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⌐ ╦╢  
Extended Summary in Lieu of Dissertation 

 
 

 
Name 

  
 

 
Title of Dissertation 

⌐╟╢√╘ ─ ⌐ ∆╢  
 

 
 

Dissertation Summary 
 
 

   
 

⌐╟╢√╘ ─ ⅜ ⇔≡™╢ 2011 ≢│1990 ─√╘

⅜ ⇔ ⌐№╢ ♄ⱶ≢│ ⅜ ⇔ ─ ⅜ ⌐ ⇔√↓

≤≢ ה 8 22 ─ ⌂ ⌐ ∫√ ─ │2016

╛2018 ─ ╩ ≤∆╢ ≢╙ ↕╣≡™╢ ⅜2013 ⅛╠2015 ⌐⅛

↑≡ ⇔√√╘ ≢│ ─5 ╩ ╢√╘ ≢ ─ ⅜ ↕╣

√ ⅜ ≢│ ♩ꜝⱨ ╩│∂╘≤∆╢ ⌂ ─ ⅜ ↕╣≡⅔╡ √╘ ─

─ │ ⇔≡™╢ ꜞ☻◒─ ™√╘ ─ ╩ ⌐ ⇔ ─

╩ ∆╢√╘ 2015 5 ⌐│ ₈√╘ ₉⅜ ↕╣√ AA

─√╘ ─ ⌐⅔™≡ ─ ╩ ╗꜠ⱬꜟ2 ┼─ ⅜ ≤⌂╡

⌐ ≢⅝╢ ─ ⅜ ↕╣╢╟℮⌐⌂∫√  

≢│ ⌐╟╢ ─ ≢№╢₈ ₉⌐ ⇔√ │

⌂≥╩ ≤⇔≡ ╩ ⇔ ⌐ ℮ ─ ╛ ⌐ ⇔≡ ™

╩ ∆╢≤↕╣╢ ─√╘ ┼─ ⌐№√╡ ⇔√╕╕ ∆╢↓≤⅜ ≢

─ ╩ ⇔⌂™≤™℮ ⅜ ⅎ╠╣╢  

⇔⅛⇔ ─√╘ ┼─ ╛ ⌐ ∆╢ │╒≤╪≥⌂™

⌐ ═ √╘ │ ─ ⅜ ↄ │ ⌐ ⇔≡∆═╡ ╛ ─

⌐ ™ ⅜ ∂╛∆™ ╩≈ↄ╢≤≤╙⌐ ⌐│ ╩ ╗ ≤⇔≡ ⌐ ∆

╢≤™℮2≈─ ⌂╢ ╩ ∆╢ ≢│ ─ ╩√╘ ⌐ ∆╢↓≤╩

≤⇔≡ ⅜ ≤ ─ ⌐ ╓∆ ╩ ∆╢√╘ ─ ╩ ∫√  

(1) ⌐╟╡ ⇔√√╘ ─ ╩ ∆╢√╘ ╩⸗♦ꜟ ⇔√ ≢

─ ╩ ⇔≡ √╘ ─ ≢№╢ ╛∆═╡ ⌐ ∆╢

─ ╩ ╠⅛⌐⇔ ⅛╠ ≤ ⌐ ∆╢ ─ ─ ≤─ ⌐

≈™≡ ⌐ ⇔√  

(2) ⅜ ⌐ ∆╢↓≤≢ ↕╣╢ ─ ⅜ ⌐⅔↑╢ ─ ⌐ ╓

∆ ╩ ⌐╟╡ ⇔√ ╕√ ─ ─ ⌐╟╢ ─ ─ ╩

⇔ ─ ⅜ ≤ ─ ⌐ ╓∆ ╩ ⇔√  

(3) √╘ ─ ⌐ ╩ ╓∆ ─ ╩ ∆╢√╘ ⌐╟╡ ↕

╣√ √╘ ≢ ╩ ⇔√ ╕√ ≤─ ⅛╠

─ ╩ ⇔√  
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│ ─╟℮⌂ ╩╙≈ ─ ╩╕≤╘√╙─≢№╡ ∕─

│ ─╟℮⌐ ↕╣╢  

 

