


 

 

 

 

ЁⱢῺדẃ ѷ҅ᾼֹו Ḋ Ȳẓצ о ᵂц ע

П Ȳᵀү ֯ ӣѠ Ɫ юᾎ ӼЛᶙ ȲӦὑᴞẃѬ

♂ Џ ṓὑ זּ ∟ᵛ ЁȲ֪ױ ѱ֯Ҭᴕ ╟

Џ ḖϯȲἬ П юἨҠѿ ҅Ȳ֪ױ ᴩד П

ȴ 

Ӑׁשṅ֝ ᴩ Ё ѱᾼ ᵂȲṳѹ֯

ѱϱׄ Ӈ ᾼ Ȳ ѱắϩ∟Ἤῶ ᾼᴩⱢ ѩ ȷ

Ὠ ӱȲ П A₤ ѱᶼ Ὠ 66.9е ҏ Ḗ

28.6е ֵȲҠᴕ ᵅ ᵍ ц Ḋ ᾼ ᾓȴ 

Ё A₤ ѱП ᶼ ⇔ 13.4 Ȳ Б

ẞ П Ḗ 13.23 ᵀ ∂ῺȲЬד ṿӣю ѻ ẁ

ᶼ ⇔ȷ П K₤ ѱ֯ἮἸ цᶼ Ꞌ ẞЏᵂἤ

ḖȲ╝ӑẃἨҠậ҅ ᴩ П K₤ ѱȴ 

֝ П ל ѱȲṿӣ Ё ѱП ц

Ꞌ ᵅȲ Ɫ Ӑ 27.5%(A₤)ц 10.46%(K₤)Ȳ Ḇ╥

Ɫ Ӑ 10.56%(A₤)ц 6.79%(K₤)Ȳ ѿ ѱ ᴕ Ȳ

Ɫ Ҡ ᵅ 4.27%ȴ 
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Ϛ   

ṅש1.1ׁ ц  

ЁⱢῺדẃ ѷ҅ᾼֹו Ḋ ȲṼ ѝӔ Ϣׁש

ṅ ӱ[2]ȲẔ֝ ᴞ҉צ Ё֯ Ἧ Пᴞ҉ ☼

ἤȲцắἮ ᵧ оПϩ ἤ ȲѹꜙᴟҠѿᶙԓЛ

֣ Ȳ ӣ֯֝₤ Є ᾼ Ё ḊϱȲᵛẓצ о

ᵂ Ғ ц ע П ȴ 

ӦὑᴞẃѬ ЏᾎМȲᴕ ӻ П

ȲⱢ֮ϯῈ Ḇצ ᵓӣȳ ᵅ ֮ӻ юӖ≤Ἠ ᵍ

Ӏ ֪ ᴕ ϯȲ ӣ Џᾎל ᴞẃѬ ȴ 

ᴖ Џᾎ╟Џל МȲ ṿӣЄ Пв ѱᶮ֮כϯ♂

Ȳѿᵓ∟ ПᴞẃѬ זּ Ȳᵀү Ё ѱἬṿӣᾼ

ҵד ПϯȲ ҏ ֵȴῺדẃЛ ╥ ӐṝᾼḊ

ȲἨ῏╥ Ἤ ᾼϢЏ Ȳ Є ⇔ сȲᴖ ѱ

 ȳ צ Ȳѹ в Ḗ ϭЄȲ צ╥ Ởׁש ẓ

֝ ἨḆṾғ Ȳ ⁯Ҡ ד ᵅ ѹӢ ⇔ ᶶᾼ ѱ

ПӇ ἤȴ 

צ ὑױȲӐׁשṅ Ɫ ɦ Ё ѱɧ ҅



 

2 

 

ɦ Ё ѱɧПҠᴩἤȲ ỗ М Є ᴩԓѐЉ

ѱ [1]Ȳṳ֯ ѱϱׄ Ӈ П ᴩѩ циέȴ 

1.2 ӭ ц  Ὠכ

Ӑ ӭ цכὨ ứֽϯ: 

ɎϚɏ П Ёв ѱȴ 

Ɏϡɏ Ё ӣὑ ЏᾎПвל ѱ

ȴ 

1.3 ứ ⇔ 

Ӑ ὑ ד113 1ѣ 25ѡ 20ựᶾ ṅỗשׁ ỗװ4

▲ ṳὑ ד113 2ѣ 21ѡ 20ự Ṷ װ6

Ȳ ᴩ Ɫ ד113 3ѣ 1ѡᴟ ד113 11ѣ 30ѡȲѿ

М ᵫⱢꜜȲиⱢϱϯẒ ᴩȲ ֽῶ 1ȴ 

Ϛ ד113: 3ѣᴟ ד113 6ѣ ṅשׁ ᴩ ן Ȳц ӣ

ЁПв ѱῴḔ ȴ 

ϡ ד113: 7ѣᴟ ד113 11ѣ ЁПв ѱ ȳ

ц Ὠ ȴ 
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ῶ 1 ứ ῶ 

          

Џᵂ ӭ 

 ⇔ד113

3ѣ 4ѣ 5ѣ 6ѣ 7ѣ 8ѣ 9ѣ 10ѣ 11ѣ 

ד ᾎ ȳᵂ

ц Ẃ  

         

ᴩ ц

ЁП ל

ѱ Ẃ ц
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М ᵫ          

ЁП

⇔  
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Ӓ ᵫ          

⇔(%) 10 20 30 40 50 60 75 90 100 
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ϡ  Џᾎל 

2.1 Џᾎל  

פЏѠᾎּ╟ל ὑϫϟѷּנȲ Ԓ ӣὑ Ђ

ᾈᾈἉ Џ Ȳ ὙᴟЭ Ὼ Ȳᴖד200 в ԒӦ Җ Ӣϯ

Ѭ ᴁѬ і Ȳцᴟ ד1980 Җ Ở ЏȲ ЏᾎИל

ỞЄ ֯ в ц[3]ȴ 

ЏᾎПᵂᾎ…ὑ֮ϯל › Ȳ ›∟┤Уṳѿ

ל ┤ › Ȳ֝ ὑ∟ѠὍϤ ѱ ⱢБ┤ҏП♂ ќ ȲϚ

Џל ╟Џ›Ȳ Ẕӭᾼᶁ ᴩ ᴷȲԛ ▲֮ ד

ᾓ∟Ȳ Џ Ẕ ╟Ȳ ᴩ ЄЊцל ӣ

ẓȲᴖв ѱᾼ ᵛⱢẔМ ᾼϚ ȴ 

2.1.1 ӣ ЏᾎПל Ӧ 

ὑᴞẃѬ МȲ֪ Џᾎל Ȳ ṓⱢὙ┤ԛ Ѭ

ПЏᾎȲ╟Џ Ȳ ֮Ἁϯ╟ЏϷҠṿӣ ЏᾎȲᵀ

זּ Ѝ ֮Ἠ Ȳ⁄ ᾎṿӣ Џᾎ╟Џȷҫҵ

╥ ϯ ֵȳ ⇔ЛṜȳӻ ☼ Є ᾼ֮ѠȲϷ

ᾎṿӣ ЏᾎȲ֪Ɫ Џᾎ צ ֵПЏᵂУֽ

1Ȳ֪ױ ϱױ ắ Ἠ П Ȳṿӣ ЏᾎⱢѻל
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ȴ 

 

1 ЏᵂУц ל ѩ Ὑ 

 

2.1.2 ל цЏᵂУ 

ЏȲ╟ל ԒӇ Џ П ȲѠ П

 ⇔ѿц֮ ᾓȲ ᶠПЏᵂУֽ ᷄ӂ᾿ ◕ѹצῈ֮

Ȳ ╥ ṾѠ Ȳֽ 2ȴ 

 

2 ЏᵂУᴯ  

ḟứ ᴯ Ȳ⁄ ᴩ ϯ֢ ц֮

Ȳ֢ ֽ 3ἬӱȲҠ ᾒצ ȳ ‒ ȳ╠צѬ Ȳῴ

Ḕᾼ ᴯ Ӈ Ṝצ ⇔ȲὑᴞẃѬеҨМϚ Ё

6mᾼ Ȳ ’ Д Ẕ҃ ȴ 
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3 ⇔ 

ḟứ∟ȲЬ ▲֮ Ȳֽ 4Ȳ ᾘ

֮ ▲ц МїП֮ Ғϱ ѩ иέ

Лᴟὑ╟Џ ֮כ ϯ ╟Џ ҵȲӼ╥‍ П ȴ 

 

4 ֮ ▲   
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2.1.3ЏᵂУȳ ♂ל ЄЊ 

ЏᵂУᴯ ᴕ ᵡ ᴖ Л֝ЄЊȲѿцṿӣᾼ

ᶮהȲϚ ӣ RCḛ ȳ ὰ ц ὰᾼѠהȲᴖ ♂ל

ᾼЄЊ ЏᵂУȳ ל ȳ ל ѱᾼ ȲṼ ᴕѝ

[4]ȲᴞẃѬЏ ЄֵṼ Ѭ ẃḟứ ♂ל Ȳᴕ Ϣ Ϥ

Ὲ Ȳ∂ ѿᴟ D=1500mmⱢиꜜֽῶ 2ȴ 

ῶ ♂ל 2  

Ѭ D ל♂ D2 

Dʨ1500 ѹЛ Ȳ♂ в  

D2ʨD+900 (mm)Ȳṳ ҵ ѱвῈ

Ёֽ 6[4]ȴ 

D<1500 ѡ∟ֽ Ȳ֪ вῈ ыЊȲЏϢ

ѿ Ϥ в Ȳ╝∂ ɦ

ɧȲD2ʨD+2000 (mm)Ȳṳ

Ȳֽ 7ȴ 

֪ᴞẃѬЏ ѻ Ɫ ᴞẃѬ Ȳ ᶙצẒ ᵂᾎȲ Ѭ

ל МᾼῈ ѿ Ἠ ᾼѠהȲֽ

5[3]Ȳ╝Ẕ ♂ל ЄЊᾼ ӣ Ѭ צ ȴ 

 

