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ȸ Ёֹו ϩῴḔ ᴷȳ ᵂ Ṇ ȳứ ᴷȳṮḳ 

Ϛȳׁשṅ  

וֹ װֵ ∟Ȳ ứ֮ Ɫ Єᾼᴔ ∂ ᾬПֹו ϩ БЛ

ȴ Ϛ ᴩ וֹ ϩ ᴷȲ ד ᾼ ȴ╝Ӑѝ в╜

∂ ṅἬὑשׁ ỗד2014 МȲׁש ᾪ∂ ᾬֹו ϩῴḔ ᴷѠᾎⱢ Ȳ

Ё ᾬֹו ϩῴḔ ᴷП ӣӂү(Preliminary Seismic Evaluation of RC 

Building, PSERCB)Ȳ ṿӣ῏ ᶶ ѹ ᾼᴷ ∂ ᾬᾼֹו ϩȴ 

PSERCB וֹ ᴷ ὨПׄԓ ⇔ѿи ῶӱȲ ṿӣ῏ Ԓ ҏֹו

ϩ П∂ ᾬȲ Ԓ ᴩֹו ᴷ Ȳ ᴖ Ӑכע ȴ ∟ ᴷ

ὨҠ᾿ ԝῶ֙ҏȲ ᴷ῏֯ ᴩֹו ϩῴḔ ᴷᵂ ϱḆҒ―ᵓȴҫҵȲ ҟ

╜Ἀ ᴩ וֵֹ ϩ ᴷȲẔ ᴷ ὨꞋБ Ӑ֯Л֮֝Ѡ֢ᴞ’׀ȲӐӂү

ӑẃֹו ϩ ᴷ Ὠ ὑ׀ вȲ╜Ἀ∂ ᴯҠ ӂүױ ẞ

ȳиέȳ Пғ ȲᵂⱢ∟ Є (Big Data)иέПṼ Ȳ ẞḳ

ᾼӭᾼȲ Ḇצ ᾼ ӣȴ 

ϡȳׁשṅѠᾎц  

1. вȳҵѝ Ȳ ∂ד2014 ṅἬỗשׁ Мֹו ϩῴḔ ᴷ

ῶȴ 

2. ∂Ӵ Ё∂ ᾬֹו ϩῴḔ ᴷӂү(PSERCB)Ȳ ṿӣ῏ ӣױ

ῴḔ ᴷѠᾎП Ȳṳ ẁϚ ׀ ᴷ ὨП Ὲ ȴ 

3. иέ PSERCB ᴷ ὨȲṳ וֹ ϩ ᴷ Ὠѩ Ȳ

PSERCBПҠ ἤ ֥ ἤȴ 

4. Ϛеצ Є Ȳѩ PSERCB ᴷ ὨȲԛװ PSERCBП

ἤȴ 
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Ϯȳ  

Ӧ 29 ᵅ 1 10 еצ∂ ᾬПֹו ϩῴḔ ᴷ ὨȲ ᴩ

иέ ѩ ȲẒ῏ Ὠד ῺȲPSERCB ⇔ắẞΊứȴ ∟ ϚṆ Л ⁄П

Є₤∂ ᾬ Ϛ 10 Пеצ еЄ П ẂȲЮ וֹ ϩῴḔ ᴷиέᾼ

ᵂ ᶧȲṳ ῴḔ ᴷ Ὠ ᴩѩ Ȳ ϡױ ẂԛװΊứ PSERCBᾼ

⇔ȴ 

ҳȳѻ ∂ Ṷ  

∂ שׁ ѠהȲЮ PSERCBᾼ ᵂȲ ṅשׁ П ȲҠѿ ᶶ ױ

Пғה ᵂȲṳѹ ᵂњҌᴟὑ ϱȲ ᴷ῏ ц ▲ ֢ ҅ῶ

ȴ 
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ABSTRACT 

 

The numerous existing buildings maynot behave qualified seismic performance satisfied 

with the current seismic design code as a result of material deterioration or outdated design, 

etc. It needs a significant cost and time to do the detailed seismic evaluation of existing 

buildings for determination on necessary seismic retrofit. Therefore, development of a 

preliminary seismic evaluation system giving a rapid and reliable result is very important 

currently in Taiwan.  

This thesis focused on developing the preliminary seismic evaluation of reinforced concrete 

buildings (PSERCB), based on research of Porfs. Sung and Tsai 2014, granted by Architect 

Research Institute, Taiwan. Both qualitative and quantitative evaluation results are involved in 

this framework. A cloud platform was established for the engineers to input the inspection of 

current status of buildings and the evaluation report is able to be downloaded as technical 

report. All the data on the cloud platform are collected as the basis of big data analysis for 

strategy of disaster prevention to government in the future.  

  The accuracy and reasonability of the developed PSERCB system was investigated by 

detailed assessment of 30 existing buildings. 

The guideline of system operation and some technical parameters provided by the 

professional engineers or architecture association are included in Appendices.  

This study could benefit the rapid screening of the buildings without sufficient seismic 

capacity and provide a preliminary seismic retroffiting in a short moment. In addition, the 

strategy on disaster prevention is able to be determined according to big data analysis of all 

the results obtained. 
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Ϛ   

Ϛ ṅשׁ  ￼  

ᴯὑ ыӂ◦֮ ϱȲ֮ ѻ …Ӧ √ ὰ Ṹὰ Фד

П Ѝ ἬᶮכȲ֪ √ ὰ ᴟЭЬѿדӂᶁ7~11еиП ⇔֣ Ṹὰ Ȳ

ṿМҶЍ ỴЍ Л ═ ϱсȲӼ כ Ӑ ֢֮֮ Ӣ ȲᴖḕדἬ

Пצ ֮ Ḇ╥ ᴍװȴ֮ ֯ ֮ ֮כ ȳ +ȳ ȳе ᶀѠȳ

ᴯȳ ȳѬ ȳἪ⅞ ȳ М Ȳ ṿϢӖ Ϻц

ҷЛ Ẕ ȴ 

Ӗ ד88 9ѣ 21ѡὑ⁮᷾ Ӣ 7.3П Є֮ ԓ Ȳ Ё ӭ

Ȳ ∂כ ᾬ Ἠ ῏Ὼ 5 ȷӖ ד105 2ѣ 6ѡὑ Ӣ 6.4П

רּ ֮ ү⁮ȲẔМ ′  Є כ Єḳ ȴ∂ ᾬ ᴍởכ Ϥ

ЛׄȲῂ ц ῂ Ӽ ắ ╚ ȴⱪױȲᶺ ╜ἈḆҒᾃ ḳ Ṯ

ᾙᵂ ȲẔМ…ѿἪ⅞∂ ᾬֹו ϩ ᴷ ᵂ Ɫ ЏᵂȲӖ 86 ד 6 ѣ 6

ѡ Ӕɦ∂ ᶾ ⁄∂ וֹ ɧ(в╜ ү 86в ֿ 8672951

ẗ)ȳ94ד 12ѣ 21ѡԛװ Ӕɦ∂ ᾬֹו ɧ(үв ֿ 0940087319

҆)ц ד100 1ѣ 19ѡ Ӕɦ∂ ᾬֹו ц ɧ(үв ֿ 0990810250

҆) и ứȴ921֮ Ӣ∟Ȳ╜Ἀ Ḃ ∂צеצ╠ ᾬֹו ϩȲ ╜

῟ȳ Ṯ ῟ц ῟ Ȳ ᴩֹו ϩ ᴷ ᵂ ȷ0206֮ Ӣ∟Ȳ╜

ἈӼ Ở וֹ ׄ Ȳ Ӗ׃ ᴩֹו ϩ ᴷ ᵂ ȴ 

᾿ ∂ ᾬ ᴩֹו ϩ ᴷ ד ֵᾼϢϩȳ ц Ȳ

Ϛצ וֹ ϩῴḔ ᴷṆ צ וֹ ϩЛṜ П∂ ᾬȲԛ ᴩֹו

ϩ ᴷ Ҡ Люע Ӑȴכ ᴩֹו ϩῴḔ ᴷѠᾎⱢӖ 88

Ӧד Ἤ ҏȲв ֵѿứἤ ᴷⱢѻ[6]ȲכὨṏ֕ậḟὑ ᴷ῏ᴞӦї Ȳ

ȳצ ᾼ ᴷ῏Ҡ ᴷ Ὠ ЄȲ ἤ ȴв╜ ∂ ᾬׁשṅἬ
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ὑ ỗד2014 ᶚ ᴩׁשṅȲ וֹ ϩῴḔ ᴷῶȲױῶ֝ṿᴕ ứ

ἤцứ ᴷȲ צ Ḃ ᴷ Ὠ ЄȲ ἤ ᾼ ȴ 

ҫҵȲ╜Ἀ ҟῧ ֵеἄ ᴩῴḔ ▲ ᴷȲᵀ ᴷ Ὠ ὑ֢ ѹꞋѿ

ӐѠהᵧ Лὔ’׀ȴצ ὑױȲӐѝ Ϛֹו ϩῴḔ ᴷӂү(PSERCB)Ȳᶦ

ӂүȲױ ᴷ Ὠ ὑ֝Ϛ׀ ӂүϱȲӑẃҠ ᴩ иέ

ᴷȲἨ ֥ GIS Ἢ⅞∂ וֹ ϩṏ֕Пиᵉ ȲҠᵂⱢֹו Ṯḳ ạứПṼ

ȳ ӀḆ П ᴕȴ 
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ϡ ṅӭᾼשׁ  в  

╜вד2014 ∂ ṅἬỗשׁ Ἤ ҏֹו ϩῴḔ ᴷѠᾎȲ֝ ᴕ ứἤцứ

ᴷȲ֯Ӗ ד105 3ѣ 7ѡв╜ ∂ ң Ȳ ӣ PSERCBW Ɫּר ֮

∟П∂ ᾬᾼֹו ῴ Ṽ ȴṳὑ֝דҳȳХẒ ѣ װֵ Ȳ֢ꜜϷ ҏ

ֵḂ ∂ ȴⱪױȲӐׁשṅѿḂ וᾪֹד2014 ϩῴḔ ᴷӂүⱢѻ ṅӭᾼȲשׁ

ᴖׁשṅв ֽϯȸ 

1. вҵד ѝ Ȳ ᴕӦ ԝ ∂ ᾬֹו П ֪ІȲṳ ứ

ӣὑ вПֹו ϩῴḔ ᴷѠᾎȴ 

2. ứ ᴷМ ᵺ ᾼ иӦ ה ᴩ ȲҔᵶȸ▀ȳRC ȳ П

ϩ ⇔ ȳ100ד П ֮ ϩ ȳ∂ ᾬֹו ϩ ȴ 

ѿה .3 ӱȲṿӣ῏Л ϯ Ȳ ц ᵛҠ ᴩֹו

ϩῴḔ ᴷȴ 

4. ∂Ӵ EXCEL Ϥ Ԉ Пғ Ȳ сṿӣ῏ Ϥ ПѠ―ἤȴ 

5. ∂Ӵ ѱϱ ғ Ȳᶦ ṿӣ῏Ҡ ᴷӂүṿӣȴ 

6. ∂ ϯ ᵫ ғ Ȳ ὑӂүϱᶙוֹכ ῴ ᵛҠ ҏ ᵫ ȴ 

7. Ẃиέ ѩ ȲϠ וֹ ϩῴḔ ᴷП ἤȴ 

8. PSERCB Ẕ҃ ἨṆה ֥ ӣȲᶦ сᶺ Ṯḳȳ ḳ ȴ  
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ϡ  ѝ ֫  

Ϛ  ›ṕ 

П∂ ᾬֹו ц װֵ ∟Ȳ ứ֮ Ɫ Єᾼᴔ ∂ ᾬ

Пֹו ϩ БЛ ȴ Ϛ ᴩ וֹ ϩ ᴷȲ ד ᾼ

ȴצ ὑױȲӐ вҵᶶ ἨῴḔֹו ᴷѠᾎ ᴩ Ȳ Ӑׁש

ṅМἬṿӣПֹו ϩῴḔ ᴷѠᾎȴ 

ѡӐБ ὔᴞ׃ ᴷѿ APP ᵧ ȲӐׁשṅ ∟ ứПֹו ϩῴḔ ᴷṆ

∂Ӵὑ ӂүȲᶦ ṿӣ῏Ҡὑԉᴶ ȳԉᴶ֮Ѡ ὔᾼ ᵂȴṳѹ וֹ

ϩῴḔ ᴷиᾎМ иӦ ה ᴩȲ ṿӣ῏֯ṿӣӐ ᴷѠᾎ ḆҒ―ᵓȴ 
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ϡ  ҵП∂ ᾬֹו ϩῴḔ ᴷ 

Ϛȳ֮ ắ ∂ ᾬ ≡֚ ⇔ᾼ ứњҌ 

ѡӐ ỳ Ӏᴰ׃ ∂ דּ П֮ ắ ∂ ᾬ ≡֚ ⇔ᾼ ứњҌМȲ

∟ắ ∂ ᾬ Ϛ֚ ⇔ᵒứ ▲ῶȲ ѿᵒứ֚ П ⇔ȴ ▲ῶП

ᾛ֮Ҕᵶ Ḋц  ᾬ ֵ ӭȴᴖ ֮ Џ ṅМїשׁ ᴕẔ▐ Ȳᴕ

῟Ể П ịȳ Ё Ἠ ӰӼҠ ∂כ ᾬцϢ ПЛҠ ᾼ֚ ȲἬ

ѿὑ֚ ⇔ᵒứ ▲ῶҒϤѿϱἬ П ӭȴ о∟П֚ ⇔ᵒứ ▲ῶ ṓῶ 2.1

ῶ 2.2ȲῶМ ὑ RC▀Ἠ П ⇔ᵒ ᾼ ԝὑῶ 2.3Мȴ 
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ῶ 2.1 ֚ ⇔ᵒứ ▲ῶ 

 ▲ ӭ 

֚ ⇔ 

A  B  C  

1 

֮ Лᶁлḛ ᾬ∂כ

 
ǏЊὑ 1⇔ Ǐ1⇔~2⇔ Ǐ 2⇔ 

2 ∂ ᾬ֪֮ ϯ  ǏЊὑ 0.2m Ǐ0.2m~1.0m Ǐ 1.0m 

3 

⇔̨▀ /▀  ǏЊὑ 10% Ǐ10%~20% Ǐ 20% 

⇔̩▀ /▀  ǏЊὑ 1% Ǐ1%~10% Ǐ 10% 

4 Ể ịἨ Ё  Ǐɑ  ǏМ Ǐ  

 ֚ ⇔֥  A    B    C    

 ⇔ʐѿϱП▀Ἠ  Ǐצ Ǐ  

ɚ ẃ ȸМЊ וֹ῟ ᴷ Ȳ2000דɛ 

ῶ 2.2 ֚ ⇔ᵒứᵒứῶ 

 ֚ ⇔ и  

Ǐ Ѧ Ϥ C 1 ѿϱἨ B 2 ѿϱ 

Ǐ Ϥ ᾃ  C ᵒứᵀצ 1 B  

Ǐ ṿӣҠ  CἨ B  

Ǐ ׄԓ ⇔ʐѿϱП▀Ἠ  

ɚ ẃ ȸМЊ וֹ῟ ᴷ Ȳ2000דɛ 
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ῶ 2.3 RC▀ц RC ᾼ ⇔ᵒ ῶ 

RC▀цRC ᾼ ⇔ в  

Ƚ(ắ ) ⇔֯ 2.0mmѿϯȴ 

ʇ(⇔ ) ⇔֯ 2.0mm~1mmȴ 

ʐ(М⇔ ) Ӣ Є Ȳ Ё ю и Ȳ ⇔

֯ 1mm~2mmȴ 

̨( ) ⇔ 2mmȲ Ё Ȳ ҏȴ 

̩(ᶙԓ ) ữȲ Ё Ȳ▀Ἠ ϩ צ ⇔Ѡ֣

ἤП ᶮȲꜙᴟצ П ᶮȴ 

ɚ ẃ ȸМЊ וֹ῟ ᴷ Ȳ2000דɛ 

ϡȳѡӐ∂ ṮḳẦ ạứПֹו  

ӦѡӐ∂ ṮḳẦ Ἤạứᾼֹו Ȳ ╥Ϛ 5~6 ѿϯ

Ё∂ ᾬȲױᾎӦ ―ᾼϚװ ẞ ᾼϮװ ԚϮ ѠᾎἬ ҬЮױȲ֯כ Ϛ

װ иȴ 

ẔѠᾎⱢ וᾬПֹ∂צ╠ ╓ sI ȲѿϮ ╓ ד ᴖ  

0s DI E S T= ³ ³ (2.1) 

sI וֹ : ╓  

0E ἤצ’ : Ӑ╓  

T …ד :  

ẔМ 0E Ɫ ▀ȳ ᾼ ֮ὰ Ḗ Ѭӂ ⇔Ȳ 0E ᾼ Ɫ(2.2)