ₒ 2 ₓ ─ ╩ ∆╢√╘ √╘ ─ ≤ ⌐╟╢ ╩

⇔ ⌐╟╢ ⌐ ∆╢ ≤ ─ ╩╕≤╘≡™╢  

ₒ 3 ₓ ─ ∆╢ ⌐⅔™≡ ⌐╟╡ ↕╣√ ─ ╩ ∆╢√╘⌐

⇔√ ─ ⌐≈™≡╕≤╘≡™╢  

ₒ 4 ₓ ╩ ∆╢√╘⌐ ∫√ ─ ╩╕≤╘≡™╢ ≢│

─ ⅜ ─ ─ ⌐ ╓∆ ⅛╠ ∆╢ ⅜

≤ ─ ⌐ ╓∆ ╩ ⇔√  

ₒ 5 ₓ ─ ⅜ ─ ╛ ⌐ ╓∆ ╩ ∆╢√╘⌐

⇔√ √╘ ⌐⅔↑╢ ┘ ⌐≈™≡╕≤╘≡™╢  

ₒ 6 ₓ ─ ≢ ╠╣√ ╩╕≤╘≡™╢  

 

 

2  ⌐╟╢√╘ ─ ≤ ⌐ ∆╢  

 

⌐╟╢ ─ ╩ ╛ ⌐╟╡ ∆╢√╘⌐│ √╘ ─

⌐⅔↑╢ ≤∕─ ╩ ⇔√ ≢ ⌐╟╢ ╩ ╠⅛⌐∆╢═⅝≢№╢  

√╘ │ ⌐ 16 ⇔≡⅔╡ ∕─ ↄ│ ⌐ ↕╣√╙─≢№╢

─ ⅜ ⅛∫√√╘ ─ ╩ ∆╢ │ ⌂ↄ ↄ─ ≢

⅜ ↕╣≡™╢ √╘ ─ ⌐⅔↑╢ │ ╕√│

─ ─∆═╡ ⌐ ↕╣╢ ⅛╠ ─ ⇔╛∆™ ─ ≤⇔

≡ ┘ ⅜ ≢№╢↓≤ ─ ⅜ ™ ⅜ ™↓≤ ⅜

⅝ↄ ⅜ ╟╡ ⅝™↓≤⌂≥⅜ →╠╣╢ ─√╘ ╩ ≤⇔

√ ─ ⌐⅔™≡╙ ⅜ ™ ⅜ ∆╢↓≤⅜ ↕╣≡™╢  

√╘ ─ ─ │ ↕ⅎ ╛ ⌂≥ ⌐╟╢╙─⅜ ≢№∫

√⅜ │ ⌂ ─ ⌂≥─ ⅛╠ ♩כ◦ ╛ ⌂≥ ∕╣╠

⌐ ╦╢ ─ ⅜ ╘╠╣≡™╢ ∕─ ≢ │ ─ ⌐ ═≡

⌐ ╣ ⌐√╘ ╩ ⇔√╕╕ ∆╢↓≤⅜ ≢№╢⌂≥─ ╩ ∆╢  

⌐ ∆╢ ≢│ ─ ┼─ ─∆═╡

┼─ ┘ ─ ⅜ ≤ ─ ⌐ ╓∆ ⅜ ↕╣≡™╢⅜

≢│ ⅜ ↕╣∏ ─ ┼─ ╙ ↕╣≡™⌂™ ╕√

─ │ ─ꜟכ◔☻ ⅛ ⌐ ↕╣ ─ ≢─ │ ╦╣≡™⌂™ ⇔

√⅜∫≡ ╩√╘ ⌐ ∆╢√╘⌐│ ─ ⌐ ⇔√ ⅜ ≤⌂╢  

│ ⌐ ⇔≡∆═╡ ╛ ─ ⌐ ™ ⅜ ∂╛∆™ ╩≈ↄ╢≤≤╙

⌐ ⌐│ ╩ ╗ ≤⇔≡ ⌐ ∆╢≤™℮2≈─ ⌂╢ ╩ ∆╢ │

╩ ∆╢↓≤⅛╠ ⌐╟╡√╘ ╩ ∆╢≤ ─

╛ ⅜ ∆╢↓≤⅜ ↕╣╢ ╕√ ╩ ⅜ ∆╢↓≤≢ ─ ╛

╩ ∆╢ ⅜ ↕╣╢  

─╟℮⌂ ⌐ ≠⅝ ≢│ ─ ⌐ ╡ ╗  

 