זּ 5 ￼  



 

8 

 

 

6 ҵ ╟Џ Ẃ 

 

7 Ϯ ל Ẃ 

 

2.1.4 ѱ  

ứᶙכ ⇔ ӣȳ ♂ЄЊȳ ל ᶮה ֢ › ᵂ

ᶙכȲᵛ Ở ל ѱᾼ Ḋ ȲϚ Ḋ ṓⱢϮ Ȳ

1.RC ѱ( Ё ѱ)ȳ2. ѱȳ3. ѱȲ ṓᾼḊ



 

9 

 

Ɫ RC ѱȲ֪Ẕἤ ѩ Ȳצ ᵑ ќ П ԛ ӣ ѱ

Ἠ ѱȲ צПҵỮױ ֵ ѱȲі ᴞ[5] ѱᶾ ֵ

(1) ѱ ᴞ оцעϩоȳ(2) ╟Џȳ(3) ᵅ Ӑȳ(4)כ

ע ϡװ ֪ȳ(5)שׂ (вѬ ȳЄ ) Ȳ╝

ᶾ ѿ ѱП Ɫ ȲᴖᴞẃѬеҨҫצ ֥ ᾼѠ

᾿Ȳה ◕ ӣ RCP ᾼѠהȲ ẞ ԛהᾼѠל

כ ѱȴ 

ѱᾼ ḕ ӦϮѱ A₤ȳϡѱ B₤цϚѱ K₤ ѱȲѿ

Ἅᶮ ֥ᴖכȲ Ẃ 8ȴ 

 

8 ѱП  כ

  



 

10 

 

2.1.5 ѱᾼ⁴⇔ ⇔ 

ѱᾼ⁴⇔ ӣȲϚ ֪ҵ ӣⱢ 250mm⁴ȲᴞẃѬ

Џ ӣ 200mm⁴ȲṼ Џ ḖᴖצЛ֝П⁴⇔Ȳ ⇔Ϛ ֯

300mm~1600mmП ȲᴞẃѬ Џל П Ẃ ֽ 9ȲⱢ ѱ

⁴⇔ 200mm ⇔ 1000mmП ѱȴ 

 

9 A ₤ RC ѱ 



 

11 

 

 

10 B₤ RC ѱ 

 

 

11 K ₤ RC ѱ 
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2.1.6 ѱᾼ  

Ϛ ѱ Ϡҵ₤ҵȲ ᾼ╥ ֥֢ Ȳ и

Ӧ ᶾ ᴩ Ȳ ᴕ П ӭֽϯ: 

1. ֮ П ȳЁ ϩ Ѭ ϩ: 

(1).ѿ иέ ПѠה 

Ԓ∂Ӵ ₤ֽ 12ȲḊ ϤḊ ȳ⁬⇔ȳ 

ȳᴞ Ӑ ∟ ᴩ Ȳ Ὠֽ 13- 15Ȳ

ẞ ֥ ȲҠԛ ֢ П ϩȴ 

 

12 ₤  

 

 

13 Ѭӂ ᴯц₣᾿ ᴯ  



 

13 

 

 

14 ѱќ ϩ  

 

15 ѱќ  

 

(2).ѡӐ ӣП ᾎ ᴩ֢  

ֽ 16Ȳѿеה ₣᾿ ȳѬӂ ȳѬӂϮṔᶮ ȳ

Ѭӂ֮ чϩȳᴞ ֢ ϩᾼ ȴ 



 

14 

 

 

16 ц ӱה  

 

 

 

2. ֮ П ϩиέ 

ᵛ ᴕ ֢ ֮ П Ȳֽ֮ і П ֣ȳ᷁פ

ȳ ┤ц֮ і П ȳЁ ц֮ іפ᷁ П

ȳ֮ і П᷁פ Ȳױ и Ҡ ᴕ ᴕᴞẃѬ ╟

וֹ ╓⁮ц ȴ 

 

3. ╟Џ ᾼ иέ 

(1). ᴕ ל ᾼϾџ ϩ  

֪ ל › ╥ѿϾџ ПѠהᵂӣὑ ѱϱȲ ’ ѱἬ



 

15 

 

ắ ϩЛ Ё ϩȴ 

(2). ֞ ц  

֯ ֮М ц׀ ֞ Ȳֽ 17Ȳ֪ױ

ᴕ ד П ᶮ ϩȴ 

 

17֞ ӱ  

 

(3). ￼ ϩ 

שׂ Ӵᶙכ∟ȲⱢ ᶠל Ȳ Ӧ ѱ э

ᶠל Ȳѿ П ᾼэ Ӈױ֪ Ẕ ϩȴ 

(4). ѱП ц ֥ ϩ  

ἬắἮϩЛ ⇔Ȳѿц ЁП ϩ

ϩЛ כ ȴ 

(5).  

Ϛ Ɫ › ҏП ϩ Ϥ ה ᵗ Ȳ ҏἬӣ ю

ѻ ц’ ⁴⇔ Ȳד ֽ 18ȴ 



 

16 

 

 

18 Ẃ  

2.2 ѱᾼ  

ᴕ[6]Ȳ ѱᾼ иⱢ Ё ȳ ᵂȳ ѱ

ȳ ѱ ȳ₇כ ȳ цҏ Ḕ Ȳֽ☼ 19ȴ 



 

17 

 

 
19 ѱӢ ☼ [6] 

 

Ϛ ЁṼ ӣ ֥еԚЏ ỗ ╟Џ

03010 ɦϬ Ѭᾇ Ёɧц 03054 ɦѬᾇ Ё

ᾬɧ ứȲϚ ṿӣ ⇔ Ё 420kgf/cm3П Ȳ ѩṼ

֢Ḋ П Ἠ Ȳᵀ Ь ֥ Ḗ ⇔ȲҫṼ

Ȳ П Є цᶀ⇔ ҵ ứȲ П Є Ɫ

19mmцᶀ⇔Ɫ 2.5~5.0cmȴ 

ὰᾼ иȲϚ ֥ 03110 Ёӣ ὰ

ц CNS7334 Ёӣ  ὰᾼ ứȴ 

2.2.1 Ё  

ϚȳἯ֥ Ϛ  צ

(Ϛ) ᴞ :Ἧ֥П ѿ ạȴ 



 

18 

 

(ϡ) ᴞ Ἧ֥ :ẓצԓᴞ ạ ȲἬצ Ꞌѿ

ạȴ 

(Ϯ) Ѭᾇ :ӣὑ Ѭᾇ׀ Ȳᵀ Л 6

ѣȴ 

ϡȳἯ֥ѿᴞ Ӣ ⱢṾȲѬᾇḊ ạ֯Ӕ 1%Ȳ

Ḋ ạ֯Ӕ 2%Ȳ Ѭ ạ֯Ӕ 3%ȲẔ҃ᾃ Ṷ

Ṽ еԚЏ ỗ ╟Џ 03050  Ё Ӑ

Ḋ ц╟ЏϚ Ḗц֢Ἧ֥ П ứȲἯ֥

Ṽ [6]ⱢἬצḊ ҒϤ ∟ה60ּ ҏȲṳ ḕ

ҒПḊ ӣ ȲҠṼ Ёᾼ ᾓḂ Ȳᵀ

Л דȲה180ּ Ἧ֥ ֽ 20ᴟ 23ȴ 

Ϯ. Ϛ ὑἯ֥ ᶙכ∟Ȳԛѿ үṞ ᴟ ўȲֽ

24ȴ 

 



 

19 

 

  
20 Ἧ֥ ҵ  21 в  

 

 

 

22 ᴞ ạ⅍ 



 

20 

 

  
23 ֥⅍ 24 П үṞЀ 

 

ҳȳἯ֥П∟Ḋ ậ  

ḕ᷅װ ȲꞋ Ԓᴩ ᵂѬᾇ▀ Ȳṳֽ֝Ӑ ᾼ

ᴩ ȳѬМ ӢцЄ Ӣ ◕Ȳ Ӣ П ѱ֝דצП

ц ⇔Ȳѿ ’ ᴩ Ё ⇔ П֝דצ ⇔Ȳֽ 25ẞ

27ȴ 

 
25  



 

21 

 

 

 

26 ѬМ ӢП  

 

 

27 ӢП ▀  

 

2.2.2 П ᵂ 

ϚȳḊ  

Ϛ П ứṼ еԚЏ ỗ ╟Џ 03210

ɦ ɧד ứȲҫ ֥ CNS560 Ёӣ Мᾼ

ứȴ 

 



 

22 

 

ϡȳҒЏц  

йҒЏȲ ∟ὑ Ӵ▐ϱ ᴩ ȳ Ȳ

’Ệứц ỆȲṳᾃ ѻ ╟Џ Ȳѻ ᴕ ∂ ∂

ᾬ Ё -5.5 ҒЏȲד ӱ ֽ 28ȳ

29ȴ 

 
28 ҒЏ 

 

29 Ӵ 



 

23 

 