ậЄהц(2.3)ה ȴ DS ╓ Ɫ ӂ ἤȳ  ѩȳᴼ ᾼ ȳ╚ Пצ ȳ

֮ϯ⅍Пצ ȳ ᾼᶁлἤȳ Пצ ȳẔ҃ ӭ ᴩ ȴT╓ ⱢṼ
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∂ ᾬᾼ ȳ ᶮцṿӣד ӭȲṼẔἬứП᷉ … ȲậẔ Њ῏Ɫ …ד ȴ 

0 1

1
( )w c w

n
E C C F

n i
a

+
= +
+

 (2.2) 

0 2 3

1
( )sc w c sc

n
E C C C F

n i
a a

+
= + +
+

 (2.3) 

n : ∂ ᾬ  

i : ᴷᾼ  

wC : ᾼ ⇔╓  

cC : ▀ᾼ ⇔╓  

scC : ▀ᾼ ⇔╓  

wF : ᾼ ἤ╓  

1a : ( ⇔ П▀ ⇔ế)/(▀ᾼ ⇔ế)Ȳậ 0.7 

2a : ( ▀ ⇔ П ⇔ế)/( ᾼ ⇔ế)Ȳậ 0.7 

3a : ( ▀ ⇔ П▀ ⇔ế)/(▀ᾼ ⇔ế)Ȳậ 0.5 

Ϯȳּר ATC-20П∂ ᾬ ∟ׄԓ ᴷ 

רּ ATC-20 ứϚ ∂ ᾬ ∟ׄԓ ᴷḔ Ȳ ṳ‍ѿ оѠהẃᵒứ∂ ᾬ

П֚ ⇔Ȳᴖѿԝ ӭц ᴷ῏Пᵒ ẃḟứ∂ ᾬП֚ ⇔ȴ 

רּ ATC-20 ∟∂ ᾬП֚ ἤ ᴷᾼѻ ӭⱢȸ 

a. Ѡ  

b. Ἠ и  

c. ∂ᾬ ᶮ 

d. ḊѠ  

e. ᶮ 

f. ὰ ᶮ 

g. ▀ ᶮ 

h. ᶮ 

i.   Ѡ  
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j. Ḑȳ ȳ ȳ ȳ цӠ  

k. ị Ѡ  

l. ֮ Ἠ Ӱ  
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Ϯ  вП∂ ᾬֹו ϩῴḔ ᴷ 

Ϛȳ ứП Ёֹו ϩῴ ῶ 

ᴷ ᴩֹו ᴷПῴḔ Ȳ ᴖ ҏ Ёֹו ϩ

ῴḔ ᴷῶȲֽῶ 2.4ἬӱȴױῴḔ ᴷῶ וֹ ϩПѻ ֪ שׁ ᴖכȲԚ

צ 18 ӭȲṼ֢ П ἤצЛ֝ᾼ иȲ ֥Ɫ 100иȴ֢ ӭ ᴷв Ȳ

Ҡѿḟứ Ȳ ѿ иҠ ẞ ӭᾼ֚ ⇔ иȴ֚ ⇔ и Єὑ 60

иȲ⁄ῶӱ ∂ ᾬᾼֹו ϩ צ Ȳ Юὑ 30иᴟ 60иП Ȳ⁄ῶӱ ∂ ᾬ

ᾼֹו ϩצ Ȳ ᵅὑ 30иȲ⁄ῶӱ ∂ ᾬᾼֹו ϩỮ ȴ 

ẔМȲῶ 2.4М֢ Ὑ ԝֽϯȸ 

 ⇔ד .1

∂ Пֹו Ӈ וֹ Ȳ֢ Л֝ Пֹו (∂ ᶾ

⁄)֯ иȳ ϩ… ȳ ֮ ϩ ȳ ἤ ꞋצἬЛ֝ȲἬѿ֢ Л

֝ ∂П∂ ᾬẔֹו ϩ  ἬЛ֝ȴצ

2. ֮  

֢ ֮ ᾼӔ оҒ ⇔ч ẃכȲ֮ Ȳі ᾼ֮ ϩ ЄȴӐ ӭ

П֮ и ⱢṼӭ›ֹו ẃ иȴ 

3. Џᵿ Ғ ⇔…  

П иц П ѬӂҒ ⇔… (Z)╥ ∂ ᾬֹו ẃḟứȴ 

4. ֮ϯ⅍ ѩȲ ar  

∂ ᾬᾼ֮ϯ⅍ ֽὨ ЄȲ֮ ἭắПЁ ϩ ЊȲ Ϸѩ Л

Ӣ ḛ П ȴ∂ …֮ ѿϱ∂ ᾬᾼ᷾ ȴ 

 ה₤ .5

Ɫ Ȳѹ Ȳ ὔ ӢЁ Ἥ ϩЛṜП Ἠ

П ȴ צ ȲἨ ӣ Ἠ Ȳ⁄֪ Ϛכ Ȳ Пϩ Ҡ
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Ἠ֮ Ғѿи Ȳׄԓἤ ȴ 

6. ֮Ё Ἥ ϩ 

ϯᾼЁ Ἥ ϩЛṾ Ȳ֮ ѩ ὔ ӢЁ Ἥ ϩЛṜП Ȳѿц

֪ ḛ Є ӢП ȴ 

7. П ѩȲb 

П ѩⱢ П צ ᾼѩ Ȳױ ЄȲ Ӣ Ԇᾼ ЄȲ

ẓ ἤȲױ ЊȲ Ӣ ϩ ԆᾼҠ ἤ ҒȲ ֪ Лẓ ἤȲֹו

ϩ ȴ 

8. ▀П ѩȲa 

▀П ѩⱢ▀П ᾘ֮ ϩѠ֣П▀ ᾼѩ Ȳױ ЄȲ Ӣ Ԇᾼ

ЄȲ ẓ ἤȲױ ЊȲ Ӣ ϩ ԆᾼҠ ἤ ҒȲ ֪ Лẓ

ἤȲֹו ϩ ȴ 

9. ╓  

∂ ᾬ ẓ ϩ ȳ ▐ П‍ RC Ἠ Ȳ⁄ẔҠἭ Ϛ иП֮

ϩȲ⁄ ▐ ӢᾼϚṷЛṏ ה וֹ ϩᾼ ḥצṪ Єȴ 

10. үȳ כ ▀ ἤ 

үἨ ▀ Ȳ כ ▀ȴ ᵮן ЄП֮ ϩҵȲẔ ϷҠה

Ӧ Ɫ ϩ Ȳṿֹו ϩ ᵅȴ 

כ .11 ἤ 

֮֯ і П ϩȲ֪ױҠ Ӣ Лẓ ἤП ϩ Ȳ ᵅϠ

∂ ᾬПֹו ϩȴ 

12. ἤ 

∂ ᾬᾼϚ ֪ṿӣП Ȳϡ ѿϱᾼ‍ RC Ἠ ḥצϯẞϚ Ȳ

ṿϚ П ϩ ⇔ ᵅȴ֮ ẃ ȲϚ Ԓ Ӣ ȲẔ ἤӣ ∟Ȳ∂

ᾬ Ӣ ȲẔ Пֹו ϩᵅȴ 
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13. ӂ ἤ 

ᾬὂᶼ֮ ϩП ḊֽҿҢȳ›∟ Ȳ⁄∂ ᾬП ї ⁬⇔Мї Л

ыЄПצ їȴ ∂ ᾬП ї ⁬⇔Мїצ ЄП їȲ⁄֮ і ЄП᷁ Ȳ

Ғ ᾼҠ ἤȴ 

14. Ӵ ἤ 

ᾬ ֯Ӵ ϱצ П Ἠ⁬⇔ оȲ⁄֮ ӢЛὔ ᾼ ϩᴩⱢȲ

ᾬᾼֹו ׄԓȴ 

15. ᶮ ⇔ 

צ ᾼ ḛ Ȳ⁄Ҡ Ȳᴖ Ḋ ⇔ЛṜȲϷ Ӣ ЄП

ᶮȴױṷ֪ ᵅ ᾼֹו ϩȴ 

16. Ѭ ἤ 

Ё Ḋ ẓצ Ȳ҅ῶ Ё₇ ЛṏἨ ⇔ЛṜȲ Ϸ ᵅ

ḊП ⇔Ȳױṷ֪ ᾬᾼֹו ׄԓȴ 

17. ⅞ yr(ד) 

⅞ Єᾼ∂ ᾬȲẔ Ḋᴔоᾼ ⇔ Ȳֹו ϩ֪ױϷ ᵅȴ 

18. ⅞ Ғ∂ ⇔ 

⅞ Ғ∂ ЛҔᵶПҒ∂ᾬȲӦὑҒ∂ᾬẓצ Ȳѹϭᴯὑ ᾼ⅞ Ȳ

֮ Ӣᾼ֮ ϩѩ ὑẔ҃ ḆЄȲ ᾬᾼֹו ϩẓד П ȴ  
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ῶ 2.4 ∂ ᾬֹו ᴷῶ  

 װ
ӭ 

и 
ᴷв  

 

֚

⇔

и 

 4 ⇔ד 1

Ǐ63ד 2ѣѿ›(1.0) Ǐ63ד 2ѣ~71ד 6ѣ

(0.75) Ǐ71ד 6ѣ~78ד 5ѣ(0.5) Ǐ78ד 5ѣ

~86гד 5ѣ(0.25) Ǐ86ד 5ѣѿ∟(0) 

  

2 ֮  5 
ǏүҖִ(1.0)֮י ǏϮ (0.8) Ǐϡ (0.4) Ǐ

Ϛ ( 0) 

  

3 
Џᵿ Ғ ⇔

…  
5 (Zʟ0.18)/0.15ȷẔМ Zȸ Ғ ⇔…  

  

4 ֮ϯ⅍ ѩȲra  5 
0ʧ(1.5-ra)/1.5ʧ1.0ȷraȸ֮ϯ⅍ ∂

Пѩ 

  

 5 ה₤ 5
Ǐ ( ) (1.0) Ǐ(צ ) (0.5) Ǐ

Ἠ (0) 

  

6 ֮Ё Ἥ ϩ 4 0<(10-b)/8<1.0   

7 П ѩȲb 6 0<(6-a)/4<1.0   

8 ▀П ѩȲa 6 Ǐ (1.0) ǏЛṏ(0.67) ǏỮҠ(0.33) Ǐṏֻ(0)    

9 ╓  8 Ǐ (1.0) ǏЛṏ(0.67) ǏỮҠ(0.33) Ǐṏֻ(0)   

10 
үȳ כ

▀ ἤ 
8 Ǐ (1.0) ǏМ(0.67) Ǐᵅ(0.33) Ǐ(0) 

  

11 
כ

ἤ 
6 Ǐ (1.0) ǏМ(0.67) Ǐɑ (0.33) Ǐ(0) 

  

12 ἤ 8 Ǐ (1.0) ǏМ(0.67) Ǐᵅ(0.33) Ǐ(0)   

13 ӂ ἤ 6 Ǐ (1.0) ǏỮҠ(0.5) Ǐṏ(0)   

14 Ӵ ἤ 4 Ǐ (1.0) ǏỮҠ(0.5) Ǐṏ(0)   

15 ᶮ ⇔ 4 ǏЄ(1.0) ǏМ(0.67) ǏЊ(0.33) Ǐ(0)   

16 
Ѭ

⇔ 
8 Ǐ (1.0) ǏМ(0.67) Ǐᵅ(0.33) Ǐ(0) 

  

17 ⅞ Ȳyr(ד)  3 yr /50ʧ1.0    

18 ⅞ Ғ∂ ⇔ 5 Ǐ (1.0) ǏМ(0.67) Ǐᵅ(0.33) Ǐ(0)   

и   100   

ᴷ Ὠ 
Ǐ צ (D>60) Ǐצ (30<D<60) 

ǏỮ (D<30)  

 

ɚ ẃ ȸМЊ וֹ῟ ᴷ Ȳ2000דɛ 
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ϡȳ וֹ ϩ ᴷᾎ 

ѠᾎⱢӦױ Ἤ ҏȲ וֹ ϩ ᾼϥ ֪ Ȳ

ᴖ ֮ῶҒ ⇔Ȳױϥ ֪ Ɫ: Њ Ѭӂ ϩȳ ▀ȳה ḇ

ȳ▀ ѩȳ∂ ᾬẓ‍ П Ӕȳ∂ ᾬẓ ϩ П Ӕȳӂ Ӵ ἤȳ

צ ᴷȴױϥ ֪ ᾼ … ѿ iFῶӱȲ⁄∂ ᾬПֹו ϩ ca Ɫ

ѬӂҒ ⇔… Z ѿ 1F ᴟ 8F … ȴ 

1 2 3 4 5 6 7 8( )ca Z g F F F F F F F F=  (2.4) 

Ϯȳ ∂ ᶶ וֹ ᾎ  

וϚֹױ ᾎӦ ὺἣц Ἤ ҏȲԚ ẁ3 Л֝ וПֹװ ᾎȲ

ẔМϚװ ϡװ ╥Ϯװ Ḕ о Ὠȸ 

Ϛװ ᾎⱢ ѩ ▀ ѩᾼ Ȳ Ϛ ᾼ ѩ ▀ ѩ ὑ ϱȲ

ᵛҠ῀ ∂ ᾬЄּפ ᾼצ ֮ῶҒ ⇔ȴ 

ϡװ ᾎⱢ ӣֹו еהȲ ᾼ ȳRC ȳϚ ▀ȳ ▀

֮ὰ ҅ϤеהМȲᵛҠ ∂ ᾬ ᾼצ ֮ῶҒ ⇔ȴ 

Ϯװ Ɫ פ₩ ᾎȲ ₣᾿ Ḋ ѐЉȳ Ḋ ⇔ȲԒ ẞ

Ϛ ḊᾼѬӂᴯ Ѭӂ П‍ ἤפ Ȳ֯ ∂ ᾬⱢ ϩ⅞▐ᾼ ԈϯȲѿᴯ

ạ Ғ֢₣᾿ ḊП‍ ἤפ ᴖ ẞ ∂ ᾬ П פ₩ ȲԛṼ

ЏᵿӔ оѬӂҒ ⇔… Cȳ Ṇ ֮ ϩ᷉ … uF ∂ ᾬ WȲ Ҡ

Ḗ ֮ῶҒ ⇔ȴ 

ҳȳϚ ϩП ὔֹו ᴷᾎ 

Ϛ ∂ ᾬПֹו ϩҠѿϚ ▀ ᵡὂᶼ֮ ӢПѬӂϩᵒᵑȴ֪ױȲ

Ϛ П ϩҠ ᴷ ∂ ᾬПֹו ϩȲ ϩП ד Ȳ

֮ Џ ṅМїשׁ ֥ П оȲ Ẕ ֥ оȴ ὔֹו ᴷᾎ…
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Ḗ∂ ᾬϚ П ⇔ѿц П ἤ ȲױѠᾎѻѿῴḔ ᴷ צ ∂ Пֹו

ϩȲ וֹ ϩЛṜП ῟ ᴩῴḔ ȲᵂⱢ ᴷП ∂ ᾬȴ Ѡᾎ

Ὑֽϯ: 

(1)▀П ϩ  

Ӧὑ▀П Ҡ Ɫ й ȲϷҠ Ɫ פ ȲἬѿ Ԓѩ ▀П Ԇ

ϩц▀Ẓ ӢП П ϩȲẃḖ ▀ Ԇ Ἤ ẁП ϩ( colV )ⱢֵюȲ

Ẕ  :ҠῶӱⱢה

colV min(2 / )y n yM L V=   (2.5) 

ẔМ y c sV V V= +Ɫ▀П ϩ ⇔Ȳ cV Ɫ ЁἬ ẁП ϩ ⇔Ȳ sV Ɫ Ἤ

ẁП ϩ ⇔ȴ yM Ɫ▀П Ԇ ȲҠṼϯהᴷ : 

0.8 0.5 (1 / ( ' ))y s y c gM A f d Pd P f A= + -  (2.6) 

nL Ɫ▀П (ֽ 2.1)ȲPⱢ Ғᴕ ♄ Ἤ П▀כ ϩȴḖ ▀

П ⇔∟ȲЬ ῀ Ẕ ἤⱢᴶИҠ ᴩẔֹו ϩП ᴷȲὑױ ἤП ѠᾎⱢȲ

Ɫ ϩ Ԇ⁄ậẔ ἤ colR =1.0Ȳ Ɫ Ԇ⁄ṼẔ П ẃḟứẔ ἤȲ

Ẕ еהⱢȴ 

colR 1.0 2.0   < 3.0a= +  (2.7) 

sh provide sh code(A ) /(A )a=  (2.8) 

ᶮ▀ᴖṕȲ sh code(A ) Ɫ ứП Ȳ sh code sh1 sh2(A ) =Max[A  A ]Ȳ

ᴖ sh1A ȳ sh2A иᵑֽϯ: 

sh1

'
A 0.3 1

g c
c

c yh

A f
ah

A f

è ø
= -é ù

ê ú
 (2.9) 
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sh2

'
A 0.09 c

c

yh

f
ah

f
=  

(2.10) 