ᵑ ⌐╟╡ ↕╣√ ─ ─  

ᵒ ⅜ ≤ ─ ⌐ ╓∆ ─  
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ᵓ ─ ─ ≤ ─ ─  

 

 

3  ⌐╟╡ ↕╣√ ─ ─  

3.1 ─  

≢│ √╘ ─ ⌐╟╢ ⌐

∆╢ ─ ╩ ∆╢√╘

⌐ ⇔√ ─ ─ ╩ ═

╢ ≢│ ᵑ√╘ ≤ ─

ᵒ ─ ─ ᵓ ─ ≤∆═╡

ᵔ ≤ ⌐ ∆╢ ─4 ⌐ ⇔

√ ᵑ≢│ ⌐ ⅜ ∆╢ ≤

⇔⌂™ ╩ ≤⇔≡ ╩☻כ◔ ⇔

─ ™⅜ ─ ⌐ ╓

∆ ╩ ⇔ ⌐╟╢ ─ ה ─

╩ ⇔√ ᵒ≢│ ᵑ─ ─ ─

╩ ≤⇔≡ ⌂ ╩ ∫√ ᵓ≢│ ─ ⅜ ™≤↕╣╢ ⅜

⅝ↄ ⅜ ⌂ ╩ ⌐ ╩ ™ ─∆═╡ ⌐ ∆╢ ╩

⇔√ ᵔ≢│ ⅛╠ ─ ⌐ ∆╢ ┘ ─ ⌐ ⅛╠

∆╢ ╩ ⇔√ ─ ╩ -3.1.1 ⌐ ∆  

 

3.2 ≤ ─ ⌐ ∆╢ ─  

│ 2800mm ↕850mm 700mm─ ⌂ ─ ⌐ ┘ ─

╩ ⇔ ⌐╟╡ ─ ╩ ∆╢╙─≢№╢ ╩ - 3.2.1 ⌐ ∆

╩ ⇔√ ⌐ ╩ ⌐ ⇔≡ ╩ ⌐ ↕∑ ─ ⌐

↕∑√ ⌐ ╩ ∟⌂⅜╠ ⇔≡ ╩ ™ ⅜ ─ ⅛

╠ ╖ ⇔√↓≤╩ ⇔≡ ⇔√ ─ ≤ ┼─ ╩ ∆╢√╘ ⌐

╩ ⅎ≡ ⇔√  

╩☻כ◔ -3.2.1 ⌐ ─☻כ◔ ╩ -3.2.2 ⌐ ∆ ≢│ ─ ─

≤ ╩Ɽꜝⱷכ♃≤⇔√ Case1 5 │ Case4 6 │ ╩ ⇔√

╢№≢☻כ◔ Case2│ ↕ⅎ ╩ ╢№≢☻כ◔√⇔ ↕ⅎ │ ─∆═╡

╩ ≤∆╢ ≢№╢⅜ ⌐╟╢ ─ ה ─ ⌐╙ ╩ ∆╢⅛╩

╩☻כ◔─↓╘√╢∆ ⇔√ Case3│ ─ ⌐─╖ ╩ ⇔√ ╩ ⇔√

─ ─╖≢│ ─ ─ ⌐╟╡ ─ ╩ ∆╢ │ ≢⅝⌂™

⅜ ⌐╟╡ ─ ╩ ↕∑╢ ⅜ ≢⅝╢≤ ⅎ√ ≢│ ⅜10m

─ ⅝⌂ ╩ ⇔ ╩ ≤⇔≡™╢√╘ ─∆═╡ ⅜ ∂⌂™╟℮

│1:2≤ ™ ≤⇔√ ─ │ 1/35≢№╢  

 

(1) (2) (3) (4)

 
-3.2.1   

-3.1.1  ─  
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⌐ ™√ ─ ╩ -3.2.3 ⌐ ∆ ⌐≈™≡│ ─√╘ ─