2.2.3 ѱӢ  

ϚȳӢ ›  

цẔ҃ ԈὍϤ ẓֽ 30ȳ 31ȴ 

 
30 Ӵ  

 

31 ẓ ὰ 

ϡȳ ү 

ѿщṞ ᴟ ẓвȲⱢϠ Ёᶁл ὑ ẓвȲ

үѿ ứП (Ϛ Ɫ 3000Ἠ и)ц/װ7000 ᴩ Ȳ

ֽὨ ứ ю э♂ ⇔Ȳ  ὑῶ צ



 

24 

 

ӢȲϚ ѱЄЊ Ёᶀ⇔Ṽ ֯ 6-10и

ҿҢȲӱ ֽ 32ȴ 

 
32 ц  

 

Ϯȳ  

(Ϛ) Ёᶙכ∟ᵛ 2-4Њ ∕ Ệ∟ֽ 33Ȳ

ԛ ᴩϯϚḔ ȴ 



 

25 

 

 

33 ∕  

 

(ϡ) Ệ∟ ᴟ МȲֽ 34ȲẔᴞ ạ

Ṽ ᴞ о ᴩ ᾼḂ Ȳᴖ ⇔ о Ṽ еԚЏ

ỗ ╟Џ 03390  Ё ứ ᴩ› ȳὡ

ȳ ȳ ȳᵐ⁯ ֢ ◕П ⇔ ạȲױ ◕Ϛ Ɫפּ 1щ

ҿҢȴ 

 
34 ᴞ ạ  



 

26 

 

ҳȳѬМ Ӣ 

ᶙכ∟ ὑѬМ ᴩ ӢȲϚ Ɫ 3-4щȲֽ

34ȴ 

 

35 ѬМ Ӣ 

 

Хȳ Є Ӣ 

Ὅ ὑЄ М═ ᴩ Ȳѿṿ Ёᾼ ⇔ Ȳӱ

ֽ 36ȴ 

 

36 Є Ӣ 



 

27 

 

2.2.4 ῶ  

ῶ ᴩ ∟ ᴩ ṮѬ Ȳ Ѡהṿӣᴞ о

⇔ ᶶᵀ Єכ ᴁ╬ѹ᷾ Ȳ╝Є иЬ ӣϢЏᵂ

Ȳ ⁴Ϛ Єὑ 300µmȲӱ ֽ 37ȴ 

 

37 ∟  

 

2.2.5 ѱᾼ  

ѱ Ѡה ṓצ: 

(1).  

Ṽ ѝ [7]Ȳ ∟ ᴩ ∟ ᾿ ȳỂ֣ц ֥

⇔ ѐЉȲֽ 38ȴ 



 

28 

 

 

38  

(2). ᶼ  

ѻ Ӣ П ѱ╥ᵡҠ ѱ П ᶼ Ἤ

Пӭ Ȳ Ѡֽה 39ȴ 

 

39 ᶼ  

 



 

29 

 

(3). ϩ  

ѻ … ᵂӣὑ ל вПϾџ ϩЛЄὑ Ӣ

ѱ П Ȳ ѠהⱢ ḔҒ ᴟ ѱϱȲ ѱ

Ӣ ῴװ Ȳ֯ ᴟ ⱢѦȲẔ Ӣ П Ӈ

ЄὑϾџ П ϩȲֽ 40[6]ȴ 

 

40 ᶼ  

 

(4). Џᵂ ц ἮἸ  

֯ ѱ ȲЛб Ӣ ȲἬѿ Ẕ ц

Ể Ӈ Л ὑЏᵂ ϯ Ӣ Ȳֽ 41ẞ 42ȴ 



 

30 

 

 

41 Џᵂ Ѡ[7]ה 

 

 

42 ἮἸ [7] 

 



 

31 

 

2.4 ל Џ ẂЮ  

Џל 2.4.1  

үҖȳ ȳ ֢ ꞋЄ ṿӣ ┤ל ȲүҖ

Ẃֽ 43ȲⱢ ЄМế Ȳ╟ЏМֽ 44ȲҠכẞ ל ц

МП ѱȴ 

 

43 Є [8] 

 

44 Є ╟Џ [8] 



 

32 

 

ד ϷӔ֯ ᴩ╟ЏȲֽ 45ȲϚ᾿ẞ ד113 2ѣ

Б ҳ Ȳ ЏᵂϷ═ МȲ ứ ד115 Ϛ

◕ Ṟᴟ ѝ [9]ȴ 

 

45 [9] 

 

2.4.2 Џ ѱ Ẃ 

үҖ Ṇ - Є-Мế- Ὥ ( Ϛ Џ )CQ850A

◕ Џ ȲẔⱢүҖӀ╜Ἀ Џ ᶝ ϡ Џ ЁѤ ҳЏ

Ἤ Ȳ ѱֽ 46ȳ 47ȲⱢ⁴⇔ 250mmȳ ⇔ 1000mmȳ

ҵ 6100mmȲẓצ AȳBȳCȳKҳ ה₤ ֥ᴖכȲ ₤ ѱҙ

Ɫ 280еѐц 300еѐȴ 



 

33 

 

 

46 Ẃ ѱ 

 

 

47 A ₤ Ẃ 



 

34 

 

2.4.3 ᴞẃѬ Џל  

Џᾎ֪ל ы Ȳ ᴞẃѬеҨ כ Ȳ֪ױѻ

Ьṿӣ Џᾎᵌὢ╟Џ Ȳᵀ и ◕ ֯ ᾎᵌὢ ȲЬ

Ԋ ‹ЏᾎȲӭל Џל ꞋӦᴞẃѬеҨҖȳМȳ⁮Џ

ȲῺ Џ ֽῶ 3Ȳד ╟Џ ѱҠ ᴕ 48ᴟ 51ȴ 

 

ῶ 3 ᴞẃѬеҨῺ П Џל  

 Џ ֤    ѱҵ  в  Џ  

1 
ɦỳЍᴟҖ Ғ

Џ ɧ 
2240m 2800mm 

2000mm 

DIP- U3  
⁮ 

2 

Ϯ ӻ☼ ᴟϮ

ᴃ 1000m/m 

Џ ( (ל  

1,415m 3600mm 
1,000mm 

DIP 
М 

3 
☺Ғ ᴟὰ

(ϝ)  
880m 3200mm 

1800mm 

DIP- U3  
Җ 

4 

Є Ṇ ЍὭ

Ѐ Џ - (

Ϯ)  

1422m 2800mm 
1500mm 

DIP- U3 
Җ 

 



 

35 

 

 

48 ỳЍᴟҖ Ғ Џ ל  

 

 

49 ỳЍᴟҖ Ғ Џ ╟Џ ѱ 

 

 

 

 



 

36 

 

 

50 Ϯ ӻ☼ ᴟϮ ᴃ 1000m/m Џ ѱ 

 

 

51Є Ṇ ЍὭЀ Џ ╟Џ ѱ 
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2.4.4ᴞẃѬ Џ ѱ Ẃ 

ẂⱢ ҖӀ ☺Ғ ᴟὰ (ϝ) Џל Ȳ ֽ

52ἬӱȲӦЄ ҖỴ ᾈ ᴟ⁮Ỵ ӻ☼ Ȳ Ҡ

ᴕ 53ȴ 

 

52 Џ ᴯ  

 

53  



 

38 

 

ѱ ᶙכҵ 3200mmȲ ӣв DIP ПѠהȲDIP

ל Ȳֽ 54ȳ 55ȴ 

 

54 вל 1800mmDIP ӱ  

 

55 DIP ҵ ӱ  

  



 

39 

 

ӐЏ ל ᶙכв Ɫ 2800mmȲ פ ҙ

ӣ200еѐц120еѐȲֽ 56ἬӱȲA₤ ѱЄЊⱢ1,886mm(ҵ

Ἅ )ȳ1,000mm( )ȳ200mm(⁴)ȲṼ ḖȲ פ М

Л Њὑ 9е Ȳ Л ᵅὑ 13.5е Ȳ ֥

ȲЛ Њὑ 13.5е ȷK₤ ϩ Л Њὑ 50е Ȳ

Л Њὑ 75е ȴ 

 

56 ѱ ֥ӱ  

 

57 ₤ ѱПӱ פ) ҙ 120m Ẃ) 

 

 

 



 

40 

 

 

 

58 A ₤ ѱЄЊ 

  



 

41 

 

Ϯ  Ёד ᾎ цᵂ  

3.1 ЁḊ ἤ  

3.1.1 Ё Ю 

ЁⱢԓѷꜜ ӣ ֵП∂ Ḋ ȲẔẓֻצᾼᶼ ȳὔ

ȳֹוѭц―ừֻậ ἤȲᵀ⁯Ɫ ἤḊ ȲẔᶼἮ ϩ

ⱢẔᶼ ᾼϫиПϚȲἬѿⱢ ᵍẔ ᾬ цṿӣἤȲѿἏ

Ꞌ ҒϤẔ҃Ḋ ҒẔᶼἮ ϩȲֽ ȴᴖῺϡȳϮϫד

ẃȲ Ϡ ṓᾼ ҵȲ צ Ғ ᾼѠהȲṳ Ӧׁשṅ

Ғ Ӑ ϱḂ Ѭᾇἤ Ȳ Ɫנ  ῴד 1960

Romualdi  Mandel כғṿӣ Є Ḃ Ёϩ ἤ ȲИ

Ё Ởὑѷꜜϱ ȴ 

Ἤ ᾼ Ё(Steel Fiber Reinforced ConcreteȲѿϯ

SFRC)Ȳ֯ Ёв Ғ ѿ ẁᶼἮ ϩȴ ṷ ╥Л

ᾼ Ȳṳѹ иӁ Ё Ȳᵛ╥֯ Ё

М Ϥю ᵅ ἨЛ ᾼ ∟ᶮכᾼϚ ѩ ᶁлȲѹֵ֣

ᾼ ἤ ЁȲ ЁѿẔ ṏᾼᶼἮȳᶼ ȳᶼ

ȳ  ȳֹו ȳֹו ȳ ἤ(Ἃ ἤ) ἤ ȲNaaman֯

ד1972 ᵛ ᴩ Ғӑ ῶ ᾼ Ȳ ҏѬᾇ ֥



 

