾼ Ȳה₤ ᴖ 921Є֮

ᾼ ӱȲױ ᾬὑᾘ Ѡ֣ Ӣ Ȳṳ ɦᵅד102

Ё ⅞ẓẕ₤ Ѐҵ Пֹו ᴩⱢׁשṅɧᾼׁשṅכὨȲБ ᾘ ἇ

׃ᴰה Ѐ⅞∟ҵ ᾼֹו ϩצ ȲẔМҠиⱢ ⇔ЛṜȳ ἤЛṾц

ϩЛṜϮЄѠ Ȳ֣֪ Ẕױ ᾼḂ ѿц ṅשⱢӐׁכ П

ȴӐׁשṅ ὑ⅞∟ҵ ᴩׁשṅȲ ӦЄѐЉ ȲӐׁשṅ Ҡ ҏ

⅞∟ҵ Пֹו ἤ сѠ ц Ȳ צ Ḃ ᾘ ἇ ∟⅞׃ᴰה Ѐ

ҵ ᾼ Ȳ ’ в ֵᵅ ᾘ ἇ Ṝצ׃ᴰה Пᶼ ạѿцἤ Ȳ

Є сϢӖӢỄ Пׄԓȴ 
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Ϯ  ṅѠᾎשׁ 

Ӑ ПׁשṅѠᾎҔ╗:(1) ȷ(2) ѝ ӣἤ ᴷȷ(3)

ȷ(4) Ḋ ( Ё) Ӑἤ ȷ(5) ᵶ Ѐ П ϩᴩⱢ ȷ

(6) Ȳ ȳỪȳ ֢ꜜ Ȳ Ἤׁש ạᾼҠᴩἤ

цỂἋἤȷ(7)ᴕ Ѐ וֹ ᴷѠᾎП ȷ(8)ד ѝП

ѿц ᵫ ґ ѝ Ḕ ȴӐׁשṅ ứПׁשṅ ⇔ῶֽῶ 1- 1ἬӱȲ☼

ֽ 1- 1ἬӱȲ ӣПׁשṅѠᾎц ⇔ Ὑ ֽ∟ȴ 

  



Ϛ   

 

 

 ѝ ֫  

 ϩ   ἤЛṜ  ⇔ЛṜȳϚ  

 ἤ сѠᾎ  

 Ѐ Ṿо  

 Ḃṏה X₤ ȳ

Њṳᵓӣ

 

 Ғ ⁴ȳɕ

⁴ȳ Є▀ѐЉ 

 

Ё 

 иέ 
  

 ЄѐЉ ч  

 ѝ ᴩ ẂП  

  

 ᾘ ἇ ᴰ׃  

 иέȳиέ ₤  

 ҵ П  

 

1- 1 ☼ṅשׁ  

ẃ :Ӑׁשṅ  
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ẃ :Ӑׁשṅ  

 

Ϛȳѝ ן  

ᾛ Ӑ ד ᾼ вҵѝ ȳ ѝȲѿц ᴕ∂ׁשἬ

ỗד102 ɦᵅ Ё ⅞ẓẕ₤ Ѐҵ Пֹו ᴩⱢׁשṅɧ Ѐ ϩ

П ὨȲW Ɫ ȳ ȳиέ ₤∂ ȳ ᴷѠᾎ∂ӴП ᴕȲ

ҫҵϷ ᵍӐׁשṅПв Ὠכצ ȴ╠צᾘ ἇ Ϛ׃ᴰה ⅞∟ҵ וֹ

ἤ П ѿцҠ Пֹו ἤ ὡѠᾎ ֽ∟ȴ 
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ϡȳ Ёц ӐḊ  