ӦὑϚ ▀ԓ ᾼ ṳЛϚứᶙԓ֝דȲἬѿ yV ц colR МἬӣП shA Ҡ צ

Л֝ȴѿϱП Ɫ ▀ ц▀ἉꞋ Ӣ П ᾓ ▀Ἤ ẁП ϩȲױ

ѠᾎṳЛᴕ ▀ ╥ᵡ Ԓ Ӣ ԆП ᾓȲἬѿҠ ᴷ ▀Ἤ ẁП

ϩȲᵀӐѠᾎⱢ ᴩ∂ ᾬῴḔ ᴷПЏᵂȲӭᾼ֯ וֹ ϩ ЛṜ∂ ᾬ╚

ҏẃȲ֪ױҬᴕ ▀ ԆПᾭ ֥ ȴ 

(2) Ϛ Ἤ ẁП ϩ 

Ӧὑ ∂ М ҉ ᵂⱢ ⅍ Пӣ Ȳ ӐṝἬ ẁП ϩцד

П ἤⱢ: 

bw bwV  = V  (2.11) 

bwR  = 1.0 (2.12) 

Мה swV Ɫ П ⇔ȲẔ ПѠᾎὑױṼ Ἤ∂ ᴩ Ȳ

ҫӦὑ ֵ ἤ Ȳ╝ậẔ ἤ bwR Ɫ 1.0ȴ 

(3) Ϛ RC Ἤ ẁП ϩ 

Ӧὑ ∂ М ҉ RC‍ ᵂⱢ ⅍ Пӣ Ȳ ӐṝἬ ẁП

ϩцד П ἤⱢ 

0.53 'sw c cv n y cvV f A f Ar= +  (2.13) 

 

swR  = 1.5 (2.14) 

Мה nrⱢ ϩѠ֣₣᾿Пӂ ϱ ϩ ѩȲ cvA Ɫӂᴩ ϩѠ֣П ⇔ ѿ

ᾪ⁴Ἤ П Ё Ȳ RC‍ ᾼ ᾎ ῀Ȳ’ׂ╠Ҡậ 0.002 Ȳ
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ҫӦὑ RC‍ ṳӑ Ȳѹ₇ Л ứἤ Ȳ╝ậẔ ἤ swR Ɫ 1.5ȴ 

֣ϩ

Ln

Ln

Vy

Vw

My

My

My

My

Vcol = min(2My/Ln , Vy )  

 

2.1 ὔ ᴷᾎӱ  

 ɚ ẃ ȸМЊ וֹ῟ ᴷ Ȳ2000דɛ 

 (4) Ϛ П ϩ 

Ϛ П ϩⱢ Ἤצ ц▀ ẁП ϩḖếᴖ  

tot col bw swV V V V= + +ä ä ä  (2.15) 

ϱהП Ɫ ֮ Ἤצ▀ц Ꞌӑ ẔἬצ ⇔Ȳ╝ẔϚứ ᴷ∂ ᾬ

П ϩȲἬѿ∂ ᾬ ὑױ Ѡהϯ ӑ ẞẔֹו ḖȲ⁄҅ῶױ∂ ᾬ⁯

וֹצ ϱП ȴ 

(5) ӂᶁ ἤП  

col col bw bw sw sw
av

tot

V R V R V R
R

V

+ +
=
ä ä ä

 (2.16) 

ӂᶁױ ἤП Ѡᾎ ӣ Ἤ ᴷᾎМ ἤПѠᾎȴӦὑ֮

П ἤЛừӣ ѿ ’ П ứȲἬѿṼֹו ἤậⱢӂᶁ

ἤПϚҙȲᵛ 

1.0 ( 1.0) / 2.0a avR R= + -  (2.17) 

 (6) ї᷁  

∂ ᾬẓצӂ ПЛ ⁄ἤȲ ẔϚ П ϩ ӣ… tFҒѿ᷉ Ȳ tFӦ ᴷ
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῏Ṽ ц ₤ ᴞᴩḟứȴ 

            <1.0u t tot tV F V F=  (2.18) 

Ṽ ד ὑ ῟∂ צ ᷁ Пׁשṅ Ȳ ῟∂ П᷁ ∂ ᾬП

וֹ ϩ ṳЛ ȲẔ П tF ֯פּ 0.96~0.98ҿҢȴ 

(7) ∂ ᾬ ἭắП֮ῶҒ ⇔Ɫ 

u uV F
Z

WIC
=  (2.19) 

ϱהМCᵛ uF ӣ ⁬⇔ П ( sT )ȴ 

2s e aT T R= ³  (2.20) 

eT : Ɫ ἤ Ȳ 0.750.07e nT h= Ἠ 0.750.05e nT h= ȴ 

aR : Ɫ ἤȲ 1 ( 1) / 2a avR R= + - ȴ 

Хȳ ῟ῴḔ ᴷῶ 

֮ Џ ṅМїשׁ ѡӐ∂ ṮḳẦ ạứПֹו Ȳṳ в

∂ ᾓ ὨȲ ứҏ ֥ὑ ∂ ПῴḔֹו ϩ ᴷῶȲֽῶ 2.5Ἤ

ӱȴ 

Ѡᾎױ ›Ϛ ẞɦϚ ϩП ὔֹו ᴷᾎɧדᴿȲѿ RC▀ȳRC

Ϯ ԈП ϩ ⇔ ᴷ∂ ᾬПֹו ϩȲЛ֝ ⱢױѠᾎ…ѿ ֢

ԈП ᴯ ד⇔ ȲᵛⱢϚ П ϩ ⇔Ȳԛ ֥ ἤ

∂ וֹ ц ȲҠ ɦ Ӑֹו ἤ ɧП иȴ ПҵȲױ ῟П

ӂӴ Ẕ҃ Ӕ֪ІП ếᵛⱢɦ ֪ІɧȲ ẔẒ῏ד ᵛҠ ῟Пɦֹו

╓ ɧи ȴ 

Мї ֮ ֫ ד475 Ӣ ПᾭᾓȲ ᴖ ứֹו ╓ и ȴᵅὑ 80

и῏Ȳῶӱ∂ ᾬПֹו ϩЛṜȲ צ П ȷ ╓ и Юὑ 80 100
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῏Ȳῶӱẓֹו ϩЛṜП ȷֽи ὑ 100и῏Ȳ⁄ וֹ ׄԓϱП ȴ 

Ѡᾎױ ∂ ᾬП ὑἉ Ȳṳѹ Ёᶼ ⇔
'

cf Ɫ 160 kgf/cm
2Ȳ

П Ԇ ⇔ yf Ɫ 2800 kgf/cm
2Ȳϡ ѿϱᴟ⅞ П ᴯ ꞋⱢ 900 kgf/m

2ȴ 

ѿϱ ȲҠѿϯה ῟ Ӑֹו ἤ Eȸ 

ä ³

ä+ä+ä+ä
=

codef

RCWCBWBW

ZA

AAAA
E

10

)855.0( 34  (2.21) 

ẔМȲ 

ä 4BWA ȸ Ϛ (ҳ ḇ)Ȳ ᴯ cm
2
  

ä 3BWA ȸ Ϛ (Ϯ ḇ)Ȳ ᴯ cm
2
  

ä CA ȸ Ϛ RC▀ Ȳ ᴯ cm
2
  

ä RCWA ȸ Ϛ RC Ȳ ᴯ cm
2
  

fA ȸ ϡ ѿϱ ֮ὰ Ȳ ᴯ cm
2
  

codeZ ȸ ᴩֹו П …   

Ӧ› Ḗ Ӑֹו ἤ EȲỮ ֪І Ẕ Ӕȴ ▲֪ІԚצг Ȳи

ᵑⱢȸ(1)ӂ цӴ ἤ q1Ȳ(2) ἤ q2Ȳ(3) Ѭ ⇔ q3Ȳ(4) ᶮ

⇔ q4Ȳ(5)ӂ וֹ ἤ q5Ȳ(6) ▀ ἤ q6 Ȳṳѹứ ֪І QⱢг

֪ІП ֽϯה 

654321 qqqqqqQ ³³³³³=  (2.22) 

ȲҠứױ֪ וֹ ╓ IsⱢ Ӑֹו ἤ ֪ІП ֽϯה 

QEI s ³=  (2.23) 
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ῶ 2.5 ‍ẕ₤ וֹ῟ ϩῴḔ ᴷῶ 

 

ɚ ẃ ȸ‍ẕ₤ וֹ῟ ϩῴḔ ᴷῶɛ 
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ҳ  ∂ ᾬֹו ϩῴḔ ᴷ  

ѡӐӦ Homeadvisorὑ ד2012 Ϛ צ וֹ ϩῴḔ ᴷᾼ APPɎֹו

ɏȲֽ 2.2ἬӱȲ ᾼה ᵂ ὔȲ ἪІȲṳ֫כ▲ 10 Ȳֽ∂

ᾬ∂ Ȳֽ 2.3~ 2.4ἬӱȲṿӣ῏― ᴞ וֹ ϩ ᴷȴ ṿӣ῏

ᴞ׃ ὔᾼֹו ᴷȲҠṿḳ Ӣ ᵅȲӼҠ ԒϠ Ἢ⅞ ᾭȴ 

ᴷӣ APP Ҡѿ њ в∂ᾼѬӂ ∂ ᾬᾼ ⇔Ȳ ∂ ᾬ╥

ᵡ Ȳֽ 2.5~ 2.8ἬӱȷӼҠ њ М GISἨӦṿӣ῏ᴞА Ϥ֮ᵿᴖ ẞ∂

ᾬ֮ ⇔Ȳֽ 2.9~ 2.11Ἤӱȴ 

∟ ∂ ᾬ ȳ ⇔ȳ֮ П ᴷ Ὠ ֥ Ȳ ẞ וֹ∟ ϩ ᴷ

Ὠֽ 2.12Ἤӱȴ 

 

ו2.2ֹ  

ɚ ẃ ȸAppBankɛ 
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2.3∂ ᾬֹו ד  2.4∂ ᾬֹו Ὠ 

  

2.5∂ ᾬ ⇔  2.6∂ ᾬ ⇔ 
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2.7∂ ᾬ ⇔  2.8∂ ᾬ ⇔ Ὠ 

  

2.9֮ ᴷ 2.10֮ ⇔ 
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2.11֮ ᴷ Ὠ 2.12 ֥ ᴷ Ὠ 

ɚ ẃ ȸAppBankɛ 
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Ϯ  Ё∂ ᾬֹו ϩῴḔ ᴷ 

27 

 

Ϯ  Ё∂ ᾬֹו ϩῴḔ ᴷ 

Ϛ  ›ṕ 

ӐѝἬ ӣПֹו ϩ ᴷѠᾎѻ в╜ ∂ ṅἬὑשׁ ỗד2014 ᶚ

ПׁשṅכὨ ᴩ ḂȲׁש ᾪ∂ ᾬֹו ϩῴḔ ᴷѠᾎȲ֝

ứἤ ứ ẒЄ ᴩֹו ῴ Ȳ ᴷ ὨПֹו ϩׄԓ ⇔ѿи ῶӱȲ

ṿӣ῏ Ԓ ҏֹו ϩ П∂ ᾬȲ Ԓ ᴩֹו ϩ ᴷ ȴ 

Ӑ ᴷѠᾎԚצ 15 ӭȲứἤ ᴷ и Ṇ ȳ ц ᾓи

Ϯכ иȴẔМ Ṇ צ ῏ צ 7 Ȳ צ ῏ צ 3 Ȳ

ᾓצ ῏ צ 3 ȲԚᴾ 13 Ȳứ ᴷ 2 ȴ֢ ӭṼẔ ἤ СЛ֝ иȲ

иП ếⱢ 100иȴ֢ ӭ ᴷв ȲḟứẔ Ȳṳ иד ȲᵛҠ

ӭП иȲ15 ӭᾼ иדҒ и Ȳ ∟ Ӧ ∂ Ἠᶾ

ᾭᾓ С ҵ ȳ иȴ 

и Єὑ 60иȲ⁄ῶӱ ∂ ᾬᾼֹו ϩ צ ȷ Юὑ 45иᴟ 60иП

Ȳ⁄ῶӱ ∂ ᾬᾼֹו ϩצ ȷ Юὑ 30иᴟ 45иП Ȳ⁄ῶӱ ∂ ᾬᾼ

וֹ ϩ צ ȷ ᵅὑ 30иȲ⁄ῶӱ ∂ ᾬᾼֹו ϩỮ ȴ 

 

  



Ё∂ ᾬֹו ϩῴḔ ᴷӂү ӣ 

28 

 

ϡ  Ӑ ῶ 

ῶױ נּ… ᴷ П Ӑ Ȳֽῶ 3.1ἬӱȲ ԝֽϯȸ 

∂ᾬ֤ ȳ∂ᾬ ȳ ᴷ῏ȳ ᴷѡ ȳ∂ᾬ֮ᵿȳ ȳ∂ᾬ⇔ד ⇔ȳӣ

… ȳ֮ ȳ֮ϱ ȳ֮ϯ ȳ∂ ᾬи ȴ 

ӣ … Ҡ ∂ ᾬֹו ȲṼ ∂ ᾬ ⇔ṼᶧиⱢ Ϛ

∂ ᾬȲI Ɫ 1.5ȷ ϡ ∂ ᾬȲI Ɫ 1.25ȷ Ϯ ∂ ᾬȲI Ɫ 1.0ȴ 

֮ Җִ֮יҵȲṼ Ẕ֮ ⇔(ѿ֮ῶ ϯ 30еѐПЁ ϩᾌ

30SV ḟứП)ṼᶧиⱢȲ Ϛ ֮ Ȳ  27030²SV (m/s) ȷ̓͂ ϡ ֮ Ȳ 270 180 30<¢ SV (m/s)

ȷ̓͂ Ϯ ֮ Ȳ 18030<SV (m/s) ȴ̓͂ ПҵȲ֮ױ ӼҠ МҶ֮ Ἤ ᾼɦgeo2010ɧ

▲ ȴ 

∂ ᾬи иȲиⱢṼ ȳ ȳṿӣӣה₤ ᴩи ȴẔМ ∂ ᾬ

Ṽ и ȲҠиⱢХ ѿϯἨг ѿϱȷṼ иה₤ ȲҠиⱢϚ RC∂ᾬȳ

Ғ ( щ )ȳẓ ∂ᾬἨẔһȲ ɦẔһɧ῏ Ӧṿӣ῏ᴞᴩ ȷṼ ṿ

ӣӣ и ȲҠиⱢ е⅍ȳе ȳ ֥ᴰ׃ȳ ȳᴰ ֥ȳἨẔһȲ ɦẔһɧ

῏ Ӧṿӣ῏ᴞᴩ ȷӐ ᴷ ᴕ ȲҠ ȳ ȳ ▲Ἠ ᴷȴ

נῶּױ П Ҡẁ∟ ῶ -ɦ∂ ᾬֹו ϩῴḔ ᴷῶɧ ɦ ȳứ ᴷῶɧ

Ἤṿӣȴ 

ῶ 3.1∂ ᾬ Ӑ ῶ 
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ɚ ẃ ȸӐׁשṅ ᵂɛ 
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Ϯ  ∂ ᾬֹו ϩῴḔ ᴷῶ 

∂ ᾬֹו ϩῴḔ ᴷῶѻ иⱢứἤцứ Ẓ иȲֽῶ 3.2ἬӱȲẔМứἤ

ᴷМҠиⱢ Ṇ ȳ ȳ ᾓϮЄ ȲԚ 13 ȴứװ ᴷ 475

֫ד ֮ ц ֫ד2500 ֮ ֢ᵑ ∂ ᾬ XȳY ẒѠֹ֣ו ϩ ȲԚ 2

 ȴװ

ῶ ו3.2ֹ ϩῴḔ ᴷῶ 

 

ɚ ẃ ȸӐׁשṅ ᵂɛ 

Ϛȳ Ṇ  

ɖ װ B101ɗ Лứ ⇔ 

Лứ⇔ ᵅᾼ∂ ᾬὑ֮ ẃ Ȳ ὔ Ӣ᷁ П ᶮȲ╝ ᾬ ⇔

юȲ ∂ ᾬֹו ϩ Лᵓȴױ иⱢ ȳ ȳϮ ȳҳ ѿϱẁṿӣ῏ ȴ 

ɖ װ B102ɗ֮ϯ⅍ ѩȲra 

∂ ᾬᾼ֮ϯ⅍ ֽὨ ЄȲ֮ ἭắПЁ ϩ ЊȲ Ϸѩ Л

Ӣ ḛ П ȴ֮ϯ⅍ Ҕᵶ ┤ Ȳ∂ …֮ ѿϱ∂ ᾬᾼ᷾
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Ȳֽ 3.1ἬӱȲraП ѠהⱢ A2/A1ȴ 

  