42 

 

Л֝ᵶ ϯᾼ … ֽ 59Ȳ ῶӱᵛṿҬ Ғ 3%ᾼ

ȲЬ Є Ḃ ҟѬᾇ Ḋ ᾼ ἤ ₤ Ȳ ὑᶼἮ

ϩצ−Єᾼ с[10]ȴ 

 

59 Naaman ὑ SFRCПἮϩц ᶮ П  

SFRCаԈᾼ ╥֪ Ḋ Ἤ ẁᾼ∟

⇔Ȳ ὑ SFRCᾼἮᴼᴩⱢȲҠѿ ᴩ פ ѿ ứ - ⇔

…Ȳ Ӧױ … ч иέҠѿ ҏ ϩ ⇔ …Ȳ

Ѐ ᴩ ȴ 

ӐׁשṅϚ ὑ SFRC ѱ Ȳ֯ МȲḊ

ᾼἤ ᾼứ ╥ ֪ ȴЛ֝ᾼ ЁẓצЛ֝ᾼἤ

Ȳ֪ױѿЛ֝ᾼכӐ ẁȴױҵȲӇ Ἤ ᾼ ӣ о

Ḋ ᾼ ȲϷӇ ᴕ Л֝ᾼ֪ ẃ ᴷ ṿӣ SFRC



 

43 

 

҅ оᾼҠ═ ἤȴ 

3.1.2 SFRC ṓᶮᾭц  

ѿϯⱢ ṓ ₤:┬ ҵ₤и Ȳֽ 60: 

a. ₤(single hooked-end) 

b. ₤(double hooked-end) 

c.Ϯ ₤(triple hooked-end) 

d. ᾭ₤(rolled) 

e. ₤(plane hooked-end) 

f.ᾌ ₤(crimped) 

 

60 ᶮᾭи ӱ [11] 

 

 ⇔ Юὑ 5mmẞ 60mm вȲ ᴖṕȲ

 ⇔   ȲẔἤ Ṿȴ   ѩ Ȳ ṿ ẓצ

ἮἸ ϩȲᵀ   ѩϷ ṿ Ӣכ (balling effect)Ȳ



 

44 

 

ᶼ ⇔ϯ ȲϚ ᴖṕȲ ЁἬ ҒП   ѩּפⱢ 20

ᴟ 100П ȴ’═ ἮἸ ϩᾼ֝ ᵅ  ѩҠѿ ậ

Ẓ ᵧ ὍЄἨ ᾭѿцṿ ᵧפ ᾌ ᾭẃṿ

ῶ ȴ 

Ҡѿ ᵅ Ёᾼ ἤȲ ᵑ╥֯ ⇔Ἠ ⇔

ЁМȲ Ғẞ ЁМ Ȳ Ёᾼ ἤ ϯצ

Ȳ֪ іϤᾼ ЊῈ ȴᴖ ὑ ч ҒἋ ἤȲֽ

61ȴ 

 

61Л֝ ᾼ ϩ- [12] 

 

3.1.3 SFRCᾼἮᴼᴩⱢ 

Ϛ ЁҒϤ ֢ Ḋ ╥ⱢϠ ẔἋ ἤếἮᴼἤ

Ȳᴖ Ғ Ḋ ᾼἮᴼч ҠиⱢϮ ◕ 
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1. ἤ ◕ 

ἤ ◕ Ɫ ᶮכ›ᾼч ȴ ֥Ḋ ᾼ ἤ ế

Ἦᴼ ⇔Ҡ ȳ(2-2)(2-1)ה ῀: 

╔╬ ⱢⱢ■╔█╥█  (2-1)ה □╥□╔

█╬ █□ ╥█ ⱢⱢ■
╥█╔█

╔□
 (2-2)ה 

–ȳ–: ậ֣ế ⇔צ …   

ὉếὉиᵑⱢ ế Ё ἤ   

ὠếὠиᵑⱢ ế Ёᾼ   

ὪⱢ ЁᾼἮᴼ ⇔  

2. ◕ 

◕ Ɫ ЁᾼἮᴼ ⇔цᶮכ Ϛ Њ

Ȳ֯ ЁἭắᾼ ẞ Ḋ ϱȲ ӻד

ᾼ ạὂᶼ ҵᾼ Ѐȴ 

3. ἮἸᶛ ◕ 

ױ ◕╥ ֥Ḋ Ἦᴼч ᾼ ∟ ◕Ȳ

ᶮהȲҠ ẞᾼч Ἃἤếצ ἤȲ›῏ⱢἮἸ ạȲ∟῏Ɫ

ạȴ 

ὑἮᴼᴩⱢ֢צ Л֝ᾼ ȲḊ ἤ ᾼ Ҡ

EN14651 аԈ ᴩϮ פ Ȳֽ 62ȴ 

F-CMODᾼ …Ȳ ᶮϚ ѿ Ѐᴯ (CMOD)
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Æȟῶӱ Ἦᴼפ ⇔Ȳᴖ SFRCᾼ ᴩⱢứ Ϡ Ἦᴼᾼ

ϩ ứ√Ȳֽ(2)הἬӱ: 

Ἦἠȟἲ
╕▒■

╫▐▼▬
 (2)ה  

Ἦἠȟἲȡ ὑἍἙἛἎἲȟἲ ȟȟȟ ȴ Ἦᴼפ ⇔ (MPa) 

ἐἲȡ ὑ╒╜╞╓ ἍἙἛἎἲᾼ  (N) 

■ȡ⇔ (mm) 

b: ₇ ⇔ (mm) 

▐▼▬ȡйЀ׆ ế ₇ П ᾼ (125mm) (mm) 

צ F1ȳF2 ֯ϩ- פ ϱᾼứ ȲӼ ᴕ 63ȴ 

 

62 ӱ (EN14651) 

 

 

63 - פ Пӱ  
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Ϛ ЁắἮѹẞ ᶼἮ ⇔∟ȲẔ ᶮ טּ ϱ

с᾿ẞ ᶙԓ ᵂӣᴟ Ȳ֪ױϚ Ё ᶮכϚ

⇔ Пѻ ֽ 64ҿ ȴᴖ Ёẞ ᶼἮ ⇔

∟ȲẔ ᶮ ṳЛ Ғᴖ╥ ѹ═ ҒȲ ױכ ╥

Ӧὑ Лױ֪♄ ᾼ ЁМ ἮҏȲѹ ӂᶁи

Ӂὑ Ё МȲ ṿ ᶮ Ғṳ Єכ ᶁлиӁ

П Ȳֽ 64Ң Ȳ֪ױ ѩϚ Ё ҏ זּ

◕ П Ȳ Ѭᾼ Ϸ П ᵅȲ Ё ѱ―

Ҡ’═ ПѬ ἤȴ 

 

64 Ё Ё ѠהПЛ֝[13] 

 

3.1.4 SFRC ѱПἤ  

֯ṿӣ ל ᾼ МȲ ẞЄ ᾼ֮ϯ

ѬȲ֮ϯѬἬᵶצ Ӣо ᵂӣȲᴖ

Ё ѱ ṓᾼ֕оᶮהᵛⱢ Ѭ ȴᴖ SFRC⁄ẓ

צ ᶼ ἤȲӦὑ ֯ Ё М╥и ᾭ Ȳ П

Л֯׀ ȲѹӦὑ ⇔ ЊȲ ῶ ᵧ ҏ Њᾼ ῶ
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Ȳ ạ ☼ᾼ Ӣ ᴖ ᵍ Ӣ ᾬȴ ПҵȲױ

Њᾼ ⇔ ѿ Њᾼ Ϥ Ё МȲ ế

Ё ᾼ ֥Ȳ֪ױЛ Ɫ ϯῈ Ἠ╥э♂ṿẔ ȴ 

Ϛ ᴖṕȲ Ё ѱṿӣ ỄⱢ Ȳד100 ᴖ Ђ

Ӂדּ ȳּר ᴫ ὧҖᴞẃѬ Ẃ ֯ӑ ẞ

Ẕṿӣ ỄП› ҏ Ϡ נ оᾼ ᾓȲẔѻ ֪Ɫ֮ϯ

ѬἬᵶП Іі ȴ Ё ѱѿц Ё

ѱ ὑ І ϯ Ȳ ῴӦὑѬᾼᵮ ѿц ҉ᴟэ

МȲ Ё Ғȴ Ϛ◕ ∟ȲӦὑ Іᾼ ҏế

ἤ ᾼᶮכȲ Ё Ȳѹ І ⇔ế

ᾼ ҒȲ ᾼ ҷ ҒȲ֪ױ ẞ Ё ѱᾼ

ἤ Є ϯ ȴЛ ֯ І ϯȲ Ё ѱᾼἤ ч

ᴖḥצ ᵅȲ֯█ṷ ᾓϯȲӦὑ ạϠ ᾼ

Ȳ ᾼἋ ȲẔ פ Ἤצ⇔ ȲϷẓ ᴞᶺ ֥

П ϩȴ 

ế ЁדѩȲ Ё֯Ἥắ Є ϩ ȲӦ

ὑ ế Ёӂᶁѹ ֥Ȳ֪ױ ᵧ ᶁлиӁȲẓ

ḆṾᾼצ ạ ἤȴᵛ―֯ ṷ Мᾼ ᶙԓ
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ȲẔ ╥ế Ё Ȳ’═ ᾼ ứἤѹ Ғ