ḖậḊ П Ӑ ϩ- פ… Ȳӣὑ∂ӴḊ иέ ₤ȴ ӐḊ Ҕ

╗֢ ⇔П Ёц֢ П Ȳ Ё ắ ᾓП ϩ- פ Ȳ

⁄ ắἮ ᾓП ϩ- פ ȴ 

Ϯȳ Ѐ Пч  

Ӑׁשṅ…ѿᾘ ἇ ∟⅞׃ᴰה Ѐҵ ắ֮ ϩϯПᴩⱢⱢѻȲ г

Ѐ ▐ ȲẔМҔ╗צ Ѐ ▐цẓẕ₤ Ѐ ▐ Ȳ Ѐ

ӣ ẓү ẕ₤҅ῶἤП Ѐ₤הȳ ѿцḂṏה ȴᾘ

ἇ ׃ᴰה Ѐ₤ה Ȳ ӦӐׁשṅἬ П ᾘצ ἇ ׃ᴰה

ȳѝ ѿц ⅞ ḟứПȴḂṏה Ṽ רּ ACI

Ȳṳ ᴕ вҵד ѝ ПḂṏה ḟứȲḂṏӭ ֯ὑḂ

ᾘ ἇ П׃ᴰה Ȳֽ Ἤỗשׁ∂ד102 ɦᵅ Ё ⅞ẓẕ

₤ Ѐҵ Пֹו ᴩⱢׁשṅɧП Ὠ:Ϛ (Ϛ ⇔ЛṜ)ȳ ἤц

ϩЛṾП ȴ Ғ Ѡה ᵓӣẒќ 200tfᾒ ѿ"ᴯ ạ"

ѠהҒ ȴ 

Ғ ѠהⱢὑ ֣ᵓӣᾒ Ғѿч Ȳ ᴯ ạȲ

╟ Пᴯ ѩⱢ 0.25%ȳ0.375%ȳ0.5%ȳ0.75%ȳ1%ȳ1.5%ȳ2%ȳ3%ȳ4%ȳ

5%ȳ6%Ȳḕ ᴯ ѩ Ғ ϮװȲ Ҕ╗ῴỞ⇔ȳ Ԇᴯ

ϩȳ Є ȳ ᴯ ϩȳ ȳ ἤȳ ה ȴ 

 

ҳȳᴕ Ѐ ᾘ ἇ וֹ׃ᴰה ᴷѠᾎ 

ὑ ֮ МїП וֹ ᴷѠᾎȲҒϤ Ѐ аȲ ETABS

֥Ȳᶙכᴕ Ѐ Пֹו ᴷѠᾎȲ ṓ ҳ ᾘ ἇ ẓ׃ᴰה Ѐ⅞∟

ҵ וֹ ᴷȴ 



ᵅ Ёᾘ ἇ ᴰ׃ẕ₤ Ѐҵ וֹ ἤ ὡП  ṅשׁ

 

 

Хȳ  

Ӑׁשṅ Ϛװ Ȳ ȳỪȳ ֢ꜜ Ȳ Ἤׁש

ạᾼҠᴩἤцỂἋἤȴⱢ П ὨȲ ׄ ֯ ◕

Ȳ ц ПҠᴩἤȴ 

гȳ ᵫц ґ ѝП  

ӐׁשṅҔᵶẒװ ᵫП Ȳ ϚװⱢ М ᵫȲ֯ ᴩӐׁשṅᾼ Х ѣ

ὙӐ П ᴩ ⇔ȲБ ᶙכ М ᵫц М ▲Ȳ ϡװⱢ Ӓ ᵫȲ֯

ᴩӐׁשṅᾼ 11 ѣ ᶙכӐ Пׁשṅ ᵫȴ 
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ϡ  ѝ ֫  