─ ╩ ⌐ ╩ ⇔√ ─☻כ◔ ─ ≤ ╘ ╕√

│ ─ ╩ -3.2.2 ⌐ ∆ ≤ │ ⌐╟╡ ⇔ ─

╘ │ ╩ ↕⌂™╟℮ ⌐╟╡ ⌐ ∫√  

≢│ ─ ⌐ ∆╢ ⌐ ≠⅝ ╩ ⇔√ │ ≢ ♃

▬꜡♇♪│ ≢ ⇔ ⌐│ ╩ ↑≡Ⱨfi ≤⇔√ │Ɫ♇♩ ₈25H₉

╩ ⇔ ─≢ꜟכ◔☻ → ⌐ ∆╢ ─ꜟכ◔☻ → ≤ ℮╟℮⌐ ╩

2.3mm ≤⇔√ ─ ╣│ Case3≢│ Chang ─ Case4≢│ⱨꜞכ▪כ☻◘ⱳכ♩

⌐╟╡ ⇔ Case6│ Case4≤ ≤⇔√ ≤ ─ ⌐│ ⌐√╦╕∑√ⱦ♬כꜟ◦

╩♩כ ╡ ↑ ⅛╠─ ╩ ⇔ ─ ─ ╩ ⇔⌂™╟℮⌐⇔√  

│ 600Gal 5Hz 20 ─ ≤⇔√ │ ─

ה ≤ ─ ┘ ─└∏╖ ┘ ≤⇔√  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Case1 Case2 Case3 Case4 Case5 Case6 

 
ɔt (kN/m3) 18.3 18.1 18.5 18.1 17.4 16.7 

DC (%) 89.5 88.1 88.0 87.8 86.0 90.0 

 
ɔt (kN/m3) 19.2 19.0 19.1 19.1 - - 

Dr (%) 44.5 45.6 46.1 46.7 - - 

 
ɔt (kN/m3) 19.9 19.7 19.8 19.9 19.8 19.8 

Dr (%) 95.7 90.0 91.5 91.9 88.3 88.6 

 ׁ ᴟ  ├Ῥ 

Case1 

ΚϤ 

├ 

Case2 ᴃήΠ  

Case3 ᾊ‫ Ῥ  

Case4 ‫ ꜠Ῥ  

Case5 
σΰ 

├ 

Case6 ‫ ꜠Ῥ  

570

Case4 Case6

200 300

ₒ ₓ

1:2

170

(Dc > 95%)

2800  

(Dc < 90%)150

300

ₒ ₓ

Case1

(Dc > 95%)

200

Case2

580

Case3

* 2.3mm

(EIprot/EImodel=ɚ
3.5)

570

450

Case5

(Dc < 90%)

200 300

100

↕ⅎ

mm

-3.2.1  ─  

-3.2. ─☻כ◔ 2  

-3.2. 3 ─  

-3.2. 2  

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100.0

0.0001 0.001 0.01 0.1 1 10

(%
)

(mm)