ЁП ἤȲ╝Л Ёи ȴ 

Ӧὑ  Ḋ ᾼ ἤȲ ẞѭἨ Ȳ ế

Ҡ Ёᶶ Ȳ ױ ЛҠ ᵍȲᵀ

Ёế Ёדѩ ד⇔ ЊȲѹҠѿế ЁП

Ѡכ֯֝דהԌ М Ғ Ѷ ᵅ ȴ 

 

3.2 вד ᾎ  

в∂ Ѡ Ȳ∂ ᾬ Ё [14]вБדצ П

Ȳ 26.4.2.1 МȲ Ё ứӣὑὂᶼ ϩצ ᵑᾼ

ḖȲҔ╗ 26.4.1.6.1(a) ứП Ḗȳ 26.4.2.2(i) ứ

П ᵅӣ Ḗȳ 26.12.7.1(a) ứПбן ⁄ѹ ứ

₤ȳ  ⇔ȳ  ѩếӣ (ACI 544.3R)ȲɦCNS 12892 

Ёӣ ɧвӼצ ₤ȳ  ⇔Ȳᴖ Ϸ

цẔṿӣ ẁ ϩ ⇔П ứȲṳЛ ӣὑ‍ ἤ

ӣȴ 

ҫӭ› в ṳ SFRC ѱ ד Ȳ צ

Ё(ᴩ╜ еԚЏ ỗ ╟Џ 03375 )ѿц שׂ ѱ

(ᴩ╜ еԚЏ ỗ ╟Џ 02427 )П ȴ 
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Ṽ Ё╟Џ Ḗ ֥ CNS 12892 

A2247П ứȲẔ₤הцѐ⇔ ὑ Ё╟Џц ẞҒ

Ё ⇔ Ḗ῏ȲϚ ᴖṕ ПᶼἮ ⇔ Єὑ 4,200kgf/cm2ȴ

ѩ ц ֥ Ѭᾇ ѩЛ 5:1ѹḕӴ

Ѡеѐ ЁП Ϥ Л юὑ 60kgȴᴖṼ שׂ ѱ

ứȲ Ё שׂ ѱП Ё ⇔Ɫ 350kgf/cm2ѿ

ϱȲѹ ֥ 03050 ɦ Ё ӐḊ ц╟ЏϚ Ḗɧц

03310 ɦ ӣ ЁɧП ứȲASTM A820-04ȴ 

 

3.3 ҵד ᾎ  

ר3.3.1ּ Ё (American Concrete Institute) 

רּ Ё (American Concrete Institute)ӭ›

Ё ѱ ц╟ЏạứẔ Report on Design and Construction of 

Fiber-Reinforced Precast Concrete Tunnel Segments(ACI-544.7R-

16)[15]ȴ 

ױ ứ Ё ѱ ӣ ᾭ ᾎ

(LRFD)ẃ ᴩ ȴ ᾭ ᾎ ᴩ ȲӇ ᴕ Л֝

ϯᾼ Ԉ ֥Ȳѿ ѱ ⱢẂȲ ᴕ ȳ

ȳ֞׀ ȳׄ Ͼџ ϩȳ￼ ȳϡװ￼ ȳ 
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ЁѬ ȳ ֣ ϩ( )ȳ᷁פ ԈϯᾼЛ֝

֥ (Load Case)Ȳֽῶ 4ȸUⱢ Ḗ ⇔ȳwⱢᴞ ȳFⱢᴯ

ὑϱѠᾼ ◕ᾼᴞ ȳJ╥ TBM сϩȳGⱢ ϩȳ7!Ɫ֮

ϯѬ ϩȳEV╥₣᾿ᾼ֮ ϩȳEHⱢѬӂ֮ ϩȳESⱢ Ғ

ȳ- Ɫ ҵᾼҷ … ȴⱢᴕ ᾼҠ ἤѿц

Ḋ ἤѿ ẞҠ╟Џἤȳׄԓἤц ӣἤᾼӭ ȴ ᴖ ѱ

ὑ ἨἮᴼᾭפ Ȳ ṿӣ Є ᾭ (ULS)ϯᾼ‍ ἤ  פ

ϩȴ 

ῶ 4 Ἤ ⇔ц ạ ᾼ֪І ῶ[15] 

Load case Required strength(U) 

Case 1: stripping 5 ρȢτ×  

Case 2: storage 5 ρȢτ× &  

Case 3: transportation 5 ρȢτ× &  

Case 4: handling 5 ρȢτ×  

Case 5: thrust jack forces 5 ρȢς*  

Case 6: tail skin grouting  5 ρȢςυ× '  

Case 7: secondary grouting 5 ρȢςυ× '  

Case 8: earth pressure and 

groundwater load 

5 ρȢςυ× 7! Ȣρσ 

υ%( %6 ρȢυ%3  

Case 9: longitudinal joint bursting 5 ρȢςυ× 7! ρȢσυ%(

%6 ρȢυ%3  

Case 10: additional distortion 5 ρȢτ-   
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3.3.2 ֮ϯῈ Ầ (ITA)  

֮ϯῈ Ầ (International Tunnelling and 

Underground Space Association)ạứ Ё ѱ╓⁮

(ITAtech Guidance for Precast Fibre Reinforced Concrete Segments)ẃ

Ё ѱᾼ ế ạứ☼ ȴ 

╓⁮ Ḗ Ё ѱ ẞẒ ԈϯИҠӣ ᶙԓ

҅ ȲẔϚⱢӔ ṿӣ ᾭ (SLS) ( Ѐᴯ

CMOD=0.5mm)ᾼᶼ ⇔Ӈ ЄὑѩẂ )ϩ פ Ϛװ

)ᾼ 0.4 ȷẔϡⱢ Є ᾭ (ULS) ( Ѐᴯ

CMOD=2.5mm)ᾼᶼ ⇔ Єὑӣὑ SLS ᾼ Ѭӂᾼ פ

 ϩᾼ 0.5 ȴ֯ Ӈ ᴕ ѱᾼ цפ ϩȳ

֣ ȳ֢◕ ѱἭắ ϩП ϩȳ ц Пᾭᾓȴ 

 

3.3.3 ☺ EN 14651 

ᶼ ⇔ Ṽ ☺ EN14651(Test method for metallic 

fibered concrete - Measuring the flexural tensile strength)Ɫ Э ֵ

Ё ѱ Ṽ Ȳ ╥ SFRC Ѐ ⇔Ἠ

ᴯ (Crack Mouth Opening Displacement ; CMOD) פ… Ҡ

ứᴯ ᾼ ᶼ ⇔ȲẂֽ ᴫ Ӂ ϯѬ
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(Hobsons Bay Sewer Tunnel)ѿц Ғị Мї (C933) ╥Ṽ

EN 14651W Ɫ ȴ 

 

3.3.4 Ё ֥ỗ  Fib Model Code 2010 

Ṽ  Fib Model Code 2010 ứȲ SFRC ᾼᶼ ⇔

ᾬ ϩ ἤ Ȳẃ ᴷ SFRC Ἥ ϩɎᶼ

⇔Ȳ ứᴯ ᾼ Ἦᴼ ϩ ɏȴ 

 

ר3.3.5ּ Ё ACI  544 .3R&ACI 544 .1R 

רּ Ё ACI Бצ Ё(SFRC) ҏ ц

ᵫȲ544.3Rв Ҕᵶ ЁḊ ȳ ѩ ȳ ֥ȳ

ȳἯ֥ȳ ȳ ȳ ц Ȳצ Ɫ П

ứȲү Ӽדצ П [16]ȷ544.1R⁄צ ἤЮ Ȳ

ֽᾬ ἤȳ ₤ȳ ᴕ ц ӣЮ ȲӐѝ Ẓױ

Ԍ › 2 Ю  ὑ  EМȴ 
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ҳ  Ёד Џ ẂЮ  

4.1Ϛ Ё ӣ Ẃ 

4.1.1 Ё ӣ 

в ῺᾼЏ ᶾ Ḃ Ȳ Ёᶾ Ӽ╥Ẕ ᶾ

Ȳ ЁῺ ẃБד Ѿԓ ậ҅ ᾼ Ёќ

ᾼѠהȴ 

ү ѷ Џ еҨ Ὑᶛ Ϣ[17]Ȳѿ ῧḂ-Ṗ Ɫ

ẂȲ ү ὧ ֮ ү 9 ῧе Ȳ֪ắ֮ᶮȳ֮ Ȳ

ḕ ​ ᶀѠМכ Ȳ╝ӻ е ᶝ ɦү 9

ῧе Ѝ ◕Ḃ (ѿϯ ῧḂ)ɧȲẔѿẔМ ῧḂṖ

(B3 )ⱢẂȲ ЁḊ ц╟Џ ȳ

Ḋ ӭ ȳḊ ѩȳ Ἧ Ἧ цЏ֮ ȳ

Ἧ +Ӱц Ϥ ӭȳЏ֮ ѿцן

ЁМצ Ḋ ứ ֝ Ȳ ὑ Ё╟ᵂц ѩצ

ПׁשṅȲҠẁЏ ꜜ ᴕȴ 

ὧ Ϣ[18]Ȳѿү ῧе Ḃ ếүМ Ɫ

ẂȲ ᴩ Ёᶾ ṅȲשׁ Ԛצ 10 Ȳԓ 

31.5 еṭȲ Ёṿӣ 40 ӴѠеѐȲẔѝϷ
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Ёᾼѻ ֪ІȲѬᾇⱢ Ёѻ ᾼ כ