ӐׁשṅПӭᾼ֯ὑ ᵅ Ёᾘ ∂ ⅞∟ҵ Ȳ ϩ ₤и

έȲ֯ ╟ЏἤП ḖϯȲׁש וֹ ἤ ὡѠᾎȲ о וֹ ἤ ҵȲ

Ӽ ᵍ 921Є֮ ṓПϚ ȷ ∟ ЄѐЉ ч Ȳ

Ἤׁש П Ṇ Ȳṳ וֹ ᴩⱢȲ ҏ ц П

⁄ȲѿᵓЏ ꜜ∂ ȳЁѤц ᶾ ᴕṿӣȴ 

Ϛ  ѝ П циέ 

Ӧὑᵅ Ё ⅞Ɫү ד ᾼ Ȳה₤ ᴖ 921Є֮

ᾼ ӱȲױ ᾬὑᾘ Ѡ֣ Ӣ Ȳṳ ɦᵅד102

Ё ⅞ẓẕ₤ Ѐҵ Пֹו ᴩⱢׁשṅɧᾼׁשṅכὨȲБ ᾘ ἇ

׃ᴰה Ѐ⅞∟ҵ ᾼֹו ϩצ ȲẔМҠиⱢ ⇔ЛṜȳ ἤЛṾц

ϩЛṜϮЄѠ Ȳ֣֪ Ẕױ ᾼḂ ѿц ṅשⱢӐׁכ П

ȴӐׁשṅ ὑ⅞∟ҵ ᴩׁשṅȲ ӦЄѐЉ ȲӐׁשṅ Ҡ ҏ

⅞∟ҵ Пֹו ἤ сѠ ц Ȳ צ Ḃ ᾘ ἇ ∟⅞׃ᴰה Ѐ

ҵ ᾼ Ȳ ’ в ֵᵅ ᾘ ἇ Ṝצ׃ᴰה Пᶼ ạѿцἤ Ȳ

Є сϢӖӢỄ Пׄԓȴ 

Ϛȳ ᴩⱢ ד  

ПᴩⱢϚứ ⇔ϱậḟὑ ѩɎὬ ὰϳ ɏȴ    (Ὤ ὰϳ σ) ᾼ

ᴩⱢȲ ắ פ ᾼᴩⱢ ᴿȴ Пדчᾼᵅ  (ÈȾÌ ςȢπ) 

ẔᴩⱢ Ӧ ϩἬѻ ȴ 

  



ᵅ Ёᾘ ἇ ᴰ׃ẕ₤ Ѐҵ וֹ ἤ ὡП  ṅשׁ

 

 

Ϛ Ḗ 

П Ԓ ϩ ⇔ ỞȲ Ἁ ϩȲ ’֯

ế֮ П ᾼצṜ ᾼᶼ ϩȲ ∟⁄╥ ếפ ֣ϩᾼ ֥ᵂӣ

[28]ȴ 

(a) ϩ [1]
 

ϩ ⇔Ɫ: 

 )'( ytccvn ffAV rla +=  (lb in) (2.1) 

ẔМ: 

cvA =ӂᴩ ϩѠ֣П  ⇔ ѿ ὰ⁴Ἤ П Ё

5.1,0.3 <= wwc lha ȷ 2.0,0.2 ²= wwc lha (ЮὑẒ῏П Ӧ ἤв ) 

wh =ԓ ἨἬᴕ ◕П ⇔ 

wl = ϩѠ֣ԓ ἨἬᴕ ◕П ⇔ 

l= Ё 1=l Ȳ+ Ё 8.0=l Ȳ Ё 75.0=l  

tr= ֣Ѭӂ ѩȲⱢ ֣ ₣᾿ὑ П Ё Пѩ 

(b) ϩ [1] 

П ϩ ⇔Ɫ: 

 m)( uyvfn NfAV +=  (lb in) (2.2) 

ẔМ: 

ὠ= ϩ ⇔ 
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ὃ = ϩ ◕  

Ὢ= Ԇ ⇔ 

ὔ=₣᾿ὑ ӂ П ϩ 

‘= …  

(c) ếפ ֣ϩ[28] 

ếפ ֣ϩᾼ Ҕ╗ῴḔ ѐЉ ПḟứȲ ꜜ Ḋ Ȳ

ϩ ФạиέȲѿцᴕ ꜜ Ḋȳ ֣ế ֣ ȳ ⇔ϯ

ᵓӣ ҅ᾎ оẔ ȴ 

ῴḔ ѐЉ Пḟứ 

ὑ ֥ ᶮ ȲҠᵓӣֽ 2- 1ἬӱПѠהῴᴷ Ἤ П₣᾿֣

ӣ ȲẔМҔ╗ᶁᵉԓ ᾼ₣᾿֣ ế ꜜ Ԉᾼ₣᾿֣ Ȳậ C

֥ϩ ȲֽϯהἬӱȴ 

 
wswspucsn ljTljTxPM 2211, ++=  (lb in) (2.3) 

ẔМὖПЄЊӦ  (Ҕᵶ Ԉᴞ ) ֥ứПȷБ῀ὖПᴯ Ȳϩ

ЄЊὼҠῺᴿ ПȲᶁᵉԓ ᾼ₣᾿֣ ϩПϩ ҠῺᴿὑὮὰ πȢτὰȲ

ꜜ Ԉᾼ₣᾿֣ ϩПϩ ҠῺᴿὑὮὰ πȢψὰȴ 



ᵅ Ёᾘ ἇ ᴰ׃ẕ₤ Ѐҵ וֹ ἤ ὡП  ṅשׁ

 