3.1֮ϯ⅍ ѩ 

ɚ ẃ ȸӐׁשṅ ᵂɛ 

ɖ װ B103ɗӂ ἤ 

ᾬὂᶼ֮ ϩП ḊֽҿҢȳ›∟ Ȳ⁄⁬⇔Мї Мї Л ыצ

Єᾼ їȴֽצṷ Ḋ Л Ȳ⁬⇔Мї МїҠ Єᾼ−צ ї Ȳ֮

ὔ Ӣ Єᾼ᷁ ч Ȳ Ғ Ḋᾼвϩ ᾼҠ ἤȴ 

ᴷ ҠṼ ӂ Л ⁄ᾼ ứ ᵒ Ȳ С ᾼ ȴ 

ɖ װ B104ɗӴ ἤ 

ᾬὂᶼ֮ ϩᾼ ḊֽὨ֯Ӵ ϱ Ȳ⁬⇔ḥצыЄᾼ оȲ⁄Ẕ֮ ᾼ

ч ὔ ȴ ᾬ צ ᾼ ȲἨẂֽ ϩ ẞϚҙ ⇔МѦȲᶁὔ כ

Ӵ ϱ⁬⇔ Єᾼ оȲ֮ ӢЛὔ ч Ȳ ᾬᾼֹו ׄ

ԓȴ 

ᴷ Ҡ Ӵ Л ⁄ἤᾼ ứ Ȳ С ᾼ ȴ 

ɖ װ B105ɗ П ѩ b 

П ѩⱢ П ⇔ צ ᾼѩ ȲẔ ЄȲ Ӣ Ԇᾼ ЄȲ

ἤ Ṿȴѩ b ЊȲ Ӣ ϩ ᾼҠ ἤ ҒȲ ᾬ֪ױ Лẓ ἤȲ

וֹ ϩ ȴ Ёֹו П ᵑ ứȲẓ ἤ П ⇔Л Њὑҳ

֮

A2

A1
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צ ȴ 

ױ ╚ ∂ ᾬ ẕ₤ᾼ ᴩ ᴷȲЛ ᵑ ᵂⱢ ᴷ ȴṼ ᴷв

ẁᾼ еהẃ Ȳ b Єὑ ὑ 8.0 ȲẔ Ɫ 0Ȳ b ЊὑἨ ὑ 3.0

ȲẔ Ɫ 1.0ȲẔ ⁄ѿв ȴ 

ɖ װ B106ɗ▀П ѩ c 

▀П ѩⱢ▀П ᾘ֮ ϩѠ֣П▀ ᾼѩ Ȳױ ЄȲ Ӣ Ԇ

ᾼ ЄȲ ẓ ἤȴѩ c ЊȲ Ӣ ϩ ᾼҠ ἤ ҒȲ ױ֪

Лẓ ἤȲֹו ϩϷ ȴ 

ױ ╚ ∂ ᾬ ẕ₤ᾼ▀ ᴩ ᴷȲЛ ᵑ ▀ᵂⱢ ᴷ ȴṼ ᴷв

ẁᾼ еהẃ Ȳ c Єὑ ὑ 6.0 ȲẔ Ɫ 0Ȳ c ЊὑἨ ὑ 2.0

ȲẔ Ɫ 1.0ȴ 

ɖ װ B107ɗ ἤ 

∂ ᾬᾼϚ ֪ ὍῈ ἨᵂⱢ ӣ ṿӣȲϡ ѿϱᾼ‍ RC Ἠ

ḥצϯẞϚ Ȳ ṿϚ П ϩ ⇔ ᵅȴ֮ ẃ ȲϚ Ԓ Ӣ ȲẔ

ἤӣ ∟Ȳ∂ ᾬ Ӣ ȲẔ ᾼֹו ϩ −ᵅȴ 

ϷЛϚứ Ӣ֯Ϛ Ȳ֪ױ █צ П ϩ ⇔Ὑ ᵅὑẔד П

ϩ ⇔Ȳ ᴷ Ẕ ϩ ⇔ ἤẃ ᴩ ᴷȴ ᴷ ‍ RC

ПиᵉӼ Ғѿᴕ ȴ 

ϡȳ  

ɖ װ B208ɗ (Ӧ ⇔ד ᴷ) 

ᾬ╥ ⇔ ἤẃὂᶼ֮ Ȳ ἤ וֹ ϩяⱢ ȴ֪ױ ЁЏ

Пֹו ᵑ ứ ứ П ḇ Ȳᶦ Ғ П

פ ἤȳ Ṕẃ ẞ Ғ ᾬ ἤ ᾼӭᾼȴ 

ȳ▀ ȳ ϩ ᾼ ꜜ Ḋѿц ▀ Ȳ ╥ ᾃ ᾼ Ȳ

ӣ ȳ Ѡ ẃ ᴷẔ ẞ Ḗᾼ ⇔ȴ ֪ῴ Лὔ῀



Ϯ  Ё∂ ᾬֹו ϩῴḔ ᴷ 

33 

 

Ȳᴖ П ứ… ᶙ Ȳ╝ѿ ẃ⇔ד ᴷױ ӭȴ 

ɖ װ B209ɗ үȳ כ ▀ ἤ 

ү ▀ Ȳ כ ▀ȴ Ϡᵮן Єᾼ֮ ϩҵȲẔ ϷҠה Ӧ

Ɫ ἤ ᾼ ϩ Ȳṿ וֹ ϩ ᵅȴ 

Ẓ Ȳ▀צ ϱ Ӣ ▀Ȳ ὔ Ӣ ϩ ȲϷ ᵅֹו ׄԓȴ 

ᴷ Ṽ ױ ▀П ᾼֵ Ẕ ѩẃ ᴩ ᴷȲṳ С ᾼ ȴ 

ɖ װ B210ɗ כ ἤ 

צ ⱢϠ ṛ Ȳ ṿ ‍ ṳӑ ▐ᾼẒ▀П Ȳᴖ צ ᾼ ȴ

֮֯ і ᾼ ϩȲᵀ ЛЄȲ֪ױ Ӣ Лẓ ἤᾼ ϩ Ȳ

ᵅϠ∂ ᾬᾼֹו ϩȴ 

ᴷ Ṽ ױ П ᾼֵ Ẕ ѩẃ ᴩ ᴷȲṳ С ᾼ ȴ 

Ϯȳ ᾓ 

ɖ װ B311ɗ▀П ⇔ 

Ё▀֪ҵ֯ ḊἬ Ἥắᾼ ⇔Ȳ ֽ Ё’ ȳ

Ё ẚ Ȳ ѻ ӑ ữȲ ӑ Ἠ Ȳᵀ ׄԓȴ 

ᴷ Ṽ ᾓ▀П ⇔ẃḟứ Ȳֽῶ 3.3ц 3.2Ἤӱȴ 
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ῶ 3.3▀П ⇔ 

▀П ⇔и  

⇔ в  

ắ ( ) ԉᴶ  

⇔ (ᵅ) ӣᴚ ᵛҠכẞẔ ( ⇔<0.2mmѿϱ)ȴ 

М⇔ (М) 
צ Є Ȳᵀ Ё ’ ( ⇔

0.2mmѿϱ)ȴ 

( ) 
’ ⇔ЄȲ и Ἠ Ȳѻ Ҡ

ữȴ 

ɚ ẃ ȸḳ ∟֚ ∂ ᾬ ≡ ᴷὙ ῶȲ2010ɛ 

 

3.2▀П ⇔ 

ɚ ẃ ȸḳ ∟֚ ∂ ᾬ ≡ ᴷὙ ῶȲ2010ȳӐׁשṅ ᵂɛ 

ɖ װ B312ɗ П ⇔ 

Ё ֪ҵ֯ і ḊἬ Ἥắᾼ ⇔Ȳ ֽ Ё’ ȳ

Ё ẚ Ȳ ѻ ӑ ữȲ ӑ Ἠ Ȳᵀ ׄԓȴ 

ᴷ Ṽ ᾓП ⇔ẃḟứ Ȳֽῶ 3.4ц 3.3Ἤӱȴ 
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ῶ 3.4 П ⇔ 

П ⇔и  

⇔ в  

ắ ( ) ԉᴶ  

⇔ (ᵅ) ӣᴚ ᵛҠכẞẔ ( ⇔<0.3mmѿϱ)ȴ 

М⇔ (М) 
Ѭӂ֣ ֵѹἋᴼᴟ▀Ȳצ ֣ Ȳᵀӑṓ в

ѻ ( ⇔ 0.3mmѿϱ)ȴ 

( ) 
Єצ П ֣ ȲҠṓ вѻ ᵀӑἮ Ȳ ▀П

’ ȴ 

ɚ ẃ ȸḳ ∟֚ ∂ ᾬ ≡ ᴷὙ ῶȲ2010ɛ 

 

3.3 П ⇔ 

ɚ ẃ ȸḳ ∟֚ ∂ ᾬ ≡ ᴷὙ ῶȲ2010ȳӐׁשṅ ᵂɛ 

ɖ װ B313ɗ Ѭ ⇔ 

Ё Ḋֽ֪֕оἨ ⇔ЛṜȲ Ӣ ֵ ȴ Ӣ∟ȲѬ ὔ

ϤȲῶ ᾼ ὔ Ӣ Ȳ Ϸ ᵅ Ḋᾼ ⇔Ȳṳ Ӣ Єᾼ ᶮȴ ᴷ

ѿױ ᾼ ἤẃḟứ ȴ 

ҳȳứ ᴷ 

ɖ װ B414ɗ475וֹד ϩῴḔ ᴷ 

Ϛ ∂ ᾬПֹו ϩҠѿϚ ▀ П ⇔ ἤ ᵡὂᶼ֮ ӢПѬӂ

ϩ ᶮᵒᵑȴ֪ױȲ Ϛ П ϩ ⇔Ҡ ᴷ ∂ ᾬП Ԇ֮ῶҒ
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⇔ȴẔװԛѿᴷ ҏП ἤ Ȳ ҠῴḔ ᴷ ∂צ ᾬПֹו ϩ 1cA ȴ ∂

ᾬֹו ϩ 1cA ∂ ᾬֹו ц ứП ṿӣד50 в 10% Ȳ

ᵛ֮ ֫ Ɫ וПֹד475 Ḗ 475A ѩ Ȳ Ҡ῀ וֹ ϩЛṜἨẓ П ⇔ȴ

10.25
475

1 ¢<
A

Ac Ȳứ ѿ )1(
3

4

475

1

A

A
w c-= ȷ 0.1

475

1 >
A

Ac Ȳῶӱ ֥ ᴩֹו

Ȳ С 0ȷ 25.0
475

1 ¢
A

Ac Ȳῶӱ∂ ᾬПֹו ϩӑ ᴩֹו

ᾼ
4

1
Ȳ С 1ȴ 

1 1

475 475

1

475

1

475

4
(1 ) ;0.25 1

3

1.0 ; 0.25

0 ; 1

c c

c

c

A A

IA IA

A
w

IA

A

IA

ë
- ¢ ¢î

î
î
= ¢ì
î
î

>î
í

 (3.1) 

ɖ װ B415ɗ2500וֹד ϩῴḔ ᴷ 

Ϛ ∂ ᾬПֹו ϩҠѿϚ ▀ П ⇔ ἤ ᵡὂᶼ֮ ӢПѬӂ

ϩ ᶮᵒᵑȴ֪ױȲ Ϛ П ϩ ⇔Ҡ ᴷ ∂ ᾬП Ԇ֮ῶҒ

⇔ȴẔװԛѿᴷ ҏП ἤ Ȳ ҠῴḔ ᴷ ∂צ ᾬПֹו ϩ 2cA ȴ ∂ ᾬ

וֹ ϩ 2cA ∂ ᾬֹו ц ứП ṿӣד50 в 2% Ȳᵛ֮

֫ Ɫ וПֹד2500 Ḗ 2500A ѩ Ȳ Ҡ῀ וֹ ϩЛṜἨẓ П ⇔ȴ

10.25
2500

2 ¢<
A

Ac Ȳứ ѿ )1(
3

4

2500

2

A

A
w c-= ȷ 0.1

2500

2 >
A

Ac Ȳῶӱ ֥ ᴩֹו

Ȳ С 0ȷ 25.0
2500

2 ¢
A

Ac Ȳῶӱ∂ ᾬПֹו ϩӑ ᴩֹו

ᾼ
4

1
Ȳ С 1ȴ 
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2 2

2500 2500

2

2500

2

2500

4
(1 ) ;0.25 1

3

1.0 ; 0.25

0 ; 1

c c

c

c

A A

IA IA

A
w

IA

A

IA

ë
- ¢ ¢î

î
î
= ¢ì
î
î

>î
í

 (3.2) 
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ҳ  ∂ ᾬֹו ϩ ᴷ 

ᴩֹו ϩῴḔ ᴷ ѿứἤ ᴷⱢ ȲכὨṏ֕ậḟὑ ᴷ῏ᴞӦї Ȳצȳ

ᾼ ᴷ῏Ҡ ᴷ Ὠ ЄȲ ἤ ȴױᾎᵓӣứ ᴷѠהȲ

ᶦ ẞЛ֝ ᴷ῏Ἤ ẞ ᴷ ὨꞋ֝דȲṿֹו ϩῴḔ ᴷᾎḆẓⅎ ἤȴ 

Ϛ ∂ ᾬПֹו ϩҠѿϚ ▀ П ⇔ ἤ ᵡὂᶼ֮ ϩ ӢПѬ

ӂϩ ᶮᵒᵑȴ֪ױȲ Ϛ П ϩ ⇔Ҡ ᴷ ∂ ᾬП Ԇ֮ῶҒ

⇔ȴẔװԛѿᴷ ҏП ἤ Ȳ ҠῴḔ ᴷ ∂צ ᾬПֹו ϩ Ac1ц Ac2ȴ

∂ ᾬֹו ϩ Ac1 ∂ ᾬֹו ứП ṿӣד50 в 10% 

Ȳᵛ֮ ֫ Ɫ וПֹד475 Ḗ A475ѩ ȷAc2 ∂ ᾬֹו

ứП ṿӣד50 в 2% Ȳᵛ֮ ֫ Ɫ וПֹד2500 Ḗ A2500ѩ

Ҡ῀ וֹ ϩЛṜἨẓ П ⇔ȴ 

Ϛȳ▀П ϩ ⇔ 

RC ▀П ϩ ⇔ѻ Ṽ Ё ᴖ ȴϚ ▀П ϩ ⇔

…ѿ▀ ▀Ἁ ế ѿ▀ ᴖ Ȳ ▀ ,CT cM ▀Ἁ CBM ֝ד

(ἕ ▀Ӑṝᴞ )Ȳ֪ױ ҠӦ ▀П ϩ ḖȴӐׁשṅ ∂ ᾬϡ ѿϱ

ⱢϚ П▀ RC ᶁлἭắȲ֪ױ▀ ϩҠӦϯהḖ ȸ 

,

,

1

2
D L

ni col i

col i RC

W W

P A
A A

+

= ³
+ä ä

 (3.3) 

ẔМȲWⱢϡ ѿϱ Ȳ ,col iA ⱢϚ ▀П Ȳ RCA ⱢϚ RC П ȴ 

Ɫṿ ᴷ ⇔ ᶶ ὔȲӐׁשṅ ᶮ▀ ᴯ ѐЉῶӱֽ 3.4Ἤӱȴ

ֽ Ɫ 10 Ȳṿӣ῏Ҡ᾿ Ẕכ ѩȲѿױѠה ϤӐׁשṅ П

וֹ ϩῴḔ ᴷῶМȲ ה ᴞ כ 8 Ȳᴖ ᶮ▀ ᴞ כ 6 Ȳṿӣ῏

ᴞᴩ Ϛ Ϥ Ȳᶦ ẞѠ― ᶶ Пғ ȴӐׁשṅ ▀ ϩ

⇔Ȳ ᶮ▀П Ḕ ֽϯȸ 
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Ԓ Мἤ x Ȳṳᵓӣ Ё еֽהϯȸ 

'

10.85c c cC f xBb=  (3.4) 

' ' ' '

' ' '

6120
( ( ) 0.85 ),

( 0.85 ),

s c s y

s

s y c s y

A x d f
xC

A f f

e e

e e

ë
- - ¢î

=ì
î - >í

 (3.5) 

1 1

1

1 1

H6120
( ),

2

,

c
s s y

s

s y s y

A x
T x

A f

e e

e e

ë
- ¢î

=ì
î >í

 (3.6) 

2 2

2

2 2

6120
( ),

,

s s y

s

s y s y

A d x
T x

A f

e e

e e

ë
- ¢î

=ì
î >í

 (3.7) 

ᶮ▀П ⇔ Ḕ ֽϯȸ 

2
'0.85 ( sin cos )

4

c
c c

D
C f a a a= -  (3.8) 

' ' ' '

' ' '

6120
( ( ) 0.85 ),

( 0.85 ),

s c s y

s

s y c s y

A x d f
xC

A f f

e e

e e

ë
- - ¢î

=ì
î - >í

 (3.9) 