иȲҒẔ҃῁ᴊȳ ḊȳѬȳ Ḋ Ȳᴖ Ё ҫצ

Ṇ ц ֝Ḕ Ḋ ἤֽ 65Ȳ ϠẒ῏ ᾼ ֥ц

ѩ ẂȲ ὑЏ דצꜜ ᾼ ȴ 

 

65 Ё ἤ 

 

4.1.2 Ё∂ ӣ 

в Ё ∂ Бὑ∂ ᾬ Ё

МצἬ ứȲᵀѻ ᾃ ὑ ᶼ ϩᾼ иȲ вᾼ ӣ юȲ

ҵ⁄רּצ Cary Kopczynski & Company∂ еҨБЄ ӣὑ Ẃ

МȲẔ П SEATTLE HOUSE(ᴫ П )ⱢӦẒ 45 כ

П∂ Ȳᴟ ד(2024)113 3ѣ 16ѡⱢѦБ∂ ᴟ 13 [19]Ȳֽ

66Ȳ ֣Ṇ Ӧ ӣ ⇔ Ё ɎSFRCɏᾼ ϩ

ȲẔ֯כ ϩ Мṿӣ Ё (SFRC) Ҡ о╟ЏȲ

ѹЛ ᶼ ἤ Ȳ ᾼ Ẃֽ 67ҿ Ȳ о∟ֽ 67Ң

Ȳ ‍ П Ṕ оⱢ ֣ ȲṳṿẔ

Ё ЁṆ
Ѭᾇ

Ḋ Ὲ

Ғ + =
῁ᴊ najῈ Ю

Ѭ

Ё
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Є ю[ 21]ȴ 

 

66 ∂ МПᴫ П  

 

67 SFRC  

 

 

4.2 Ё ѱЏ Ẃ 

в ֪Ữӑצצ Ё ӣ ẂȲ ѿ ҵ ẁ

ᴕⱢѻȴ 
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4.2.1 Lee Tunnel 

Lee Tunnel╥Ϛ ᴯὑ ᾼ ☼ϯѬ Ȳӣὑ ế׀

​Ѭ ֥ᾼᴁѬȲԓ  6.9kmȲ ⇔ 75mѿϱȲ╥

ᾼ ל Ȳֽ 68ȴ ᴕ ẞ Ё ѱȲѬ

ṿ ѱ Ӣ Ȳѹ Ѭᾃ ȲѬ ѱ Ӣ Ἦϩ

ṿ ѱ Ȳ ᴁѬ Ȳṿ ᾼֹוϵἤЄ

ᵅȴ֪ SFRCᾼᶼἮ ϩȳ ᶼ ἤȲ ױ Ẃ ӣ

Ё ѱȲЛҬҠ ᵍ ѱ ҒẔֹוϵἤҵȲϷ юϠ 17,000

ᾼ Ȳ ᵅ╟Џ ⇔ếЏ ῧ ȲױҵϷ ю 6 ᾼЏ ȲLee 

Tunnel֯ ד2012 Ở ᴩ ל Ȳὑ ᶙЏד2016 ӣȴ 

 

68 Lee Tunnel ӱ [21] 

 

4.2.2 ђ ֮ 16  

ђ ֮ 16 ӭ›Ӕ֯ ∂МȲԓ  27.5kmȲ ֽ
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69Ἤӱȴ ὑ ד2025 ȲⱢϠ ᵅẔ ц сֹו

ϵἤȲ ל ӣ Ё ѱȲד ὑ Ё ѱȲ

Ё ѱẓצ ṾᾼἋ ἤȳҠ ю Ё ᾼ ȳϮ

Ѡ֣ᾼ Ὠȳ ᵍ ȳכӐ ᵅȳ ⇔ Њ

ȲӦ ᾼ ὨȲ ѱ ⇔֯ 1mmвȲ Є и֯

0.2mmвȲḕϫеṭּפҠ ю 11,000 ᾼ CO2 Ὅ Ȳӭ›ђ

╜ἈБ֝ Ё ѱ ЄṿӣᴟẔһ֮ ȴ 

 

69ђ ֮ ӱ [21] 

 

4.2.2 ѡӐ МҶ  

ѡӐ МҶ М ל֥ Ɏҵ ɏȲẔⱢ֯Ӏ

в ҵ∂ Ϛ ᾼ ѿи Ṟ Ȳ ϾנἋᴼᴟ

ϱ ֥ȲᾘЍњЄ Ɏ 6 ɏϯ ᴩ┤ Ȳ ԓ 

2018mȲ ┤ҵ 12.02mȲ╥ ╟Џ ԓѷꜜ Єᾼ ӣᾇѬ
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ϩל ᾎᾼ Ȳֽ 70Ȳṳ Ԓ֯ ᶶ ҏṳ ӣϠֹוѭ

☼ ЁɎSFRCɏ ѱȲֽ 

71ц 72ἬӱȲᴖ 72Мҿ Ɫ ᾼ Ȳṿӣ

SFRC∟ ҠѿЄ юֽҢ ἬӱȲѻ ӼҠ юȲꜙᴟ֝ד

ᾼ פ ∟Ȳ Ё ѱҬצ ᵀ╥ḥצԉᴶ Ё

Ȳ֪Ẕ цṔ Ьצ Ҡ ẁỆứПϩ Ȳ ӱ‍ ṏ

Пἤ ȴ 

 

70 ᶙכ [22] 
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71 SFRC Ё ѱ[22] 

 

72 ṿӣ ю Ὑ [22] 

 



 

61 

 

4.2.3 Ẕ҃ ҵ Ẃ 

ᴕѝ [26]ȲẔԝҏ ҵד ֵП ẂȲіӣ П∟ד2012

иֽῶ 5ȲҠ צ ṿӣ ȲϷצ иṿӣ ᵂⱢҒ ȴ 

ῶ 5 SFRC ѱ Ẃ 

Tunnel name Year Country Function 
Di,ft(

m) 

h,in. 

(m) 

Di/

h 

Steel Fiber 

Countent, 

lb/yd3(kg/m3) 

ReinForcing 

bars used 

Brenner Base 

Tunnel 

2032 

∂ М 
Austria Railway 

18.4 

(5.6) 

8 

(0.2) 
28.0 

NA 

(Ữӑצ ) 
Yes 

Lee Tunnel 

Sewer 
2016 England Wastewater 

23.6 

(7.2) 

14 

(0.35) 
20.6 

50.6-76 

(30-45) 
No 

Blue Plains 

Tunnel 
2015 U.S. Wastewater 

23 

(7.0) 

14 

(0.35) 
19.7 

60 

(36) 
Yes 

San Francisco 

Central 

Subway 

2014 U.S Subway 
17.8 

(5.4) 

11 

(0.28) 
19.4 

45 

(27) 
No 

Grosvenor 

Coal Mine 
2014 Australia Mining 

23 

(7.0) 

14 

(0.35) 
19.7 60(36) No 

STEP Abu 

Dhabi Lot T-

02 

2014 UAE Wastewater 
20.7 

(6.3) 

11 

(0.28) 
22.5 67(40) Yes 

Wehrhahn 2014 Germany Subway 
27.2 

(8.3) 

12 

(0.3) 
27.7 67(40) No 

El Alto 2013 Panama 
Water 

Supply 

19 

(5.8) 

14 

(0.35) 
16.6 67(40) No 

Pando 2012 Panama 
Water 

Supply 

9.8 

(3.0) 

10 

(0.25) 
12.0 67(40) No 

Monte Lirio 2012 Panama 
Water 

Supply 

10.5 

(3.2) 

10 

(0.25) 
12.8 67(40) No 
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Х ЏᾎПל  Ё ѱ  

5.1 SFRC ѱП (FIB Model Code)Ѡᾎ 

FIB MC 2010ȲSFRCҠᵂⱢ ᾼ Ϛ Ȳ› ╥

Ṝ ⇔цἋ ἤ ḖȴϚ ֵ FIB MC2010 ᴩ SFRC

ὑӔ ṿӣὢ ᾭ (Serviceability Limit State ,SLS)ếἭ ϩ

ᾭ (Ultimate Limit State ,ULS)ᾼ Ԉϯᾼ ȴ 

 

Ϛȳ  √כ

SFRCᾼ ᴩⱢứ Ϡ Ἦᴼᾼ ϩ ứ√Ȳֽ 73Ẕ

иέҠѿ פ ᾼ ϩ ȴה… פ ὨҠ ҏẒ

о ϩ :√כ ἤ ἤȳ ἤ ᴩⱢ( оἨ о)Ȳֽ

74ȲẔМÆ ῶӱ ӣἤ ⇔ȲᵂⱢ ӣἤ Ѐᾼ∟ ⇔

ếÆ ῶӱ ⇔ȴ 

 

73 פ ч֣иέ 
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74 ϩ Ѐ( ế ῶӱ оế о∟ᾼ ᴩⱢ) 

 