A

B
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≤⇔≡ ─

╩ -3.2.4 ⌐ ∆ Case2│ Case1≤╒╓

─ ≢№∫√√╘ ↓↓≢│Case1 3 4

5 6─ ╩ ⇔≡™╢ ─ Case1≤

Case5 ─ │ ⌡ ≤⌂∫√

Case3≢│Case1⌐ ═≡ ⅜ ⇔

─ ⌐╟╡ ⅜ ↕╣√

Case4 6≢│Case3⌐ ═≡

⅜ ↄ⌂╡ ⌐ Case6│ ─ Case1╛

Case5≤╒╓ ≢№∫√ ≢╙

╩ ≤⇔√ │

≤⇔√ ⌐ ═≡ ─

⅜ ↄ⌂╢≤™℮ ⅜ ╠╣≡™╢⅜

≢╙ ─ ╩ ⇔√ ↓─ ≤⇔≡

─ ─ ⌐╟╡

╩ ╡ ╪∞ ⅜ ⌐ ⇔√

⅜№╢  

≢│ ⌐≈™≡ ═╢ │∂

╘⌐ Case1 5─ ⌐≈™≡

─ ⅛╠ ─ ╩

∆╢ -3.2.5 ⌐ ─☻כ◔ ─

╩ ∆ Case1│ ─

⌐⅔™≡ 1 ≢

⅜ 0.8╕≢ ⇔ ⅜ ⇔√

│ ⌂ ≤⇔√↓≤⅛╠

⌐ ℮ ⅜ ⌐ ⇔√ Case5≢│

2 ≢ ─ ⅜

0.9╕≢ ⇔ ⅜ ⇔√

│ ⌂ ≤⇔√⅜ ─

⅜0.3╩ ∫√ ─ ⌐╟╡

╛ ─ ─ ⅜ ∆╢ │ ↕╣⌂⅛∫√  

-3.2.3 ⌐ ─☻כ◔ ╩ -3.2.4 ⌐ ─☻כ◔ ╩ ∆ ─ │

Case1 Case3≢│ ⅝ↄ ╦╠∏ ↕ⅎ ╛ ⌐ ╩ ⇔√ ≢│ ─

│ ↕╣⌂⅛∫√ Case3≢│ ─ ⅜ ⇔√↓≤⌐╟╡ ⅜ ↕╣√╙

── │Case1≤╒╓ ╦╠∏ ⅜ ─ ⌐ ⇔⌂⅛∫√

╩ ⇔√Case4 6≢│ ∕╣∙╣Case1 5⌐ ═≡ ─ ─ ⅜

∕╣∙╣ 38% 57%⌐ ↕╣√  

Case1≢│ ─ ⅜63mm≤⌂╡ ⅛╠ ⌐ ∆╢ ─ ≢

⅜ ⌐ ⅝ↄ ⇔√ Case5≢│∕─╟℮⌂ ⅜ ↕╣⌂⅛∫√↓≤⅛╠

⅜ ⇔√ ─ ⌐╟╡ ↕╣╢ ⌐ ∆╢∑╪ ⅜ ≤ ─

≢ ↕╣√√╘≤ ⅎ╠╣╢ Case2≢│ ─ ⅜Case1─ 63%⌐ ↕╣≡™

╢⅜ ↓╣│ ↕ⅎ ─ ⅜ ₁─ ─ ⌐ ↕╣√ ≢№╢≤ ⅎ╠╣╢ ╕√

Case4≢│Case1⌐ ═≡ ─ ⅜ 43%⌐ ↕╣ ─ ⅜ ─ ⌐

⇔√≤ ↕╣╢  

-3.2.6 ⌐ Case4 6─ ─ ⌐ →└∏╖⅜ ⇔√ ≤ ─ →└∏╖

-3.2. 4 ─  

A Case1 

B Case5 

-3.2.5  ─  
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╩ ∆ Case4≢│

─ ⅜ ⌐ ⅛

∫≡ ⌐⌂╢╟℮⌐ ⇔√

↓╣│ ╩ ≤⇔√

≤ ∆╢ ≢№

╢⅜ ≢│ ─

─ →└∏╖─

│ ≤⌂╢ ⅜ ↕

╣≡™╢─⌐ ⇔ ≢│ ─ →└∏╖⅜ ╟╡ ↕ↄ⌂╢ ⅜

↕╣√ ↓╣│ ⅛╠ ⌐ ≤ ⅜ ∆╢↓≤≢ ─ ┼─

⅜ ↕╣√√╘ ⌐ ─ →└∏╖⅜ ⅝ↄ⌂∫√╙─≤ ⅎ╠╣╢ ╕√

Case6≢│ ⌐ ─ ⅜ ─ ⌐ ∆╢ ⅜ ∂≡™√ Case6≢│ ⅜

∑∏ ─ ⅜ ↕╣∏ ─ ⅜ ⌐ ⅝ↄ⌂∫√√╘↓─╟℮⌂

⅜ ╠╣√≤ ⅎ╠╣╢ ─ ⅛╠ ⌐╟╡ ╩ ∆╢↓≤≢ ─

┘ ⌐╟╢ ⅜ ↕╣╢↓≤ ─ ™⌐╟╡ ─ ⅜

∆╢↓≤⅜ ↕╣√  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

  

 

Case1

Case2

Case3

Case4

Case5

Case6

-100
0

100
200
300
400

-1,400 -700 0 700 1,400

↕
(
m

m
)

⅛╠─ ( mm)

-100
0

100
200
300
400

-1,400 -700 0 700 1,400

↕
(
m

m
)

⅛╠─ ( mm)