 

 

2- 1 ῴḔ ⇔ Ἤᴕ ᾼϩ  

ẃ : ᴕ ӭ [1]  

ꜜ Ḋ 

Ἤ ꜜ ḊϞ╥╓ Мᾘ ₣᾿֣ Ἠᾘ Ѐ₣᾿֣ П

иȲẔ ᵑѿ₣᾿֣ ц ֣ Ғ Пȴ ꜜ ḊиⱢ ꜜ Ḋ 

(special boundary element)Ɏ 2- 2ɏ ꜜ Ḋ (ordinary boundary element)

Ɏ 2- 3ɏẒ ȴ›῏ ∟῏ Є ᵑ֯ὑ›῏ Ṝ П ӣ ứɎ

ᴿὑ▀П ɏȲѹ  ꜜ Ḋ иПѬӂ֣ ὑ ꜜ Ḋ ї

Ё ȴACI 318[1] ẁϠѿϯẒ Ѡᾎẃᵒứ╥ᵡ ꜜ Ԉȴ 
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2- 2 ꜜ Ḋ 

 

2- 3 ꜜ Ḋ 

ẃ : ᴕ ӭ[1] 

 

ꜜ И Ḗ -ѠᾎϚ 

֯ắ ϩὖϯȲ П ϩ ⇔ cȲ ṜϯהȲ⁄ ꜜ

Ḋ(special boundary element)ȴױѠᾎ Ѭӂ ᴯᴟ ᴯ  Ɏ

Ɫ ᴯ Ȳѹ Ὤϳ П Л Њὑ 0.007ɏȲֽ П Ё █

ꜜ ɎЮὑ 0.003ᴟ 0.004ɏȲ ꜜ ԈȲṳѿ ֣ ḇПȴ



ᵅ Ёᾘ ἇ ᴰ׃ẕ₤ Ѐҵ וֹ ἤ ὡП  ṅשׁ

 

 

┬ϯהḟứ ꜜ Ḋ ȲẔ Ӧ ꜜ ἋᴼϚ ⇔ЛЊὑ

ὰ Ɏ ἤ ⇔П ɏἨ Mu,cs/4Vu,csɎ ᴟЊὑ Ё ɏȴ

ẔМὰⱢᾘ ϩѠ֣ԓ  ἨἬᴕ ◕П ⇔Ȳ֯ױ в Ё’ ╥Ҡ

ᾼȴ 

 c
600( / )

w

u w

l

hd
²  (lb in) (2.4) 

ẔМ: 

c :Мἤ ⇔ 

Ὤ : ꜜ ᴟ ᾼ ⇔ 

ὰ:  ⇔ 

ᴯ :  

ꜜ И Ḗ -Ѡᾎϡ 

ᾎϡⱢ ὑ֢ ֥ϯȲֽ֯ П Ἠ эỂ ϩ Є Ȳ֯ᵶ

֮ ᾼ ϩᵂӣϯȲẔ ӢП Є Ё ϩ 0.2ὪȲ⁄

ꜜ Ḋ (special boundary element)Ȳֽ 2- 4Ἤӱȴ ꜜ ԈҠ֯ Ё

ϩЊὑ 0.15ὪП Ѧ[28]ȴ 
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2- 4 ᾎϡḟứ ꜜ Ḋ 

ẃ : ᴕ ӭ[28] 

ꜜ ḊП ḇ ӣ ϯהḟứП 

 
ytccsh ffbA /'09.0=  (lb in) (2.5) 

ẔМ: 

ὃ =֯ s в₣᾿ὑὦѠ֣П ֣  (Ҕ╗ )  

s= ֣  

ὦ= ὃ П▀їѐЉȲᵛҵ ḇ їᴟїП  

Ὢᴂ: Ёᶼ ⇔ 

Ὢ : ֣ Ԇ ⇔ 

֯Л ꜜ ḊП Ȳ ꜜ ḊП As,be/Ag,be>400/fy,Ȳ⁄

ꜜ ḊȲẔМ As,beⱢ ꜜ ḊП ֣ ȷAg,beⱢ ꜜ ḊП

ȴ 

  