1 1

1

1 1

6120
( ),

2

,

c
s s y

s

s y s y

D
A x

T x

A f

e e

e e

ë
- ¢î

=ì
î >í

 (3.10) 

2 2

2

2 2

6120
( ),

,

s s y

s

s y s y

A d x
T x

A f

e e

e e

ë
- ¢î

=ì
î >í

 (3.11) 

ᶮ▀ (3.4)ẞ(3.7)הȲᴖ ᶮ▀ (3.8)ẞ(3.11)ה ▀ ϩ niP ᴩϩӂ Ȳֽ ϯȸ 

, , ,1 ,2Pni c b s b s sC C T T= + - - (3.12) 

ЛכӴȲ⁄ x Ȳṳ (3.4)ẞ(3.7)הἨ(3.8)ẞ(3.11)ה᾿ẞ(3.12)

ӴȴᵛҠכה Мἤ xȳ Ё ϩ cC ȳắ Пϩ sC ȳМ ПἮ

ϩ 1sT ȳἉ ПἮ ϩ 2sT ȴ 

ẔМȲ cC Ɫ▀ Ё ϩȲ cBⱢ ᶮ▀П ⇔Ȳ cH Ɫ ᶮ▀П ⇔Ȳ cD Ɫ ᶮ

▀П᾿ Ȳ sC Ɫ▀ắ Пϩ Ȳ2aⱢ ᶮ▀ Ё ϩ Ἤ כ ᶮПṔ⇔Ȳ
'

sAⱢ
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▀ ϩ (Ӑׁשṅ ᶮ▀ 3 ѻ Ȳ ᶮ▀ 2 ѻ )Ȳ
'

seⱢ▀ ϩ

П ȷ 1sT Ɫ▀М ПắἮϩȲ 1sA Ɫ▀М ПắἮ (Ӑׁשṅ ᶮ

▀ 2 ѻ ȲȲ ᶮ▀ 2 ѻ )Ȳ 1seⱢ▀М ắἮ П ȷ 2sT Ɫ▀Ἁ

ПắἮϩȲ 2sA Ɫ▀Ἁ ПắἮ (Ӑׁשṅ ᶮ▀ 3 ѻ ȲȲ ᶮ

▀ 2 ѻ )Ȳ 2seⱢ▀Ἁ ắἮ П ȴ 

Ἦϩ 2sA ᴯ ậ ӂ Ȳv ѿϯה ᶮ▀ ▀П▀ ,CT cM

▀Ἁ CBM ȴ 

'1
1

''

,

( ) ( )-T ( )
2 2=

c
c s s

CT c CB ni

ni

Hx
C d C d d d

M M P d
P

bë ûè ø
- + - -î îé ùî î

= ³ -ì üé ù
î îé ù
î îê úí ý

 (3.13) 

ѿϯה ᶮ▀ ▀П▀ ,CT cM ▀Ἁ CBM ȴ 

3
'

1
''

,

sin
( ( ( ))) ( )-T ( )

2 3 sin cos 2=

c c c
c s s

CT c CB ni

ni

D D D
C d C d d d

M M P d
P

a

a a a

ë ûè ø
- - ³ + - -î îé ùî î-= ³ -é ùì ü

é ùî î
é ùî îê úí ý

 (3.14) 

ẔМȲ ''d Ɫ ἤМї Ἦϩ П ȲӦὑӐׁשṅ Ȳ֪ױ ἤМїᵛ

Ɫ ӔМ ȴ 

Ӧ ,CT bM ,CT cM Ẓ῏ậЊ ȲᵛҠ ῀▀ ᴶ ạȲ֪ױ▀ Ҡ

Ӧϯהḟứȸ 

, ,min[ , ]CT CT b CT cM M M=  (3.15) 

▀ ▀Ἁ ∟ȲҠӦϯה ▀Ἁ פ П ϩ ⇔ ,m coliV ȴ 

,

1

CT CB
m coli

M M
V

h

+
=  (3.16) 
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ᴖȲϱהἬ П ϩ ⇔…Ɫ ᴩⱢפ ạȴ ᶮ▀П ϩ ⇔ Ἤ ӢП

ϩ ⇔ suiV ҠӦϯה ȸ 

'0.53 /sui c c v yvV f B d A f d S= +  (3.17) 

ᶮ▀П ϩ ⇔ Ἤ ӢП ϩ ⇔ suiV ҠӦϯה ȸ 

'0.53 /sui c c v yvV f B d A f d S= +  (3.18) 

ẔМȲ vAⱢᾘ▀ ֣ ȳ П Ȳ yvf Ɫ ϩ ⇔ȲSⱢ ȴ 

∟ậẒ῏ ЊП ϩ ⇔ȲᵛⱢ▀ ϩ ⇔ coliV Ȳֽϯȸ 

,min( , )coli m coli suiV V V f= ³ (3.19) 

ẔМfⱢ ϩ ⇔ Ӕ… ȲẔ ứ ֽϯ( ᴕ 3.5)ȸ 

,

, ,

,

0.9,( / ) 1

0.1 0.8( / ),0.5 ( / ) 1.0

0.5,( / ) 0.5

m coli sui

m coli sui m coli sui

m coli sui

V V

V V V V

V V

f

ë >
î
= + < ¢ì
î

¢í

 (3.20) 

 

3.4▀ ᴯ  

ɚ ẃ ȸӐׁשṅ ᵂɛ 

Bc

Hc

Hc/2

dô

0.003

x
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3.5▀ ϩ Ӕ…  

ɚ ẃ ȸӐׁשṅ ᵂɛ 

ϡȳ П ϩ ⇔ 

RC П ϩ ⇔ swiV ᴕ Ё П ֽϯȸ 

'(0.53 )swi c t y b bV f f T Wr= +  (3.21) 

ẔМȲ trⱢ ֣ ѩȲ bT Ɫ ⁴Ȳ bW Ɫ  ⇔ȴ 

ПѬӂ ϩ ⇔Ȳ ᴕ Ёֹו ϩ ᴷњҌПѬӂ ϩ ⇔ȲẔМҳ

ḇ 4bw iV ҠṼϯԝеה ȸ 

( )tan /b bH Wq² ȸ 

4 ( 0.45 )bw i b b f b mbtV T W H ft= ³ ³ + ³  (3.22) 

( )tan /b bH Wq< ȸ 

'

4 1 1[  ( ) (0.45 0.45 ) / 2]bw i b b f mbt b mbt btV T W H f H H f ft a= ³ ³ + ³ + - ³ +  (3.23) 

ϱהМȲ 1 tanbH W q= Ȳ
' min( , )b b bH H W= Ȳ

0.3381.0797( )mbt mcf f= Ȳ 0.22bt bcf f= Ȳ

0.8850.0337( ) (0.654 0.0005047 )f mc mc Nf ft s= + + ȴ 

ẔМȲ bW Ɫвׂש аП ⇔Ȳ bH Ɫвׂש аП ⇔Ȳ bT Ɫ ⁴⇔Ȳ

colim

sui

V

V

,1

▀ ϩ ạ ▀ פ ạ

0.5

᷉ … ( )=0.5

᷉ … ( )=0.9
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aⱢ ⇔ Ӕ… (∂ ậ 0.45)ȲqⱢ П ꜜ Ṕȴ 

Ϯ ḇ 3bw iV ҠṼϯԝеה ȸ 

3 2( 0.45 )bw i b b f mbtV T W H ft= ³ ³ + ³  (3.24) 

ϱהМ 2 0.5 tanb bH W Hq= ¢ ȴ 

ḇ 2bw iV ҠṼϯԝеה ȸ 

2 ( )bw i b b fV T W t= ³ ³  (3.25) 

Ϯȳ Ԉ ᶧ 

֮ ẃ Ȳ∂ ᾬ…Ӧ▀ȳRC Ԛ֝ὂᶼȲ Ϯ῏ ᶧЛ֝ȲЛ

ыҠ ֝ ẞ Ԉ ⇔ ἤȴ֪ ṅשȲӐׁױ RC (j=1)ȳ (j=2) ▀(j=3)

Ԉ֢ᴞ ⇔ ἤ҉и Ȳ Ẕ ḊП ⇔ ἤ᷉ … ȴ ∂ ᾬ

Ϛ ϩ ⇔ ujV Ȳ С ᷉ … ֽϯהȸ 

uj vcj coli ci vsj swi swi vbj bwi bwiV C V N C V N C V N= ³ + ³ + ³ä ä ä ȷj=1~3 (3.26) 

ϱהМ 4 4 3 3 2 2bwi bwi bw i bw i bw i bw i bw i bw iV N V V V V V V³ = ³ + ³ + ³ä ä ä ä ȴ 

ẔМȲ ciN Ɫ ▀І Ȳ swiN Ɫ RC Ȳ bwiN Ɫ Ȳ vcjC Ɫ▀ПѬ

ӂ ϩ ⇔᷉ … Ȳ vsjC Ɫ RC ПѬӂ ϩ ⇔᷉ … Ȳ vbjC Ɫ ПѬӂ ϩ

⇔᷉ … ȴ 

Ғ ӂᶁ ἤ ϱ֢ᴞ … Ҡῶӱֽϯȸ 

*
( ) ( ) ( )

Rcj col vcj coli ci Rsj sw vcj swi swi Rbj bw vbj bwi bwi

j

vcj coli ci vsj swi swi vbj bwi bwi

C R C V N C R C V N C R C V N
R

C V N C V N C V N

³ ³ + ³ ³ + ³
=

³ + ³ + ³

ä ä ä

ä ä ä
ȷj=1~3 (3.27) 

ẔМȲ RcjC Ɫ▀П ἤ᷉ … Ȳ RsjC Ɫ RC П ἤ᷉ … Ȳ RbjC Ɫ П ἤ

᷉ … ȴ… colR ȳ swR ц bwR צ⇔ד Ȳ∂ ֽῶ 3.5Ἤӱȴ 
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Ӑׁשṅׁש ▀ ԈⱢϚ Ȳֽה₤▐ 3.6Ἤӱȴ▀ Ɫ 50 cm×50 cmȲ’

Ɫ 3 cmȲѻ Ɫ 8-#7Ȳ Ɫ#3@25 cmȲ ⇔Ɫ 40cmȲ ⇔Ɫ 50 cmȴRC П

⇔Ɫ 270 cmȲ ⇔Ɫ 550 cmȲ⁴⇔Ɫ 15 cmȲẔ 0018.0=r ȴ ⇔ ⇔

RC Ȳ⁴⇔Ɫ֝ד 1B ⁴Ȳ Ɫϡ ϚϜׂשᾎȴ֢ ḊПḊ Ꞌ֝דȲ Ё

ᶼ ⇔
2' /160 cmkgffc = Ȳѻ ⇔ 2/2800 cmkgfff yvy == Ȳ+ ᶼ ⇔

2/100 cmkgffmc= Ȳּמ П ᶼ ⇔
2/150 cmkgffbc = ȴ 

Ӧϱ ∂ ₤ṳ Ӧ SERCBиέ Ὠֽ 3.7ἬӱȲ Ɫ֢ Ԉ ᴞṝ

ЄѬӂ ⇔ ẔӔ оȲ ѿѬӂᴯ ѿ▀ ⇔ 270 cmⱢ Ṕ ȴẔМȲ

RC פ Ѧ Ɫ ⇔ ᴟ 0.85Ȳ ▐ Ԇ Ɫ Є ⇔П 0.6 ȴ ֢

ԈП ⇔ ἤ҉и Ȳ ֢ … П ứѠᾎֽϯȸ 

(1) RC ҉и ⇔ ἤ (j=1) 

3.7 ӱȲ RC ἤ҉и Ȳ ⇔Ɫ 0.85ȷ ἤѩ Ẕ ἤ

ᾼ 45%ȲѬӂ ϩ ⇔Ɫ 0.95ȷ ▐ ἤѩ Ẕ ἤ ᾼ 35%ȲѬӂ ϩ ⇔Ɫ

0.65ȴ֪ױȲҠ Ẕ ứ Cvc1Ɫ 0.65ȳCRc1Ɫ 0.35ȳCvs1Ɫ 0.85ȳCRs1Ɫ 1.0ȳCvb1Ɫ 0.95ȳ

CRb1Ɫ 0.45Ԛг … ȴ 

(2) ҉и ⇔ ἤ (j=2) 

3.7 ӱȲ ἤ҉и Ȳ ⇔Ɫ 0.85ȷRC ἤѩ Ẕ ἤ

ᾼ 0%ȲѬӂ ϩ ⇔Ɫ 0ȷ ▐ ἤѩ Ẕ ἤ ᾼ 70%ȲѬӂ ϩ ⇔Ɫ 0.95ȴ

ȲҠױ֪ Ẕ ứ Cvc2Ɫ 0.95ȳCRc2Ɫ 0.7ȳCvs2Ɫ 0ȳCRs2Ɫ 0ȳCvb2Ɫ 0.85ȳCRb2Ɫ

1.0Ԛг … ȴ 

(3) ▐҉и ⇔ ἤ (j=3) 

3.7 ӱȲ ▐ ἤ҉и Ȳ ⇔Ɫ 1.0ȷRC ἤѩ Ẕ ἤ ᾼ

0%ȲѬӂ ϩ ⇔Ɫ 0ȷ ἤѩ Ẕ ἤ ᾼ 0%ȲѬӂ ϩ ⇔Ɫ 0ȴ֪ױȲ

Ҡ Ẕ ứ Cvc3Ɫ 1.0ȳCRc3Ɫ 1.0ȳCvs3Ɫ 0ȳCRs3Ɫ 0ȳCvb3Ɫ 0ȳCRb3Ɫ 0Ԛг …
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ȴ 

Ӧϱ ᵛҠ ứҏ ∂ ᾬϚ ϩ ⇔ Vuj Ғ ӂᶁ ἤ ֢ᴞП

… ֽῶ 3.6Ἤӱȴ 

ῶ 3.5 colR ȳ swR ц bwR П∂ ῶ 

colR ⇔ד  swR  bwR  

ד63 2ѣѿ› 2.4 2.0 3.0 

ד63 2ѣᴟ ד71 6ѣ 3.2 2.0 3.0 

ד71 6ѣᴟ 86ѣ 5ѣ 4.0 2.0 3.0 

ד86 5ѣѿ∟ 4.8 2.0 3.0 

ɚ ẃ ȸӐׁשṅ ᵂɛ 

ῶ 3.6 CvcjȳCRcjȳCvsjȳCRsjȳCvbj CRbjП∂ ῶ 

j 1 2 3 

Vcoi 
Cvcj 0.65 0.95 1 

CRcj 0.35 0.70 1 

Vswi 
Cvsj 0.85 0 0 

CRsj 1 0 0 

Vbwi 
Cvbj 0.95 0.85 0 

CRbj 0.45 1 0 

ɚ ẃ ȸӐׁשṅ ᵂɛ 

 

3.6▀ ▐ӂ  

320 cm

600 cm

550 cm
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ɚ ẃ ȸӐׁשṅ ᵂɛ  
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3.7 иέ оװ֪ Ὠ(RC Ѧ ꞋⱢ 0.85ᾼ ⇔) 

ɚ ẃ ȸӐׁשṅ ᵂɛ 

ҳȳֹו ϩῴḔ ᴷ 

∂ ᾬֹו ц Ҡ Ẕ ֮ ϩ 100V Ȳᴕ ∂ ᾬП

ϩ ⇔Ɫ yu a4.1V)(V 100100 ³= ȴắ ᴷ∂ ᾬП Ԇ֮ῶҒ ⇔ AyjȲ֪ắ∂ ᾬ

МП Ԉ ᶧЛ֝Ȳ╝иᵑѿϯה Ayjȴ 

uu

uj

yj
F

A

V

V
A 475

100)(
= ȷj=1~3 (3.28) 

ẔМȲ ∂ ᾬֹו ц ҠӦ ἤ R uF Ȳױ uF

j ȴ 475A Ɫ֮ ֫ Ɫ ПѬӂ֮ῶҒד475 ⇔Ȳ ∂ ᾬֹו ц

DSSA 4.0475= ȴ 

Ӧϯה
*

ajR Ȳṳѹ ∂ ᾬֹו ц
*

ujF ȸ 

î
î

í

î
î

ì

ë

-
+

-
+

=

 )(
0.2

)1(
1

  )(
5.1

)1(
1

R
*

*

*

үҖִ֮י

Ϛ Џᵿ

j

j

aj
R

R

ȷj=1~3 (3.29) 

0

0.1

0.2

0.3

0.4

0.5
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0.7

0.8

0.9

1
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1.2

0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016
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∂ ᾬẓ ▐ RC ȲRC ѻ ⇔ὂᶼ֮ Ȳᴟ RC ∟Ȳ ▐

⇔ ἤὂᶼ֮ Ȳֽ Ὠ∟῏ᾼ cA ЄȲẔֹו ϩⱢ∟῏ѻ ȴֽ Ὠ RC ѻ ᾼ cA

ЄȲ⁄ RC ∟Ȳ ▐ ὂᶼᾼ cA ЊȲῶӱ RC ∟Ȳ ▐Ϸ Ȳ╝ cA

ѿ RC ѻ ȴ ∟ ∂ ᾬֹו ϩ cA ậЄ Ȳֽϯה  

]3~1;max[ * == jFAA ujyjc
 (3.30) 