-100
0

100
200
300
400

-1,400 -700 0 700 1,400

↕
(
m

m
)

⅛╠─ ( mm)

-100
0

100
200
300
400

-1,400 -700 0 700 1,400

↕
(
m

m
)

⅛╠─ ( mm)

-100
0

100
200
300
400

-1,400 -700 0 700 1,400

↕
(
m

m
)

⅛╠─ ( mm)

-100
0

100
200
300
400

-1,400 -700 0 700 1,400

↕
(
m

m
)

⅛╠─ ( mm)

  Case1 Case2 Case3 Case4 Case5 Case6 

%   19.3 21.3 20.0 7.3 7.7 4.3 

 

mm  

 58 64 60 22 23 13 

 - - 1 1 1 1 

 

mm  

 63 40 100 27 3 6 

 - - 40 27 - 9 

 

-3.2. ─☻כ◔ 3 ─ ─  

-3.2. ─☻כ◔ 4  

A Case4 

B Case6 

-3.2.6  ─ →└∏╖ 
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3.3 ⌐ ∆╢ ─  

─ ─ ─ ╩ ≤⇔≡ ⌂

╩ ⇔√ ≢☻כ◔ ⌐ ≤ ─

─ ╛ ─ ⅜ ╕∫√↓≤╩ ⇔ ┼─

╩ ↕∑≡ ╩ ↕∑√ ⌐│ √

╡─ ≤ ╩ ⇔√  

─ ╩ -3.3.1 ⌐ ∆ ↓↓≢│ ─

Case1 ╩ ⇔√ Case6╩ ╡ →╢

Case1≢│ ⌐ ⇔√ ─◒ꜝ♇◒⌐ ⅜

⇔ ∕─ ⌐◒ꜝ♇◒╩ ≤⇔≡ ─ ⅜ ⇔

⌐ ⅜ ⅜╡ ⇔√ ◒ꜝ♇◒┼─

╩ ≤⇔≡ ⅜ ∆╢ │ ─ ⌐╟╢

⅛╠╙ ↕╣≡⅔╡ ≢│√╘ ⌐⅔↑╢ ─

╩ ≢⅝≡™╢≤ ⅎ╠╣╢ Case6≢│ ─

⅜ ↕╣√⅜ ⅜ ⇔ ◒ꜝ♇◒─ ╩ ∆

╢↓≤⌐╟╡ ⅜ ↕╣√ ↓─ │ ⌐╟╡

─ ─ ⅜ ╪∞ ≢№∫≡╙ ─

⌐ ⌂ ╩ ╘╢ ╣ ⅜ ↕╣≡™╣┌

⌐╙ ─ ⅜ ↕╣╢≤ ↕╣╢

─ ≤ ─ ╩ -3.3.1 ⌐ ∆ Case1 2

5≢│ ⅜ ─ 2 ≤⌂∫≡⅔╡ ─ ⌐

™ ⅜ ⇔√ Case3 4 6 ≢│ ≤

⅜ ⌡ ≤⌂∫√↓≤⅛╠ ↕⅛╠ ╣√ ─ ─╖⅜ ⇔√≤ ↕╣

⅜ ⌐ ╘╠╣√↓≤⅜ ⅛╢  

│ ⌐ ⇔≡ ⌐ ∆╢≤⇔≡╙ ─ ╩ ←↓≤⅜≢⅝╢₈ ╡

™ ₉⅜ ╘╠╣≡⅔╡ ⌐╟╢ ─ │∕─ ⌐ ∆╢ ≢№╢ √∞⇔

≢│ ╩№ↄ╕≢╙ ╩ ≤⇔≡ ⇔√↓≤ ─ ╛

⌂≥⅜ ↕╣≡™⌂™↓≤⌂≥─ ⅜№╢ ⌐╟╡ ⇔√ ─

╩╟╡ ⌐ ∆╢√╘⌐│ ↓╣╠─ ╩ ∆╢ ⅜№╢   

 

-3.3.1  ─ ≤  

 Case1 Case2 Case3 Case4 Case5 Case6 

 25 27 31 33 

 53 51 27 27 77 38 

 

 