ϡȳи  

ⱢϠ SFRCᾼ∟ ⇔ ᴩи Ȳ ứẓ פ

⇔ ἤ ἤᴩⱢȲ ӣ ӣἤὪ ⇔ ế ἤὪ

Ẓ Ȳѿ ֿцֿӕứ Ẕ ⇔ ц ⇔ѩ(Ὢ ȾὪ

ѩ)ȴ Ѡה ╓ứ ⇔цὪ ȾὪ ѩѿц Ḋ ȴ 
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5.2 ѱ RC Ё ѱП ѩ  

5.2.1Ḋ ἤ  

Ғ Ҡѿᵌὢ ⇔ Ё(HSC)ᾼᵅἮᴼ ⇔ế

ϩᾼ ἤȲ Ẕϩ ἤ ȲҔᵶ ếи Ἦᴼ ⇔ȳ

ц ἤ╓ ȴᴖ Ё ѱ иέ

ᴕṼ Ɫ ҵ ⱢѻȲ ṷ ҏϠ SFRCᾼ ϩ ⇔Ἠ

ϩ- ᵂⱢ√כ ἤ∟ ᴩⱢἨ ἤᶙּר ἤᴩⱢȴ 

 

5.2.2 ѱ ἤ ѩ  

Ϛ Ё ѱ ᶁѿӘϵἤ ᾬ Ȳ ѱᾼ Ṽ

ṿӣἤ ḟứẔ ᶮהȲ֪ױȲӐׁשṅ ѿᴞẃѬ ל ѱ

Ɫ ȴ 

1. ’  

Ϛ ЁⱢϠ’ ᵍắẞ Ȳ ậϚứ⁴⇔

П Ё’ Ȳ ᴖױ’ █ ⇔ϱṳӑ ҒỆȴ

ϩ М֯ Ё Ȳ ὔṿ Ё’ Ӣ

Ё ȴ 

ל ֯ Ͼџ ӢП ϩ ᵂӣ֯ ѱד

Ӣ Ἠ Ȳֽ 75ȲἨ╥֯ ѱ Ἤ
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ӢП ȲSFRC֪Ɫ ᶁлиӁ֯ Ё МȲẔ Ё

ᶼϩ ҒȲ֪ױ ЁҠѿЄ ю ѱ Ҡ

ἤȴ 

 

75 Ё ѱ [24] 

 

2. ϩ- … 

ᾼ ЁᶼἮ ⇔ ϩ ױ֪ ὔ Ȳᴖ

Ё ѱ Ӧи◕Ғ Ѡהẃ ḟױ

Ȳᵀױ ᾎ ֪Ẕ ᾼ ѿцЄ ᾼ ᴖ ẓצ

ȳ ᵺ Ȳ╟Џἤ Ȳṿӣ Ё ѱ Ҡѿ

ю о Ȳ֪ױҠѿ ю Ὲ׀ ѿцṿӣḊ

ю ϩṿӣȲҫ ϯӔ ế ⇔ Ёế Ёѻ

ֽ 76ȲҒϠ П ЁצἋ  П ϩȲṮѦ

[23]ȴ 

Ё(SFRC) ẓצ с ЁᾼᶼἮ ϩȳ ᶼ



 

66 

 

ἤ Ȳᵀ SFRCᾼ Ɫᶼ פ ϩ Ϛ Ё ȴ

ל Ἤ┤ ҏᾼ Єֵᵧ ᶮȲẔ ᵅȲ֪ױ

ЁҠ Ɫ ֥ ᵂ ל שׂ ѱПḊ ȴ 

 

76 ϯӔ ế ⇔ Ёế Ёѻ  

 

5.3 ЁПῴḔ  

Ӑ ѿѬᵓ М Ѭ иᶝӭ› ∂МᾼЄׄЄӧ

￼ṅשׁ Ȳ╝ᵓӣ ѱἬ ἭắП ẃ ᴩ

ѱМ ӣ ПῴḔᴷ ȴ ᴕ 1 П ὨȲכ

╥֝ ѿצ и FLAC ӣ ᾎ ᴩиέȲԛ ҵᴕ

Ṽү Ӑ֮ Ḗ(ֽ 0.33% ạ ᴯц֮ ϩ) Ἤ֯ (ֽ

Ṯ☻ ) ֥ἬиέП Є ȳ ϩц ϩ Ȳ ẞ Є

֯ 14.3~37.2 kN-mП ȳ Є ϩ֯ 1,231~1,841 kNП ᾼ

Ȳ ӣ ӣ ᾎ ᴩ Ȳ ẞד Єᾼ Є

ϩȲиᵑⱢ 388.60 kN-m 1,887.32 kNȲֽῶ 6ȴ 
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ῶ 6ЄׄЄӧ 1 ѱ ἭắП  

иέ ϩ ֥ ה max(kN) 
max 

(kN-m) 
ϩ max(kN) 

 

5.-   1723.40 37.24 24.44 

6.-  1841.00 40.21 27.18 

7.&8.Ṯ☻’  1228.00 26.24 24.32 

9.-0.33%  1504.73 14.29 - 

10.-֮  1231.00 26.59 24.43 

ӣ ᾎ 5.-   1887.32 388.60 361.07 

 

Ӧὑ Ϸ ᴕ ╟Џ֞ ȳ ￼ Ԉ

ϯȲ ѱἬ ἭắП Ȳϯῶ 7Ɫᴕ ╟Џ ∟Пῶ Ȳ

ῶМӼҠὙ ҏӦכ ӣ ᾎἬ ẞᾼ  ȲЬ╥ḟứ

ᾼѻ ֪ ȴ 

ῶ 7ᴕ ╟Џ֞ ȳ ￼ Ԉϯ  

иέ ϩ ֥ ה max(kN) 
max 

(kN-m) 
ϩ max(kN) 

ӣ ᾎ 5.-   1887.32 388.60 361.07 

1.&3.-֞ (hanging) - 7.75 - 

2.- (stacking) - 35.71 87.70 

4.-￼  89 106 - 

 

Ӧὑ в Ё Ḗ▀Ἤṿӣᾼ Њ ѩ ֯

0.01(Ϸ ╥ 1%)ѿϱȲ╝ậ ѩ 1.01%ẃᴷ ҠἭắП

Є ( ɷMɷ ϩɷNɷ)Ȳṳ ҏҠἭắ
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Ҕ Ȳṳ ›ῶἬԝП ѩ Ȳ ֥

П ḖȲד M-N ֽ 77ȴ 

Ё ѱ ᵂⱢ ṿӣȲѹЛṿӣ ȲᵛҠ

Л ׂ Њ ѩⱢ 1%Пד ứȷϭ֪ᴞẃѬЏ ҵ ᾼ

Ё ѱ֯ᶙכП∟Ȳв ҫᴩ╟ᵂ Ӕ Ѭӣᾼ DIP Ȳ

ѱ ѿᵅ ⇔ Ё҉ Ȳ DIP ᶙכП∟Ȳױ Ἤ

צ Ғ ֯ DIP ϱȲ Ё ѱ Ɫ Ȳṳ

ҷҟẔғ Ȳ › ὙȲ֯Лᴕ   ạ ᴯȲϷЛ

ׂ Њ ѩᴟюⱢ 1% ԈϯȲ иέ Є Ȳṳ

ѩ צ 0.5%Ȳ Ҕ M-N Ȳֽ

78Ȳד П Ь֯ Ἤ ẁᾼ Ҕ вȴ

 

77 1.01% 

 

1500x300mm 
1.01% reinf. 
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78 о Ɫ 0.5%  

ҫ֪ⱢЄׄЄӧ 1 ӣᾼⱢ в юṿӣᾼԓ ᶮ ѱȲ

Ӑׁשṅϭ ᴕϠ 2 ( ₤ ѱ)ᾼ [25]Ȳ ᴩׁשṅ ц

ȴế 1 П דὨכ Ȳ֝ еה Ȳ Є ϩЄ

Њד Ȳᵀ Є ⁯ ᵅȲ Ҡ ╥֪Ɫ 1 Ё ⇔

ȳ֮ϯѬᴯ Ȳѹ֮ Ɫ ỵ( 2 ֮ ֵⱢ Ӱ)Ἤ Пכ

ȴ 2 П ѩȲⱢϠ ֥ П ứȲ ӣ

ὑ Њ ѩ Ḗᾼ 1.13% ᴩ Ȳד ᾼM-N ֽ 79( ᴯ

иᵑⱢ t-m tȷ Ɫ kN-m kN ѿò10ò)ȴ 

 

1500x300mm 
0.5% reinf. 
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79 ЄׄЄӧ 2 M-N  

 

Ṽ ЄׄЄӧ 2 [25]М ὑ ᾼ Ȳ

ֽϯῶ 8Ȳѿ ЄM ⱢṔ⇔ 0П Ȳ Є PⱢṔ⇔ 100П ᵂⱢ

ạ Ȳ ⱢḕӴѠеѐ 40 kgἬ ᾼ Ҕ ( 80

ᴥ )Ȳ Ҕ Ҡ ЄMц PṔ⇔ᾼ ạ ȴ 

ῶ 8 ( Ѭ ) 
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80 ḕӴѠеѐ 40kg Ҕ  

 

Ṽ ЄׄЄӧ 2 П ὑᶼ П Ѡה

ȲMnⱢӦ 80 ҏּפⱢ 7 Пϩ Ȳ ҏᶼ П

Pϩ ẞПᶼ Ɫ 13.23 Пϩ Ȳֽϯ ȴ 

 

81 ᶼ Ḗϩ Ѡה 

-1000

-800

-600

-400

-200

0

200

-40 -30 -20 -10 0 10 20 30 40

P
n

(t
)

Mn(t-m)

40kg/m3

  

Mn 7(tf -m)  