Мה *
ujF ὑ ֮ד475 ֫ Пֹו ϩ Ac1 ȲӦ(3.28) Ḗה(3.29) *

ajR ∟

Ṽ Ṇ ֮ ϩ᷉ … uF Пеה Пȷ ֮ד2500 ֫ Пֹו ϩ

Ac2 ȲӦ(3.27) Ḗה(3.28)
*

jR ∟Ṽ Ṇ ֮ ϩ᷉ … uF Пеה Пȴ

ẔМȲ475֮ד ֫ Пֹו ϩ Ac1…ӣ ἤ *
ajR Ȳ2500֮ד ֫ П

וֹ ϩ Ac2…ӣ ἤ *

jR ȴ 
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Х  ∂ ᾬӂӴ ῶ  

נῶ…ӣὑּױ ∂ ᾬӂӴ Ȳֽῶ 3.7Ἤӱȴ∂ ṿӣ῏Ὑ ứ ∂ ᾬМȲ

▀ц Ȳ ứ ᴷ ῶМ▀ȳ Ễ֤Ϛ Ȳ―ὑ▲ ᶶ ῀▀

ᴯ ȴ 

ῶ 3.7∂ ᾬӂ ῶ 

 

ɚ ẃ ȸӐׁשṅ ᵂɛ 
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г  ᾓ ѱῶ  

נῶ…ӣὑּױ ∂ ᾬ ᾓ ѱȲֽῶ 3.8ἬӱȲ ∂ ᾬ ᾓ ѱṼ וֹ ϩ

ῴḔ ᴷῶМ Ȳװ ϤῶМȲṳ ѱ Ὑȴ 

ῶ 3.8 ᾓ ѱῶ 

 

ɚ ẃ ȸӐׁשṅ ᵂɛ 
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ҳ וֹ  ϩῴḔ ᴷ ӂү∂Ӵ 

Ϛ  ›ṕ 

Ё∂ ᾬֹו ϩῴḔ ᴷṆ ╥ ╜вד2014 ∂ ṅἬỗשׁ שׁ

ṅ ɦ Ё∂ ᾬֹו ᴷ ה ӣׁשṅɧПׁשṅכὨ∂ ȴPSERCBἬ

ṿӣֹו ϩῴḔ ᴷѠᾎ֝ ẓצứἤцứ Ẓ ᴷѠהȲ ⇔ Ȳᵀ ᵂ

ϱ Ɫ Ȳ╝∂ PSERCB ḟῴ М ᵺ ᾼ иȲᶦ ṿӣ῏ ӣ

ю Ȳ ẞ ὨȲ ẞᶶ ѹ ҏֹו ϩЛṜП∂ ᾬȴ 

ҟ╜Ἀ  Б ᴩ ֵ∂ ᾬֹו ϩ ᴷȲᵀ ᴷ Ὠ ѿ ӐѠ׀הὍὑ֢

Ȳ ᾎ ᴩ∟ ḆֵѠ ᾼ ӣȲ ϞҠ ȴ ᴷ Ὠ М׀Ὅὑ ӂүȲ

╜Ἀ∂ ᴯҠ ӂүױ ẞ ȳиέȳ Пғ ȲᵂⱢ∟ Є

(Big Data)иέПṼ Ȳ ẞḳ ᾼӭᾼȲ Ḇצ ᾼ ӣȴ 

֪ ד2016 ר0206ּ ֮ ү⁮֮כ ∂ ᾬ ȲϢї Ȳ ֵ∂ ᾬ ᴩ

וֹ ᴷȲⱢ ᶶ ȳצ ᴩֹו ϩῴḔ ᴷȲ ᶚ ṅשׁ

Ϸѿ ᶶ ⇔ PSERCBׁש ᶙכȲṳ ὑ ẁṿӣ῏ ֽ ′Є ױ צ

∂ ᾬȲṳ ᶾ ȳЁѤᶾ ц∂ е Ϡ ֵ Ȳ ẁЏ

Ϛױ ц ᵂѠᾎȲṳ ắ֢ᴯԒ ṓȲṿṆ ֯ ֵ֮Ѡᶁ ᴩ Ӕц

иғ ᾼ Ȳ ӂүḆҒᶙ ȳ―ᵓȴ 

 

ϡ  ᴷ☼  

ᶚ ὑ ╜вד2014 ∂ ṅἬỗשׁ ṅשׁ Пֹו ϩ

ῴḔ ᴷῶⱢ Ȳ ᾼֹו ϩῴḔ ᴷӂүᵂ ☼ ῶӱֽ 4.1Ἤӱȴ ԒȲ

Џ ∂ ᾬП Ӑ ȳḊ ȳϚ Ԉ цֹו ϩῴḔ ᴷῶМứἤ и

ὑ PSERCB ϱᶙכ∟Ȳ ᴞ ᶙứἤ ᴷи Ȳṳѹᵒứ ╥ᵡ
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ᶙ Ȳ Б ᶙ Ȳὑӂү ϱ Ṽ ∂ ᾬֹו ц Ҡ

Ẕ ֮ ϩц Ϯ Ἤ П Ѡᾎ ▀ȳ ▀ȳRC ȳҳ ḇ ȳϮ

ḇ ц ḇ П ϩ ⇔ȴậ ֮ ϩц Ԉ ⇔∟Ȳԛ ϚḔ ∂ ᾬ

וֹ ϩȲ ∂ ᾬֹו ϩц ᾼᾬ цד475 П֮ד2500 ֫ ứ и ȴ

∟ ứἤ ᴷи цứ ᴷи Ғ∟ᵛҠד ẞ ∂ ᾬᾼֹו ϩῴḔ ᴷ

П ᴷ ὨȲṿӣ῏Ӽ ӂү ҏᾼ ᵫ М▲כḆ ᾼ ᴷ ὨȲв Ҕᵶ֢

ԈП ϩ ⇔ȳ∂ ᾬֹו ϩ ȴ 

 

4.1 ᴷ☼  

ɚ ẃ ȸӐׁשṅ ᵂɛ 

 

Ϯ  ғ Ḗиέ 

PSERCBⱢ ᾪ ӣ Ȳѻה ḟṿӣ῏ ᴩֹו ϩῴḔ ᴷ Ȳứ

ϱ Ȳ ṿӣ῏ ᾼ ᵂȲ ϤӇ ᵛҠᶙוֹכ ϩ

ῴḔ ᴷȲѹ Ѡ―ᾼ Ὠꜙᴟᶙכ ᵫ ȴ 

PSERCBẓ Ӑғ Ḗֽϯȸ 

ứ ᴷи
(∟ (ה

∂ ᾬ
(PSERCB)

ứἤ ᴷи
+ᵒ ᶙכ⇔

(› )

ҏ ᵫ

▀ȳRC ȳ
ϩ ⇔

֮ ϩ

וֹ ϩ

ᶙכXȳYẒѠ֣֢Ϛװ
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(1) ᾼЮ о ȴ ᴷ ה ṿӣ῏ ῀ ϤṪṷ Ȳṳі ṿӣ

῏ ᵂӂүȲ ∟ ѿᴍиѩ Ὠ ӱ ᶙכ⇔Ȳ ᵍ ϤЛᶙԓȴ

ҫҵ ᴷи ᾿ ӱὑ› Ю Ȳ ṿӣ῏ ϱ ẞ ᴷῴḔ Ὠȴ 

(2) ẓ ―ᵓἤȴֽҬ Џᵿᴯ Ȳ ᴞה Ṽ М֢ Ӏ ПѬӂ Ғ

⇔Ȳ ∂ ᾬП֮ ϩцֹו ȴ 

(3) ẓ ▀ȳ ▀ȳRC ȳ ϩ ⇔ғ ȴ 

(4) ẓ ∂ ᾬֹו ϩғ ȴ 

(5) ҏ ᵫ ғ ȴֹו ᴷ Ὠ ∟ ѿ ᵫ ӻה₤ ѻȲ╝ ҏ ᵫ

Ɫֹו ᴷ ∟ӭ ȴ 

 

ҳ  PSERCBЮ  

ϚȳPSERCB Ю  

PSERCB ᴷӂү Є ⱢҬ צ ᵛҠṿӣȲЛ ϯ ṳׄ

ὑ Ȳ Л דᾪӐЛצ ҏ ȴ 

ה Ȳ Ԓ ḟứѻ ȴɔ ӣBalsamiq Mockupsѿ Ѡה ứ Ȳ

ֽ 4.2~ 4.6ἬӱȴẔМ П Фᾼדצ ἤȲ 4.2 Ϥ∟ ẞ ױ4.3 Ȳ

ц Ȳṿӣ Ἠ ғ Ȳ ẞ 4.4Ȳὑױ ∂

ᾬ Ӑ ȳḊ ȳứἤȳứ ᴷ цϱ ҉ (ֽ ѱ) Ȳ֫ẞ

ᴩ ᴷц Ὠ ҏȴ 

ᶙכ∟Ȳᵓӣ HTML+CSS+Javascript Ẕ∂ ὑ Ȳ Ὠ ὑӐ г

Њ Ю ȴ 
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4.2 Ϥ  

ɚ ẃ ȸӐׁשṅ ᵂɛ 

 

4.3  

ɚ ẃ ȸӐׁשṅ ᵂɛ 
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4.4  

ɚ ẃ ȸӐׁשṅ ᵂɛ 

 

׀⅔4.5  

ɚ ẃ ȸӐׁשṅ ᵂɛ 



Ё∂ ᾬֹו ϩῴḔ ᴷӂү ӣ 

56 

 

 

4.6 ὑ PSERCBЮ  

ɚ ẃ ȸӐׁשṅ ᵂɛ 

ϡȳPSERCBṆ  

ӭ› Ṇ ∂ ὑ DigitalOcean (DO)ᾼ ӂүϱȲDigitalOcean֯ ԓ ᴾצ ד

ȲⱢϚẓ ứἤếׄԓἤᾼ ӂүȲẔѻ ╥ ẁ IaaS(Infrastrcture as a Server)

╟цὢ ȲἬѿ֯ ֵṆ ếғ ∂ Ꞌ ᴞᴩ ȴ 

Ở PSERCB ἬצṶ ꞋӦ֝Ϛү ȲҔᵶ› ὢ ȳ∂

ᾬֹו ϩ ȳ ѱϱ ц ȳ Ӣ ᴷ ᵫ ȳ ׀ Ȳ∟ ᴩֵϢ

ᴻὢ ᾎ ֝ ӢֵԌ ᵫ ױ Ḗ ЄᾼЏᵂȲⱢ ḟ Ѡ

Ȳ PSERCBἬ ẁᾼὢ иⱢϮ иСϮү ѻ Ȳֽ 4.7Ἤӱȴ 

Ӧ (PSERCB-App-SERVER) › ὢ ȲҔᵶṿӣ῏ὑ ϱᾼ ᵂ

ц ᴷ Ὠᾼ ȴ (PSERCB-Doc-SERVER) Ӣ ᵫ ц ѱ ὢ Ȳ

ױ֪ ὢ Ḗ ЄȲⱢ ᴻὢ ֯ӑẃ ⱢḆֵϢ ᴩὢ Ȳ╝ ױ

ӴȲ Ẕẓ Ḇֻᾼ ҉ἤȴ (PSERCB-DB-SERVER) ׀ ȲⱢ PSERCB
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ПṆ Ȳṳ Ẕ∂ ὑ МȲҬб ứ ᴩ ậȲ׀

ҠЄ с ᾼׄԓἤȲṆ иЏῶֽῶ 4.1Ἤӱȴ 

 

4.7 ӱ  

ɚ ẃ ȸӐׁשṅ ᵂɛ 

ῶ 4.1Ṇ иЏῶ 

 Ὑ 

PSERCB-App-SERVER ӣὑWebὢ цֹו ϩד ȴ 

PSERCB-Doc-SERVER ѻ ӣὑ ѱ ц Ӣ ᴷ ᵫ ȴ 

PSERCB-DB-SERVER 
Ṇ Ȳ∂ ὑ МȲҬб ֯ М ứ

ᴩ  ậȴ׀

ɚ ẃ ȸӐׁשṅ ᵂɛ 

Ɫ ’ PSERCBӂү ֵϢ֝ ὑ ϱ ᴩ ᵂȲ╝ 500ᴯṿӣ῏Ȳṳ

֯ вה10ּ Ἤצṿӣ῏ᶙכ ӐȲṳ Ӑ ȴװ10 Ӑв Ɫȸ ṿӣ

῏֯ вה10ּ Ϥ Ϥ Ȳṳ ᴩ Ϥ ḖȲ Ϥ∟ ᴩậ Ϣ ᾼἬצ ᾼ

Ḗ  ȴװ3

user

https

https
https

PSERCB-App-SERVER

PSERCB-Doc-SERVER
(image, pdf)

PSERCB-DB-SERVER

Local Area Network



Ё∂ ᾬֹו ϩῴḔ ᴷӂү ӣ 

58 

 

 

4.8Ṇ ϩ  

ɚ ẃ ȸӐׁשṅ ᵂɛ 

Ṇ ∟ЬҠӔ ᵂȲṳ֯ ᾼ ᾓϯ ᶙכԚ װ25000 Ḗȴ

ֽ 4.8ἬӱȲṆ Ҡ 47.3QPS(v ӂᶁḕּה װ47.3 Ḗ)Ȳѹױ ṳ‍Ӑ

ᴷṆ П Є Ⱥ 

Ϯȳ PSERCBṆ Ԍц  

Ἤצᴻὢ ḕ╦ ᴞ ᴩṆ Ԍ(System Snapshot)Ȳ ḕщ

ᴩϚװ ԌȲ Ἤצ Ԍὑ DB Serverц DropboxвȲⱢ ’ᴻὢ Ӣ Л

Ҡ ᾼ ᶮ ȲҠ ԌṆ ᶶ ᴩ ȴ 

ϠṆ Ԍғ ҵȲ֝ ϮѠӂү Keymetrics PSERCBП ᵂ ᶮȲ

ᴻὢ ᾭ Ȳֽ 4.9ἬӱȲ ’ὢ ЛМ ȴ ᴻὢ ֪Ẕּ҃ט ᾭ ᴖ

Ѧὢ ȲṆ ѿ e-mail ῀ὢ Ϣ Ȳ ὢ Ϣ ѿ ᶶᾼ ⇔ ᴩ Ȳṿᴻ

ὢ ᵂȴ 
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4.9 ӂү 

ɚ ẃ ȸӐׁשṅ ᵂɛ 

 

Х  ӂүḂ  

ӂү ∟ȲⱢ ṿӣ῏Ḇ Ӑ ᴷӂүȲ ֢ Ӏ ᶾ е ȳЁѤᶾ

е ȳ∂ е ц֮Ѡ╜Ἀ ֵ Ȳֽ 4.10ἬӱȲⱢ ד2016 3ѣᴟ 5ѣ

Ἤ שׁ ӱ ȴ שׁ ֵѠԒ П ṓȲֽῶ 4.2ἬӱȲṳЛ Ḃ

ᴷӂү Ӕ иȲ ӂүḆѠ―ȳ֥ ȴ 
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ש4.10ׁ ӱװ  

ɚ ẃ ȸӐׁשṅ ᵂɛ 

ῶ 4.2 П ṓ ֫ ῶ 

Q A 

∂ ᾬи иⱢɦХ ѿϯɧȳɦг

ѿϱɧȳɦҒ ɧȳɦ е⅍ɧцɦẓ

∂ᾬɧȲ╥ᵡҠ ? 

Б ∂ ᾬи ииⱢṼ ɦ ɧȳɦ

ɧȳɦṿӣӣה₤ ɧи ȲЛ ҏ

ᶮȴ 

ӭ›Џ ꜜП ⇔ ӣҬצ 2800ц

4200Ẓ Ȳ∂ ѿϯἮה ẁṿӣ῏

? 

Б ה М ⇔ḂⱢϯἮה

ȴ 

ᴷῶМ ∂ ᾬ Ȳ ֽᴶᴷ

? 

ⱢѠ―ṿӣ῏ ∂ ᾬ Ȳ ה ױ и

иⱢɦ ֮ὰ ᴯ ɧ ɦ ֮ὰ

ɧȲṿӣ῏ ᴷ ɦ ֮ὰ ᴯ ɧ

ɦ ֮ὰ ɧᵛҠȴ 

ứ ᴷМПɦ ֣ ɧ(Av)╥ᵡ

Ҡѿ ῶӱ? 