Ɫ Ẓ Ѐ ἨϚ Ѐᴟ ꜜȲ ᾼắ иȲẔ ѩ



ᵅ Ёᾘ ἇ ᴰ׃ẕ₤ Ѐҵ וֹ ἤ ὡП  ṅשׁ

 

 

Ὤ ὦ ςϳ Ȳ   ѩὰ ὦ φϳ ȷὬⱢ Ḋ ȳὰⱢ Ѭӂ ȳὦⱢ

П ⇔ȴẔ Ӑϱ Ϛ ȲѹӇ Ṝ ἤᶼ ▐▀

ὑ ȳ ḇ ϩ ⇔ᾼ ứȴ ὑ ѩЄὑἨ ὑ 2.5П Ȳ

ẁҫҵ Ѡᾎ[1]ȴ ὑᴯὑ ҵ П Ȳ Ḗὑ ϱцϯ

Ѭӂ Ȳѿ П ϩᴟѻ МȲֽ 2- 5ȴ 

 

2- 5 ϱ ϯ Ѭӂ ϩ 

ẃ : ᴕ ӭ[1] 

Ṕ֣  

Ṕ֣ П ѻ иⱢв ḇцҵ ḇ ứȲֽ 2- 10 2- 7ȴ

⇔М ПẒ Ṕ֣ Ȳ Ṝϯԝ(1)ȳ(2)ȳ(3)Ἠ(4) Ԉ: 

(1) ϩ ⇔Ṽϯה ȸ 

 cwcyvdn Af652sinfA2V ¡¢= .a  (kgf cm) (2.6) 

ẔМ 

Vn = П ϩ ⇔ȴ 

Avd = Ṕ֣ ȲḕϚ ṔѠ֣Ἤ П ȴ 

a =ứ Ѡ֣ᾼṔ⇔ȴ 
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Acw = Ϛ ȳѬӂ ◕Ἠ ὂᶼ ϩП Ё ȴ 

(2) ԉϚ Ṕ֣ ᴟю ẓצҳ ȷ Ṕ֣ Ϥ П ⇔Ȳ ѿ

ắἮ ᴼ  ⇔ Пȴ 

(3) ҵ ḇ ứȲѿϯ ứиⱢ(a)ȳ(b)ȳ(c)ȳ(d)ц(e)Ȳֽ 2- 7: 

(a). ֣ ┬ϯԝ ứ : 

Ἠ ᶮ ֥ П ѩrsЛ ЊὑϯהП ȴ 

 ytcs ff120 /. ¡=r  (kgf cm) (2.7) 

 
yt

c

ch

g

s
f

f
1

A

A
450

¡
-= )(.r  (kgf cm) (2.8) 

ᶮ ֥ ц П shA Л ЊὑϯהП ȴ 

     )(. 1
A

A

f

f
bs30A

ch

g

yt

c
csh -
¡

=  (kgf cm) (2.9) 

   
yt

c
csh

f

f
bs090A

¡
= .  (kgf cm) (2.10) 

ẔМ: 

Ag = Ё ȴῈї ȲAgЛᵶῈї Ԍ ȴ 

Ach = Ἠ ֣ ҵ ѿвП Ḋ ȴ 

s = ֣ ȳ ֣ ȳ ϩ ȳ Ἠ ПМї ȴ 

(b). ḇ ֣ ҵП Ё⁴⇔ 10 cmȲӇ ϡ ֣ Ȳ

Ẕ Л 30 cmȴ ϡ ֣ ҵП Ё⁴⇔Л

10 ȴ 



ᵅ Ёᾘ ἇ ᴰ׃ẕ₤ Ѐҵ וֹ ἤ ὡП  ṅשׁ

 

 

(c). ֯ Ḋ ϱȲ Ἠ ֥ ד ֢ῒПМї hxЛ 35 cmȲ

ֽϯ 2- 6ȴ 

 

6db ² 7.5 cm 

6db  

90̄  

 

x5 

x4 

x1 x2 x3 

xi 35 cm 

hx =Max{ xi  } 
 

2- 6 ▀ ḇ Ẃ  

ẃ : ᴕ ӭ[1] 