(7.27,-179) 
(3.81,-193.6) 
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5.4 Ё ѩ  

Ё ȳ Ғ ᵶ ѩȳ ӣ Ȳ Ṽ

ҟ Ὠ[26]Ȳѿц ᾼ ϩ(N) (M)ẃ ḟ

ứȴSFRC ֥ѩ ṓῶ 9ȲẔМѬᾇⱢ ῁ ѬᾇȲἯ֥

ѬⱢϚ ᴞẃѬȲ Ғ ṿӣ Sika Ѭ ȴ 

 

ῶ 9 SFRCѬᾇ ֥Ḋ ѩ 

Ḋ  כ
Ḋ 

kg/m3 

Ѭᾇ 

kg/m3 

῁ᴊ 

kg/m3 

Ѭ 

kg/m3 

 

kg/m3 

+ 

kg/m3 

 

kg/m3 
Ѭᴊѩ 

⇔ 60MPa 
1100 370 30 140 5 890 40 0.35 
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5.5Ӑ Ἤṿӣ П  

ᾼᶮᾭצ ֵ Ȳ֢ ᶮᾭ Л֝צ ц ᵓ Ȳ

₤ȳ ₤ȳϮ ₤Ɫ Ɫ ṓП₤הȲѻ ᵑ֯ὑ

ᶠ ₤ Ȳ ֵ⁄ ẁᾼ᷿ ϩ Єᵀ Ȳ ₤

ᾼה צ ᷾Ϥ Ё Ἧ∟ȲẔП ᾼ −ᶶ ὑѬṿ

ᶁлиӁ֯ ЁМП ȲӐ Ɫṿӣ Ɫ ѹ

ὔậ П ₤Ȳ₇ Ɫ dramix 3dȲ ⇔ 60mm᾿ 0.75mmȲ

80Ӽѿױ ᵂⱢ Ȳ ἤֽῶ 10Ȳҵ₤ֽ 82ȴ 

ῶ 10 ἤ 

Ḋ ἤ  
ᶼἮ ⇔ 

(Mpa) 

 ⇔ 

Mm 

᾿  

Mm 
  ѩ 

ἤ  

Gpa 

 1225 60 0.75 80 210 

 

 

82 Ӑ Ἤṿӣ ҵ₤ 
 

Ӑ Ṽ Ɫ 40 kg/m3ȲA₤ ѱ Ɫפּ

0.8571m3Ȳ╝ 34.28kgȲK₤ ѱ Ɫפּ

0.2857m3Ȳ╝ 11.43kgȲ ѩּפ 0.51%ȴ 
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г  Ё ѱП  

6.1 Ё  

6.1.2  

Ӑ Ѭᵓ М Ѭ иᶝӔ֯╟ᵂПЄׄЄӧ

Џ Ȳ ᴕẔ ѱѐЉ Ḃв цḊ Ȳ֪

Ẕ ѱБ ᶙכȲὑ ᶙכ∟ ẁӐ ԛᵓӣѿ ע ӣȲϷ

צ П Ҡẁ ᴕȴ 

ⱢϠ Ё ѱἬ Ӣᾼ ϩ ᴩⱢȲ֪ẔṼ

ҟ[26]ᾼ Ȳ ᶙԓ ᾼ Ё ѱ ᾎ ᵓ

ׄ ẞ ứᴯ Ȳ ▐ ỆứӣЏᵂ ṿ (Strain 

gauge)ׄ ὑϱ Ȳѿ― ᵓׄ Ệứ ȲЏᵂ ќ▐П

ֽ 83ȲⱢϚУֿ▐ṳὑϱϯẒ Ệứ ȲṳὑϯѠӣ Ё

ὑ ẓϱȴ 

ᶼ П Ȳ ׄ ֯ в ҵ  

֣ѻ ϱȲױᴯ Ɫ ѱ Ғ Ȳ Ҡצ Ӣ Є ȴ

ⱢϠ Ё ѱׄ ᾼᴯ Ȳ Ё

ѱ ׄ ᴯὑ ѱ ϯ ֝’ ⁴⇔Пᴯ Ȳ

ὑế Ё ѱ ᾼᴯ Ϛ ȲK₤ ѱ⁄ׄ ὑМ
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э Ȳᴯ ᴕ 84 ӱȲҫ ҏ ѿ Ȳ

ҏ ὑֽ 85П Ȳṳѿ Ё ὑ ẓϱȴ 

 

 

83 ќ▐Ӵ  

 

  

84 иӁ  
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85 ҏ  

 

Ӑׁשṅ Ἤṿӣ Ё ₤ Ɫ Geokon 4200Ȳ ⇔ּפⱢ

153mmȲ ֽ 86Ȳ Model 4200ׄ ὑ ЁМЬẓדצ

ᾼ ⇔Ȳᴖױ ѻ Ɫ ֣ Ȳ ӣὑ

/שׂ ѱȳ֮ ц Ȳ ⇔Ҡ ᴟ 1‘‐ȴ 

 

86 ҵ (ẃ : GeokonỪ ) 
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6.1.2 Ё ѱ ӭ 

ӐׁשṅПӭᾼ Ϡ֯ Ё ѱᾼἤ ᴩⱢ

ҵȲḆ ᾼӭᾼ֯ὑ Ё ѱПғ Ҡѿ

Ӑ ᾼ Ё ѱϚ ἨḆṾȲӑẃИ ӣү ᾼ

Ѭ Џ ϱȴ֪ױȲӐׁשṅ Ϡ ṜеԚЏ ỗ ᾼ ѱӢ

ПҵȲӼ ѩ ѱ Ἤ ᾼӢ в Ἤ╓ứ

ᾼ в ц ֥ Ȳᵓӣ A₤ц K₤ ѱẃ ᴩᶼ ȳ

эἮἸц ϩ Ȳ֢ ᾼӭᾼֽϯ: 

1. A₤ ѱᶼ  

ᶼ ᾼӭᾼ Ӣ П ѱ╥ᵡҠ ѱ П

ᶼ Ἤ Пӭ Ȳ Ѡֽה 39Ȳ

МȲӇ ═ ѱҏ П Ȳṳѹ Л֝ ⇔

ᾼ Ȳ ḇ∟Ȳ ȳ

ȳ ѿц ԛСѿѩ Ȳ ṷ

ᵗὑצ ᴷ ѱᾼ ἤפ цẔ֯ ӣМᾼ

ӣἤȲӐװӭ Ɫ 28.6 (RC)ȳ13.23 ( )ȴ 

2. K₤ ѱ эἮἸ  

ṿӣ֞ẓ ֥ᾼѠהȲᵓӣϾџ ᴩἮἸȲ
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ֽ 42Ȳѻ э ῺӦὑἮϩі ᾼ ᾓȴ

ѩ֯ס Л֝ ѱ֯ἮἸ Мᾼῶ Ȳṳ

Ẕ ѱ ⇔ᾼ ȲӐװӭ Ɫ 2.2 ȴ 

3. K₤ ѱᶼ  

ӣẃ ѱ ⁴⇔╥ᵡṜ Ȳֽ 40Ȳ

МȲ Ḕ Ғ Ȳ װ ҏ ᾼ Ȳṳ═

ᾼ ȴ ṷ ӣὑ ᴷ ѱᾼᶼ ἤ ц

Ẕ֯ ṿӣМᾼׄԓἤȲӐװӭ Ɫ 340 ȴ 

Ϡ ⇔ -ᴯ פ ᾼѩ ȲӐׁשṅϷ ᵓӣ

ẃᵒ ḇ∟ᾼ ѱ ᶮȲṳѹׄ ẃ

Ё ᾼ Ё ϩ- פ Ȳṳ ד Ὠ ѩ

ȴ 

צ ᾼ иȲӭ› ѿ Image J ẃ ᴩиέȲֽ

87ȲImage J╥ѿ JavaⱢ П ȲҠ ᵂὑ֢Єᵂ

Ṇ ПМȲẔ ὑ javaᾼ Ȳṿ ᾼ ה ѿ ה Ԉ

ᾼѠהи ȴױ ה ӱȳ ȳ иέ 8ȳ16ȳ32ᴯаᾼ

ѱȲќ ֵ ṓᾼ  ȴה
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87 ṿӣ Image JᾼиέḔ о Ὠ 
 

6.2 Ё  

6.2.1 Њ Ἧ 

֪Ɫ ṿӣװ Ḋ Ȳ ᴩ › ԒṿӣЊ₤Ἧ֥ ц

ϢЏ Ȳẃ ᴩ Ё Ȳֽ 88ẞ 91ȴ 

 

88 ᴴӣ ֥  
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89  

 

  

90 Њ ᴴ Ὠ 91 ᴴ ὨᵂⱢ  

 

  























































































https://www.dorts.ntpc.gov.tw/documentary/articleInfo/PAV2nYKKmn3z
https://www.dorts.ntpc.gov.tw/documentary/articleInfo/PAV2nYKKmn3z
https://www.cdns.com.tw/articles/969603


https://www.facebook.com/ckcps/posts/the-twin-45-story-towers-of-seattle-house-have-reached-level-13-this-mixed-use-m/940622368065108/
https://www.facebook.com/ckcps/posts/the-twin-45-story-towers-of-seattle-house-have-reached-level-13-this-mixed-use-m/940622368065108/
https://www.facebook.com/ckcps/posts/the-twin-45-story-towers-of-seattle-house-have-reached-level-13-this-mixed-use-m/940622368065108/
https://www.ckcps.com/buildable-design
https://www.obayashi.co.jp/chronicle/works/d056.html

























