3.4 ─∆═╡ ⌐ ∆╢ ─  

-3.4.1 ⌐ ╩ ∆ ≢│ ⌐╟╢ ─ ™ ≤⇔≡

14.5m 1:1.7 1:1─ ╩ ⇔√ ◘▬☼│ כ◔☻

ꜟ─ 1/35≢№╢  

-3.4.1 ⌐ ≥☻כ◔ ╩ ∆ ≢│Case1≤Case3─╖╩ ∆╢↓≤≤⇔

≡™√⅜ Case1≢│ ─╟℮⌐ ─ ⌐⅔™≡ ⅜ ⇔√√╘ Case2╩

∆╢≤≤╙⌐ Case2 3─ ─ ╘ ╩Case1⌐ ═≡ 5% ↕∑√  

│3.2 ≢ ⇔√ ≤ ≢№╢ │ -3.4.2 ⌐

─  

⅜  

(A)  Case1  

(B)  Case6  

-3.3.1  ─  
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∆ ♩ꜝⱨ EW☻כ◔ ≤⇔√ Case2≢│ ≡⇔≥♩כ◦ ↕0.1mm─

ⱦ♬כ◦ꜟכ♩╩ ™√ ≢│ⱦ♬כ◦ꜟכ♩╩ ─ ⌐ ⇔ ╩ ≤

ⱦ♬כ♥ꜟכⱪ≢ ⇔√ ─ ─ ⅜ⱦ♬כ◦ꜟכ♩⌐ ↕╣⌂™╟℮

⌐ⱦ♬כ◦ꜟכ♩╩ ⇔√  

 

  

 

 

 

 

 

 

 

 

 

 

  

  

 

 

ɔt (kN/m3) 

╘  

DC (%) 

 

 

ɔt (kN/m3) 

╘  

DC (%) 

Case1  15.7 84.7 19.7 97.8 

Case2 ◦97.6 19.6 89.5 16.9 ♩כ 

Case3  16.6 89.5 19.7 97.2 

 

─☻כ◔ ╩ -3.4. 3 ⌐ ∆ Case1

≢│ ─ ⌐⅔™≡ ⅜300mm⌐

⇔√ ─ ≢ ⅜ ⇔√

⌐ ≢ ↕⌂∆═╡⅜ ⇔ ∕─ ⌐

╩ ╗ ™∆═╡⅜ ⇔√ Case2≢│

─ ╘ ╩ Case1⌐ ═≡ 5% ↕∑√↓≤

╡╟⌐♩כ◦ ─ ┼─ ╩ ⇔√↓≤

⅛╠ │ ⇔⌂⅛∫√ ≢│

⌐ ─ ≢∆═╡ ⅜ ⇔ ∕─

⌐ ╩ ╗ ™∆═╡⅜ ⇔√ ∕╣

∙╣─∆═╡ ─ │ Case1≤╒╓ ≢№∫√

Case3≢╙ ─ ╘ ╩Case1⌐ ═≡ 5%

↕∑√↓≤⌐╟╡ ─ │ ⇔⌂⅛∫

√ ⌐│ ─ ─ ≢ ─ ⅜ ∂

√⅜ ∆═╡ │ ∑∏ │ ─ ╩ ⌡

∫√  

-3.4. 4⌐ Case3─ ─ →└∏╖

┘ ─ →└∏╖─ ⅜ ⇔√ ─

→└∏╖ ╩ ∆ →└∏╖─ │

─ ⅛╠ ↕150mm ─ ≢ ⇔√

─ →└∏╖⅜ ⌐ ═≡ ⅝ↄ

⌂∫√ ≤⇔≡ ─ ┼─ ⅜

300

450

60

350

2800  

1:1

1:1.7

630

( ╣ 180)

[ mm]

150

P1

-3.4.1   

-3.4.1 ≥☻כ◔   

-3.4. 2  

A Case1 

B Case2 

C Case 

-3.4.3   
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⅛╠─

≤ ─

⌐╟╡ ↕

╣√↓≤

⅜

⌐ ═≡

≢№╡

⅛╠─

⅜ ⌐

↕ↄ⌂∫√↓

≤ ⅜ ⅎ╠╣╢

-3.4.5 ⌐

─∑╪

╩ ∆

⌐ ∆╢∑╪ │ ⅛╠ ↕ 180mm≢ ⅛╠ ⌐ ⇔√  

Case1≤ Case2≢ ⇔√ ╩ ╗∆═╡ ≤ ─ ≤─ ↕⅜

170mm≢№╡ ∑╪ ─ ─ ↕≤ ™↓≤⅛╠ ─∑╪ ⌐╟╡∆═╡

⅜ ↕╣√≤ ⅎ╠╣╢  

 