Б ɦ ֣ ɧ(Av)Ὂכɦ

ɧцɦ ֣ ȳ ɧȲЛ ṿӣ῏

֣ ȴ 

ӭ›ᾪӐ╥ᵡҬ ᴷ XἨ Y֣?∂ ṅשׁ

ẁ֝ ᴷẒѠ֣П ᴷṆ ȴ 

ӐṆ БҠѿ֝ ᴷ X Y ֣П∂ ᾬֹו

ϩῴḔ ᴷȲṳѹᴕ ֫ד2500 ֮

Ȳṿ ӐṆ ḆҒѠ― ȴ 

&
3

2
2

1

1
1

1

1

1
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ứἤ ᴷМצṷ ứ ᴷ Ȳ∂

ṷ ȴ 

Б Мứἤה ứ ᴷ и ȴ

ֽȸɦ╥ᵡⱢῺ ɧȳɦ֮ ɧȳɦ

Ѭӂ Ғ ⇔ɧȳɦҒ∂ ⇔ɧȴ 

ứἤ ᴷῶМȲ ҵ и С 8иȲᵀצ

4 Ȳ ֽᴶи ? 

ױ БḂⱢḕϚ 2иȴ 

∂ ᾬи МצɦҒ ɧȲױ ╥ᵡЛᴕ

ȳ▀? 

ӐṆ ӭ›Б ẁ ṿӣ῏ὑ∂ ᾬṼ

иה₤ ɦҒ ɧ Ȳ ứἤ

ᴷῶМ ȳ▀ Ԉצ П ȴֽȸɦ

Лứ ⇔ɧȳɦ П ѩɧȳɦ▀П ѩɧȳɦ

ɧȳɦ үȳ כ ▀

ἤɧȳɦ כ ἤɧȳɦ▀П

⇔ɧȴ 

ứἤ ᴷῶМȲɦ П ѩɧ ɦ▀П

ѩɧᾼ ▀ ֽᴶ ? 

ױ ẕ₤П ▀ȲЛ ᵑ╚ ▀ȳ

ȴ 

ứἤ ᴷῶМȲɦ ү כ ▀ᾼ ἤɧ

ɦ כ ᾼ ἤɧẔ ἤ╥╓

ἤ ױ╥ ᾓֵ ? 

▀ ἤѻ ὑ ∂ ᾬвױ

ᶮПֵ ȴ ᴖ ᾼ ἤȲ֯ứἤ

ᴷῶɦ ᾓɧצҫҵ ⇔ȴ 

0206֮ כ ′Є ȲẔⱢ ∂

ᾬȲ ὑֹו ϩצ‍ Лֻᾼ Ȳ∂

ẔԝϤῶ Мȴ 

Ϛ ɦ Лứ ⇔ɧȲӣẃᴕ ֽ ′

Є ױ Лứ⇔ юᾼ∂ ᾬȴ 

ὑ ′Є ֪ ӣ …Ȳṿ Ṇ

ᶮכ Ȳ ∂כ ᾬ ȴӐ ᴷṆ ╥

ᵡ צ ױ ∂ ᾬ? 

ὑה иȲ ɦ≡ о П

RC ɧȲӣẃ ѩȲṳ ∂ ᾬ

П ἤ ᷉ ȲҠӣẃ ᴷֽ ′Є ױ

юᾼ Ὅἇ ȴ 

ứἤ ᴷῶМɦ ɧȲЛὔᵒה₤ Ȳѹὑ

Б Ȳ╥ᵡ Ẕ ? 

Ϣ ṓȲБ ױ ӭ ȴ 

ứ иέӭ›Ҭ וֹד475 ϩῴḔ

ᴷȲ╥ᵡϷ ᴕ וֹד2500 ϩῴḔ

ᴷȹ 

Б Ғ וֹד2500 ϩῴḔ ᴷȴ 

ẓצ ▀П∂ ᾬ ֽᴶ ᴩứ ᴷȹ Б Ғ ▀ ϤȲẔ ᶮᴩⱢ RC ὑ֝

Ȳ֪ױҠ ᴩᵶ ▀∂ ᾬПứ ᴷȴ 

ɚ ẃ ȸӐׁשṅ ᵂɛ 

Ϛȳֹו ϩῴḔ ᴷῶḂ  

וֹ ϩῴḔ ᴷῶМ и ӭṳЛ Ȳ╝ ֵ שׁ ∟Ȳ ṓȲ

ᴩϠḂ ȲӦ ╜вד2014 ∂ ṅἬеӁПשׁ Ởῴ ῶֽῶ 4.3ἬӱȲẔМ ứἤ
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ᴷМ B101 ɦ╥ᵡⱢ Ϛ ♄ ֮ ɧȳB102 ɦ֮ ɧȳB103 ɦ

Ѭӂ Ғ ⇔…
D

SS ɧц B315 ɦҒ∂ ⇔ɧБὑứ ᴷ Мᴕ Ȳ╝

4 װ Ȳ ᵍ ᴕ ȴ 

╜ἈБеӁ ֵ ӀП о Ȳᵀ֪ ῶМ B104 ɦ о ɧṳЛ ᾿

∂ ᾬֹו ϩȲѹױ и ᾎ Ϛ∂ ᾬ ᴩḂ Ȳ╝ ױ ȴ 

ῴ ῶМ B205 ɦ ɧὑה₤ Л ὔᵒ Ȳѹױ ὑ ц╟Џ

צ ᴕ Ȳ╝ ױ ȴ 

ד2016 2ѣ 6ѡ֪ רּ ֮ ᴖ ᾼ ′  Є Ȳ ὑ Лứ ⇔ ᵅП

∂ ᾬȲ Лứ ⇔ ᵅ ∂ ᾬֹו ϩ −ЄȲ╝ ױ ὑῴ ῶМȴ 

ӦὑῴḔ ᴷṳḥצ∂ ₤ȲӂȳӴ Л Ҭὑứἤ ᴷῶМ֢ᴾ 3и Л

ṜȲ╝ ṿӣ῏ὑ ῶМ B103 ɦӂ ἤɧц B104 ɦӴ ἤɧ ɦỮ

ҠɧἨɦЛṏɧ Ȳ ứ ᴷ МϚ ԈП ϩ ⇔ ᴩ᷉ Ȳ ᴖ

Ӧứ ᴷ Ἤ П∂ ᾬֹו ϩ ᴷ Ὠȴ 

ӂ ἤ ɦỮҠɧ Ȳ ứ ᴷ Ἤ П ϩ ⇔ ujV ѿ᷉

… 0.95ȷ ɦЛṏɧ Ȳ ϩ ⇔ ujV ѿ᷉ … 0.85ȴ 

∂ ᾬⱢϝ ѿϱѹӴ ἤ ɦỮҠɧ Ȳ ứ ᴷ Ἤ П

ϩ ⇔ ujV ѿ᷉ … 0.95ȷ ɦЛṏɧ Ȳ ϩ ⇔ ujV ѿ᷉ …

0.85ȴ ∂ ᾬⱢϡ ѿϯ Ȳ Л ϩ ⇔ ujV ᴩ᷉ ȴ ∂ ᾬЮὑϡ

ᴟϝ Ȳ᷉ … ѿв ѠהḖ ȴ 

֥ѿϱᴕ Ȳ ∂ ᾬứἤ ᴷ ứ ᴷ ᴕ Л⌂ ᾼ װ Ȳṳ

ῶМᴕ Лᶙ ᾼ Ȳװ וֹ ϩῴḔ ᴷ Ḇᶙ Ȳ ṿ ᴷ ὨḆⱢ

Ȳ ứ ∟ Ḃ∟Пֹו ϩῴḔ ᴷῶȲֽῶ 4.4Ἤӱȴ  
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ῶ ו4.3ֹ ϩῴḔ ᴷῶ( ῶ) 

 

ɚ ẃ ȸӐׁשṅ ᵂɛ 

ῶ ו4.4ֹ ϩῴḔ ᴷῶ( ῶ) 

  

ɚ ẃ ȸӐׁשṅ ᵂɛ 

ѿϱ ᾿ וֹ ϩῴḔ ᴷῶ כ ᾼ ҵȲֽװ ′  Є Ϛ Ɫ
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Пẓ ∂ ᾬӼ╥ ∂ ᾬֹו ϩП ֪ Ȳѹױ ∂ ᾬẓ ᾼϢỄ

Ϻ ȴⱢ ҏױ ᾼ∂ ᾬȲὑ ᴷῶМứ и ɦ

П RC ɧȲֽῶ 4.5ἬӱȲӣẃ ѩ
wr (Ϛ

ѩ )Ȳṳ ѿϚ ἤ Ӕ… rȲ Ӕ∂ ᾬ ἤ *

jR Ȳֽϯהȸ 

0.4 0.6 wr r= + ³ (4.1) 

* *1 ( 1)j jR R r= + - ³ (4.2) 

ῶ 4.5 Ϥῶ 

 

ɚ ẃ ȸӐׁשṅ ᵂɛ 

ҫҵ PSERCB֯ Ϥ X ֣ц Y ֣ П▀ Ȳ иכ ▀ἨМ ▀Ȳ

ṳ Ϥɦ ֤ ɧȳɦ▀ ɧȳɦ▀ ɧȳɦѻ ɧȳɦϚ ▀ ɧȳɦϡ ▀ ɧȳ

ɦ▀ ɧȳɦҿ ɧȳɦҿ ɧȳɦҿ ϩ ɧȳɦҿ Ἦϩ ɧȳɦҢ

ɧȳɦҢ ɧɦҢ ϩ ɧцɦҢ Ἦϩ ɧȲֽῶ 4.6Ἤӱȴ

֪ ֵ∂ ᾬ צ Ȳ ד Лὔᴷ Ȳᴕ ϱҠᴩἤȲ ד Ꞌ

ȴҫҵᴕ ‍Ἤצ∂ ᾬꞋצ ȲⱢѠ―ṿӣ῏ᴷ ᾬП Ȳ

ḂⱢ ѩȴ ∟▀ ϤῶȲֽῶ 4.7Ἤӱȴ  
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ῶ 4.6▀ Ϥῶ( ῶ) 

 

ɚ ẃ ȸӐׁשṅ ᵂɛ 

ῶ 4.7▀ Ϥῶ( ῶ) 

 

ɚ ẃ ȸӐׁשṅ ᵂɛ 

ϡȳ֝ ᴩ XȳYẒѠ֣Пֹו ᴷ 

PSERCB ᴩ∂ ᾬẒѠ֣Пֹו ϩῴḔ ȲK ∂ ᾬиⱢẒ

и ᴩȲⱢṿ ᴷ῏ ḆѠ―ȳצ ᴩֹו ϩῴḔ ȲK ᴷӂүП Xȳ

Y ẒѠ֣ и Ӵᴕ Ȳ ∂ ᾬᾼֹו ϩῴḔ ᴷϚװẞᴯȴ 

∂ ᾬ XȳY ẒѠ֣П֮ ϩ Ȳ ᴕ П ἤ R TҠ Л֝דȲ

ᴖ ẒѠ֣П֮כ ϩ ὨЛ֝דȲ╝ӂү ϡױ иכ X ֣ Y ֣ Ӵᴕ

Ȳֽ 4.11Ἤӱȴ 



Ё∂ ᾬֹו ϩῴḔ ᴷӂү ӣ 

66 

 

 

4.11 PSERCB Ӑ  

ɚ ẃ ȸӐׁשṅ ᵂɛ 

֮ ϩЛ֝ҵȲ∂ ᾬ XȳY ẒѠ֣П ӼЛ֝דȲֽ XȳY ֣▀ Ҡ

֪ Пצ Ἠ Л֝ᴖצ Ȳ ֣ ȳ ϷҠ Л֝Ȳ ПҵȲЄױ

и ὑ XȳY Ẓ֣ᾼ ϷЛ֝דȲ╝ӂү X ֣ Y ֣иᵑ Ӵᴕ Ȳ

ֽ 4.12Ἤӱȴ 

 

4.12 PSERCB  
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ɚ ẃ ȸӐׁשṅ ᵂɛ 

▀П ȳ ứ Ɫӂᴩ֮ ϩѠ֣ᵛⱢ▀ Ȳᴖ₣᾿֮ ϩѠ֣ᵛⱢ▀ Ȳ╝ ֯

Y ֣▀ Ȳ▀П ȳ X чȲⱢṿד֣ Ḇ―ᵓоȲה Ϛɦ

X ֣ɧғ ὑ Y ֣▀ Ȳֽ 4.13ἬӱȲױғ Ҡ᾿ X ֣▀

ẞ Y ֣▀ Ȳᴖ▀П ȳ ϷӦ ᴞה Ф ȴT ֯ṿӣױғ ᵑᾃ Ȳ

ṳ‍Ἤצ X Y Ѡ֣Ꞌ֝דȲֽɦ▀ ɧȳɦ ֣ ȳ ɧцɦ▀ ɧȲ

ⱢṮѦṿӣ῏ṿӣױғ ∟ᶱ ▲Ȳ֯ṿӣױғ ∟Ȳ ᴞה ҏ ᵫ Ȳֽ

4.14ἬӱȲ∂ ṿӣ῏ ▲ɦ▀ ɧȳɦ ֣ ȳ ɧцɦ▀ ɧ Ȳ

ṳ ▀ Ȳṿӣ῏Ӈ ȴ  

 

4.13 X ֣▀  

ɚ ẃ ȸӐׁשṅ ᵂɛ 

 

4.14 X ֣▀ П ᵫ  

ɚ ẃ ȸӐׁשṅ ᵂɛ 
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Ϯȳ ה о 

 PSERCBᾼ Ҡ ᴷ῏ ᴩ∂ ᾬֹו ϩῴḔ ᴷ ḆҒ―ᵓȲ װֵ

שׁ ∟Ȳ ᴷӂү ᴩ ֵ ḂȲ Ἠ῏Ẕ҃ ἤ ᵂӻӦ ẃה Ȳ

ṿӣ῏ ȲϷṿӂүḆҒх ȴ 

ᴷӂү Ϥ∂ ᾬ Ȳױ и ɦ ɧ ɦ♄ ɧи ᴕ Ɫ

֥ Ȳ֪ ▀ ϩ ֝ ᴕ ∂ ᾬП ♄ Ȳᴖ ֮ ϩ Ҭ ᴕ

Ȳ ױ и Ӧṿӣ῏и ♄ ԛ Ϥӂү Ɫ ȴⱢ ḟѿ

ϱ Ȳӂү ∂ ᾬ иכɦ ֮ὰ ᴯ ɧȳɦ ֮ὰ ᴯ ♄ ɧ

ɦ ֮ὰ ɧȲṳиכϮ Ȳ―ὑ Л֝ Ҡ Л֝ᾼṿӣӣצ Ȳֽ 4.15

ἬӱȴױᾎП Ɫṿӣ῏ҠṼ Л֝ṿӣӣ П ᴯ ♄ Ȳṳ

ᴷ ֮ὰ ᴯ ѠהḖ ∂ ᾬ ȴ 

XȳY ẒѠ֣П МȲ▀ᾼѻ Ϥ ᴷӂү ѩѠה ϤȲ ὑצ

ᾼṿӣ῏ẃ Ȳ Ԓ ∂ ᾬП▀ Ɫ ѩȲ Ɫ ȴ ᾿

ḂⱢ Ϥѻ ѻ Ȳ ὑḥצ▀ ᾼṿӣ῏ Ɫ ȲЛὔᴷ ȴ

Ɫ֝ ▀צ ḥצ▀ ᾼṿӣ῏ Ѡ―ṿӣױӂүȲ ▀ѻ Ϥ

ѠהḂⱢϡ ϚȲҠ ṿӣ῏ᴞӦ ậ▀ѻ ᾼ ϤѠהȲֽ 4.16ц 4.17Ἤӱȴ

ҫҵ ᴷӂүМȲ▀ᾼ ֣ ȳ Ӧṿӣ῏ᴞᴩ ᶙכ∟ԛ ᴩ ϤȲ

ṿӣ῏Ҡ Ԓ▲ И ᴩ ȲⱢѠ― ᵂȲ ױ ḂⱢɦ ֣

ȳ ɧ ɦ ֣ ȳ ɧȴ 

XȳY ẒѠ֣П МȲ ϤẔ ֣ ѩȲὑ ϱ ᴷ П

ѩȲ╝ ӂүḂⱢ Ϥ ȳ ȳ Ἠ Ȳֽ 4.18ἬӱȲӦ ה

ᴞ ѩȴ 

Ɫ ṿӣ῏֯ ᴩֹו ϩῴḔ ᴷ Ȳ֯ ᵂϱḆ―ᵓȲ ה ḟᾼ

иӻӦ ᴞה Ȳ ṿӣ῏ ȴ 



ҳ וֹ  ϩῴḔ ᴷ ӂү∂Ӵ 

69 

 

 

4.15∂ ᾬ  

ɚ ẃ ȸӐׁשṅ ᵂɛ 

 

4.16▀ѻ Ϥ( ѩ Ϥ) 

ɚ ẃ ȸӐׁשṅ ᵂɛ 
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4.17▀ѻ Ϥ( ȳ Ϥ) 

ɚ ẃ ȸӐׁשṅ ᵂɛ 

 