(d). Ṕ֣ П Ẕ ֣ Л 15 cmἨ 6dbȲֽϯ

2- 7(a)Ӵ ȴẔМ db= Ṕ֣ ᾿ ȴ 

(e). Ṕ֣ ֥ ȳ Л 20cmȲֽϯ 2- 7(b)

ȴ 
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(a) 

 

(b)Ȳ 

2- 7 Ṕ֣ ҵ ḇ ứȲ (a)Ӵ ȷ (b)  

ẃ : ᴕ ӭ[1] 

  



ᵅ Ёᾘ ἇ ᴰ׃ẕ₤ Ѐҵ וֹ ἤ ὡП  ṅשׁ

 

 

(4) в ḇ ứȲѿϯ ứиⱢ(a)ȳ(b)ц(c)Ȳֽ 2- 10: 

(a). ԉϚ Ṕ֣ Ȳ Ṝѿϯ 1~4Ἤ ứП ֣ ȴⱢ
gA Ȳ

Ẕҵẓצ ֥ Ḗᾼ Њ’ ⁴⇔ȷȴ 

1. ֣ Ӈ Ṝϱ (3)ҵ ḇ ứП(a)ȳ(b)ȳ(c)ȴ 

2. ֣ Ҡ ӣ Ἠ ֥ ȴ ֥ ЄЊ֝ד П

Ҡṿӣȴ ПẒ ᶁ ὑ ֣ Ȳṳ ȴ 

3. Ḋ їП ⇔ ṜҔᵶ֮ П Ȳ֥⁄ҠЛӇ ֥

ϱ(2.9)הц(2.10)הП ứȴ 

4. ֣ П Л ȸ 

4.1 6 ѻ ᾿ ȴ 

ה) 4.2 2.11)ứ П 0s  

 )(
3

h35
10s x

0

-
+=  (cm) (2.11) 

0s П Л 15 cmȲӼЛӇЊὑ 10 cmȴ 

hx =ᾘ▀֢ ד Ἠ ЄѬӂ ȴ 

(b). ԉϚ Ṕ֣ ȲẔӦ ֣ ҵ П ⇔Л юὑ 2/bw Ȳᴖ

֣ ҵ П ⇔Л юὑ 5bw / ȴ 

ẔМ: bw = ⇔Ἠ ᶮ П᾿ ȴ 

(c). Ṕ֣ П Ẕӂᴩὑ П ֣ ֣ ȲẔ

Ṝѿϯ ứ: 
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1. Ѭӂ ϩ AvhЛ Њὑ0.0015 bw s2Ȳs2Л Єὑd /5Ἠ30cmȴ 

2. ṿӣ ᾭ ( 2- 8)П sb Ɫ 0.75l Ȳ ѿϯ זּ

ȲẔ Ṝѿ ᶼ М֪ ϩ Ἤ ӢП ֣Ἦϩȴ М

ϩ П Ҡ ậ ֣ ֣Ɫ 2:1Пѩ ȴ 

cf¡ӑ
2cmkgf420 / Ȳּז П ( 2- 9) ẞ: 

 0030sin
sb

A
i

is

si .²ä a  (cm) (2.12) 

ẔМ: 

siA Ɫּז i П ȲẔ Ɫ isѹ ᵧ iaṔ

⇔ȴ 

bs = Ἦ Пצ ⁴⇔ȴ 

bs = Ёצ ᶼ ⇔ắ ḇ П Ӕ֪  

l = Ё ᴯ П Ӕ֪  

Avh = МȲӂᴩὑắ Ἦϩ П ϩ ὑ s2 вП ȴ 

bw = ⇔Ἠ ᶮ П᾿ ȴ 

s2 = ֣ ϩ Ἠ᷁ϩ ПМї ȴ 

d = Ḋ ҵắ ᴟ ֣ắἮ їП ȴ 



ᵅ Ёᾘ ἇ ᴰ׃ẕ₤ Ѐҵ וֹ ἤ ὡП  ṅשׁ

 

 

(a) A.4.2

(b) A.4.4  

1a

2a

1sA

2sA

2s

1s
 

ה₤ 8 -2  2- 9 П  

ẃ : ᴕ ӭ [32] ẃ : ᴕ ӭ [32] 

  








































































































































































































































































































































































































































































































