4.18 RC Ϥ 

ɚ ẃ ȸӐׁשṅ ᵂɛ 
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г  Ὠ 

4.19Ɫ PSRECB∂Ӵὑ ӂү∟П Ϥ Ȳṿӣ῏Ҭ ẓ ц

ᵛҠṿӣӐ ᴷӂүȲ ԛϯ Ẕ҃ ӣ Ȳ֯ה ᵿ Ϥ psercb.civil.twἨὑ᾿

PSERCBv Ҡẞ ӂүᴯ Ȳ Ҍṳ Ϥ ∟ ϱҠѿṿӣȴ 

 

4.19 PSERCB Ϥ  

ɚ ẃ ȸӐׁשṅ ᵂɛ 

 

Ϥ∟ ֽ 4.20 ἬӱȲ ∟ᵛҠ Ở ᴩ∂ ᾬֹו ϩῴḔ

ᴷȴ 
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4.20 PSERCB  

ɚ ẃ ȸӐׁשṅ ᵂɛ 

Ϥ ∟ȲṼᶧ ∂ ᾬП Ӑ ȳứἤ ᴷῶȳ ȳX ֣

ȳY ֣ ȳ ϱ ц ѱϱ ḔᶙכȲֽ 4.21~ 4.27Ἤӱȴ 

 

4.21 Ӑ  

ɚ ẃ ȸӐׁשṅ ᵂɛ 
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4.22ứἤ ᴷῶ 

ɚ ẃ ȸӐׁשṅ ᵂɛ 

 

4.23  

ɚ ẃ ȸӐׁשṅ ᵂɛ 
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4.24 X ֣  

ɚ ẃ ȸӐׁשṅ ᵂɛ 

 

4.25 Y ֣  

ɚ ẃ ȸӐׁשṅ ᵂɛ 
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4.26 ϱ  

ɚ ẃ ȸӐׁשṅ ᵂɛ 

 

4.27 ᾓ ѱϱ  

ɚ ẃ ȸӐׁשṅ ᵂɛ 

ᶙכ ∟ᵛҠ ᴩֹו ϩ ᴷȲ ∂ ᾬֹו ϩῴḔ ᴷи

ᵒứ ὨȲֽ 4.28Ἤӱȴ 



Ё∂ ᾬֹו ϩῴḔ ᴷӂү ӣ 

76 

 

 

4.28 PSERCB ᴷ Ὠ 

ɚ ẃ ȸӐׁשṅ ᵂɛ 

ᴷᶙכ∟ ϯ ᴷ ὨȲṳ Ϥ ᴷ ц ∟( 4.29)Ȳ ה ᴞ

Ӣ ᵫ ȲẔМҔᵶ֯ ϱ Ϥᾼ∂ ᾬ Ӑ ȳứἤ ᴷῶȳḊ ȳứ

ᴷד ȳӂӴ ȳ ᾓ ѱ Ȳֽ 4.30~ 4.40ἬӱȲṿӣ῏Ҡӣѿ

ᴷП Ἠӣѿ ӻ ѻȴ 

 

4.29 ц  

ɚ ẃ ȸӐׁשṅ ᵂɛ 
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4.30 ᵫ ( Ӑ ῶ) 

ɚ ẃ ȸӐׁשṅ ᵂɛ 

 

4.31 ᵫ (∂ ᾬֹו ϩῴḔ ᴷῶ) 

ɚ ẃ ȸӐׁשṅ ᵂɛ 
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4.32 ᵫ ( ҵ ȳ и) 

ɚ ẃ ȸӐׁשṅ ᵂɛ 

 

4.33 ᵫ ( ц Ὠᵒứ) 

ɚ ẃ ȸӐׁשṅ ᵂɛ 
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4.34 ᵫ (Ḋ ) 

ɚ ẃ ȸӐׁשṅ ᵂɛ 

 

4.35 ᵫ (Ϛ ▀ ϩ ⇔ ) 

ɚ ẃ ȸӐׁשṅ ᵂɛ 



Ё∂ ᾬֹו ϩῴḔ ᴷӂү ӣ 

80 

 

 

4.36 ᵫ (Ϛ ϩ ⇔ ) 

ɚ ẃ ȸӐׁשṅ ᵂɛ 

 

4.37 ᵫ (∂ ᾬ ֮ד475 ֫ וֹ ϩ ) 

ɚ ẃ ȸӐׁשṅ ᵂɛ 
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4.38 ᵫ (∂ ᾬ ֮ד2500 ֫ וֹ ϩ ) 

ɚ ẃ ȸӐׁשṅ ᵂɛ 

 

4.39 ᵫ (∂ ᾬӂӴ ῶ) 

ɚ ẃ ȸӐׁשṅ ᵂɛ 
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4.40 ᵫ (∂ ᾬ ᾓ ѱῶ) 

ɚ ẃ ȸӐׁשṅ ᵂɛ 

ϝ  Њ  

в╜ ∂ ṅἬὑשׁ ỗד2014 ᶚ Ȳׁש ᾪ∂ ᾬֹו

ϩῴḔ ᴷѠᾎ ҟἬṿӣᾼֹו ᴷѠᾎֵϠứ ᴷ иṿ ᴷ Ὠ Ɫ

ȴ֪ứ ᴷᾼ ѿἏҬ Ṽ ᶾ ᵒ ᵛҠ ᾼứἤ ᴷדѩ Ɫ Ȳ

Ɫᵌὢױ Ȳ ᵑ∂Ӵױӂү(PSERCB)Ȳṿ ᴷ῏ ֯ ẞ ᾼֹו

ϩῴḔ ᴷ Ὠȴ 

ᴷ PSERCB ẁṿӣ῏֯ ᵂϱẓ Ḇᶙ ᾼὢ ȲẔМҔᵶ∂ ᾬֹו ϩ

П Ὠ ӱȳֹו ϩῴḔ ᴷи ȳֹו ϩῴḔ ᴷП Ὠᵒứц ҏ ᵫ

ғ ȴ ПҵȲⱢױ ’ӂүὢ ЛМ Ȳ ӂү ᴩ ҉ Ṇ ᶼ ἤ Ȳ

ṳ Ӧ ϮѠӂү ᴩ ֫ Ȳ ὢ Ϣ ᴻὢ ṿӣᾭ ȴ 

ӂү∂Ӵ∟ ֵ שׁ Ȳ ֢Ѡ ȲЛ Ḃ ӂүМ֢ ғ

ȲṿӂүЛҬ ӣὑ ϱᾼׁשṅȲḆ Ὼ ϱᾼ ӣȴ
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Х  Ẃиέ ὨП ѩ  

Ϛ  ›ṕ 

Ԓ Ϛ 10 Пеצ еЄ иᵑѿPSERCB ᴩֹו ϩῴḔ ᴷ MIDAS

֥ SERCB ᴩֹו ϩ ᴷṳѩ ȴ 

ϯẃᵓӣ PSERCB ᴩ 31 ∂ ᾬֹו ῴ Ȳṳѿ иέѠה Ὠѩ

( ∂ ᾬ Ҡ ᴕ  Х)ȴ31 ∂ ᾬМҔᵶ 28 ῟ȳ1 Ӗ׃ц 1 еצ

∂ ᾬȲֽ 5.1ἬӱȲẔМẒ ᾼ∂ ᾬצ 2 ȲϮ ᾼ∂ ᾬצ 11 Ȳҳ

ᾼ∂ ᾬצ 13 ȲХ ᾼ∂ ᾬצ 3 Ȳ10 ᾼ∂ ᾬצ 1 Ȳֽ 5.2ἬӱȲ

ױ 31 ∂ ᾬП 1

475

cA

IA
Пӂᶁ Ɫ 0.597Ȳ Ɫ 0.212ȷױ 31 ∂ ᾬП

475

pA

IA
Пӂ

ᶁ Ɫ 0.595Ȳ Ɫ 0.205ȴẔМȲ 1cA Ɫֹו ϩῴḔ ᴷἬḖ Пֹו ϩȲ pA Ɫ

וֹ ϩ ᴷἬḖ Пֹו ϩȲ I Ɫӣ … Ȳ 475A Ɫ ֫ד475 ֮ ϩ

Пֹו ȴ 

ѩ в Ҕᵶֹו ϩῴḔ ᴷḖ П∂ ᾬֹו ϩП ἤȳ∂ ᾬֹו ϩ

ῴḔ ᴷи П֥ ἤ ȴ 

  

5.1∂ ᾬṿӣӣ иᵉ 5.2∂ ᾬ иᵉ 

ɚ ẃ ȸӐׁשṅ ᵂɛ 

῟(29 )

Ӗ1)׃ )
еצ∂ (1 )

2 (2 )

3 (11 )

4 (14 )

5 (3 )

10 (1 )
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ϡ  Ẃиέ 

Ϛȳ Ẃ Ὑц Ю 

Ӑ ẂⱢϚὑӖ ד68 ∂ᶙכПеצ еЄ ȲⱢ622דѣѿ›ֹו Ȳ

Ẕ ᶮהⱢ֮ϱϫ ѿц֮ϯϚ П Ё ∂ ᾬȲ ֮ὰ Ɫ 12973.18 

m
2Ȳ ῶ 5.1ȴӐ ӣ … ṿӣ 1.25ȲѿӖ וеӁɦֹד100 ɧᵂ

Ɫֹו ᴩֹו ῴ Ȳ ᾬ ᶮ С ứἤцứ и ȴ 

ῶ 5.1∂ ᾬד  

 Ё  

֮ϱ  10  

֮ϯ  1  

ӂ   Ѡᶮ 

X ֣ѐ⇔ 60.4 m(▀ї) 

Y ֣ѐ⇔ 27.5 m(▀ї) 

 38.25 m 

 

10FȸH=4.25 m 

9F̡ 3FȸH=3.5 m 

2FȸH=4.5 m 

1FȸH=5 m 

ɚ ẃ ȸӐׁשṅ ᵂɛ 

ϡȳ ᾬ  

ӐẂ ӣПḊ ⇔ ֽϯȸ 

1. Ёᶼ ⇔ȸ
'

cf =178.5 kgf/cm
2
 

2. ѻ Ԇ ⇔ȸ yf =4200 kgf/cm
2
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3. Ԇ ⇔ȸ yf =2800 kgf/cm
2
 

∂ ᾬ ֽῶ 5.2~ῶ 5.3ц 5.3Ἤӱȸ 

ῶ 5.2 ᾬѻ ѐЉ 

Ѡ֣ X ֣ Y ֣ 

⇔ 6.4 m 8.0 m 

Є ⇔ 8.0 m 8.0 m 

Є ѻ ѐЉ 60x70 cm 45x70 cm 

▀ѐЉ 100x100 cmȳ50x50 cmȳ70x60 cm 

ὰ⁴⇔ 10 cm 

Ṇ  Ё ▀Ӵ ▐Ṇ  

ה ה₤  

ɚ ẃ ȸӐׁשṅ ᵂɛ 

 

5.3еצ∂ ᾬПϚ ӂ  

ɚ ẃ ȸӐׁשṅ ᵂɛ 

ᶈᶈ

C21 C21 C21 C21C1 C2 C3 C3 C2 C1

C16 C4 C5 C5 C4 C16

C17

C17 C17

C17C6 C6C7 C7C8 C8C9 C9

C18 C18C10 C10C11 C11 C11 C11C12 C12

C13 C13C14 C14 C14 C14

C16 C16C19 C19 C19 C19 C19 C19C20 C20

C15 C15

W15 W15

W15 W15

W15 W15W30

W20

W20

W25 W25 W25 W25

W15 W15

W25 W25

X

Y
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ῶ 5.3 ᾬ  

 C1(80x80) C2(90x70) C3(90x70) C4(90x70) 

 

    

ѻ  24-#11+6-#9 32-#11 32-#11 24-#11 

֣ ȳ 

 

#4@30 

X֣ 6 /Y֣ 6  

#4@30 

X֣ 6 /Y֣ 8  

#4@30 

X֣ 6 /Y֣ 8  

#4@30 

X֣ 6 /Y֣ 6  

 C5(80x80) 
C6(95.4x95.4) 

( ∟) 

C9(95.4x95.4) 

 ( ∟) 

C10(95.4x95.4)  

( ∟) 

 

    
ѻ  22-#11+6-#10 36-#11 44-#11 36-#11 

֣ ȳ

 

#4@30 

X֣ 6 /Y֣ 6  

#4@30 

X֣ 8 /Y֣ 8  

#4@30 

X֣ 8 /Y֣ 8  

#4@30 

X֣ 8 /Y֣ 8  

 
C11(95.4x95.4)  

( ∟) 

C12(95.4x95.4) 

 ( ∟) 

C13(95.4x95.4)  

( ∟) 

C14(95.4x95.4) 

 ( ∟) 

 

    

ѻ  24-#10 28-#11 28-#10 32-#11 

֣ ȳ

 

#4@30 

X֣ 8 /Y֣ 8  

#4@30 

X֣ 8 /Y֣ 8  

#4@30 

X֣ 8 /Y֣ 8  

#4@30 

X֣ 8 /Y֣ 8  
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C15(95.4x95.4)  

( ∟) 
C16(60x60) C17(70x60) C18(70x60) 

 

    

ѻ  34-#11 12-#8 14-#8 14-#8 

֣ ȳ

 

#4@30 

X֣ 4 /Y֣ 4  

#3@30 

X֣ 4 /Y֣ 4  

#3@30 

X֣ 4 /Y֣ 4  

#3@30 

X֣ 4 /Y֣ 4  

 C19(60x70) C20(60x70) C21(50x50)  

 

   

 

ѻ  12-#8 12-#8 4-#8+4-#7  

֣ ȳ

 

#3@30 

X֣ 4 /Y֣ 4   

#3@30 

X֣ 4 /Y֣ 4  

#3@30 

X֣ 4 /Y֣ 4  
 

ɚ ẃ ȸӐׁשṅ ᵂɛ 

Ϯȳеצ∂ ᾬПֹו ϩῴḔ ᴷ 

ᵓӣ PSERCB Ӑ ∂ ᾬ ᴩֹו ϩῴḔ ᴷȲṼᶧ ∂ ᾬП Ӑ ȳứ

ἤ ᴷῶȳ ȳX ֣ ȳY ֣ ȳ ϱ ц ᾓ ѱϱ Ḕᶙ

Ȳֽכ 5.4~ 5.13ἬӱȲṳ ҏ ᵫ ȴӦ 5.15~ 5.16 ӱеצ∂ ᾬПֹו

ϩ иⱢ 67.4иȲẔ Ὠ…Ɫ∂ ᾬПֹו ϩɦ צ ɧȴẔМȲứἤ ᴷԚⱢ 16.1

иȲứ Ɫ 51.3иȲ ҵ иⱢ 0иȴҫҵứ и 5.19~ 5.22ȲẔМ X

֣∂ ᾬ ֮ד475 ֫ וֹ ϩⱢ 0.114 gȲY ֣∂ ᾬ ֮ד475 ֫ וֹ ϩ

Ɫ 0.116 gȲꞋЛ וֹ֥ 0.24 gȷX ֣∂ ᾬ ֮ד2500 ֫ וֹ ϩⱢ 0.143 

gȲY ֣∂ ᾬ ֮ד2500 ֫ וֹ ϩⱢ 0.146 gȲЛ וֹ֥ 0.32 gȴ 
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5.4 Ӑ  

ɚ ẃ ȸӐׁשṅ ᵂɛ 

 

5.5ứἤ ᴷῶ( Ṇ ) 

ɚ ẃ ȸӐׁשṅ ᵂɛ 
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5.6ứἤ ᴷῶ( ȳ ᾓ) 

ɚ ẃ ȸӐׁשṅ ᵂɛ 

 

5.7 ҵ ȳ и 

ɚ ẃ ȸӐׁשṅ ᵂɛ 
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5.8  

ɚ ẃ ȸӐׁשṅ ᵂɛ 

 

5.9 X ֣ (Ϛ ▀) 

ɚ ẃ ȸӐׁשṅ ᵂɛ 
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5.10 X ֣ (RC ) 

ɚ ẃ ȸӐׁשṅ ᵂɛ 

 

5.11 Y ֣ (▀) 

ɚ ẃ ȸӐׁשṅ ᵂɛ 
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5.12 ϱ  

ɚ ẃ ȸӐׁשṅ ᵂɛ 

 

5.13 ᾓ ѱϱ  

ɚ ẃ ȸӐׁשṅ ᵂɛ 
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5.14 Ӑ ῶ 

ɚ ẃ ȸӐׁשṅ ᵂɛ 

 

ו5.15ֹ ϩῴḔ ᴷῶ 



Ё∂ ᾬֹו ϩῴḔ ᴷӂү ӣ 

94 

 

ɚ ẃ ȸӐׁשṅ ᵂɛ 

 

ו5.16ֹ ϩῴḔ ᴷи  

ɚ ẃ ȸӐׁשṅ ᵂɛ 
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ו5.17ֹ ϩῴḔ ᴷ Ὠᵒứ 

ɚ ẃ ȸӐׁשṅ ᵂɛ 

 

5.18  

ɚ ẃ ȸӐׁשṅ ᵂɛ 

 




































































































