3.5 ≤ ⌐ ∆╢ ─  

≢│ ⅛╠ ⌐ ∆╢ ≤

⌐ ⇔√ ⅛╠ ─ ⌐ ∆╢

╩ ∆╢ ⅛╠ ∆╢ ⌐│

- 3.5.1 ⌐ ∆╟℮⌐ ─ ⌐ ∆╢

≤⇔≡─ ≤ ⌐ ℮ ≤⇔≡─

╩ ╗ ↓↓≢│ ╩₈ ₉ ╩₈ ⇔

₉≤ ∆╢ ─ ⅝↕│ ─ ⌐ ∂≡

∆╢≤ ⅎ╠╣╢↓≤⅛╠ ≢│ ∆╢╟℮⌐

─ ⌐ ╩☻כ◔≡⇔ ⇔√  

-3.5.2 ⌐ ╩ ∆ ≢│3.2 ≢ ⇔

√ ≤ ─ ╩ ≤∆╢

─ ╩ ⅛ↄ ∆╢√╘ ◘▬☼│ ☻◔

─ꜟכ 17 ─1≤⇔ ─ ╩ ≤⇔√  

≤⇔≡ │◔▬ 7 ≤⇔ │

3.2 ─ A ≤

∆╢ ⌐ ⅎ 7 ◔▬ 7 ◌○

ꜞfi ╩ 8:1:1 ≢ ⇔√

C ≤ ∆╢ ╩ √

⌐ ™√ │ 90%╩ ╢

⌂ ╩ ≤⇔≡ ≢ ⇔

│ 75% ─ ™ ≤⌂╢

╟℮ ⇔√  

-3.5.1 ⌐ ╩☻כ◔ ∆ Case1-a

Case1-b│ ⌐ ∆╢ ╩ ╢№≢☻כ◔─╘√╢∆ ─ ╩

∆╢√╘ ╩ ⇔≡ ⇔√ ⌂ ╩ ≤⇔√ Case1-a≢│1:2≤ ⌂

  

─ 

 

Dr (%) 

 

Case1-a  - 1:2 

Case1-b  - 1:1.5 

Case2  73.3 1:2 

Case3  82.7 1:2 

-3.4. 4 ─ →└∏╖  

2800  

400

mm

600

150

170

-3.4. 5 ─∑╪  

-3.5. 1 ─ ─  

-3.5. 2  

-3.5.  ☻כ◔ 1
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╩ Case1-b≢│1:1.5≤ ─ ╩ ⇔

√ ↓↓≢ Case2 3│ ─ ⌐ ∆╢

╩ ╢№≢☻כ◔─╘√╢∆ Case2≢│ ⇔

─╖⅜ ∆╢ Case3≢│ ⇔ ≤

─ ⅜ ∆╢ ╩ ⇔ Case2≢│

Case3≢│ ⌐╟╡ ╩ ⇔√ Case2

≤ Case3≢│ ╩ ≤ ⇔√ ↓╣│

⅜ ∆╢ ─√╦╖ ╛ ⌐ ∂≡

⅜ ∆╢ ⅜№╢√╘ ─

╩ ╡ ╛ ─ ─ ╩ ↑⌐ↄ™

↕╣√ ⌂ ╩ ⇔√↓≤⌐╟╢

│ 5Hz 20 ─ ≤⇔ ╩0.5 m/s2

1.0 m/s2 2.0 m/s2≤ ⌐ ↕∑≡ ⇔√ ┘ │ - 3.5.3 ⌐ ∆ ╡≢

№╢ √∞⇔ Case1-a Case1-b ≢│ ╩ ≤⇔≡™╢√╘ P6 P14 │

⇔≡™⌂™  

 

(1) ⌐ ∆╢ ─  

Case1-a ≤ Case1-b ≢ ⇔√ ⌐ ∆╢ ╩ -3.5.4 ⌐ ∆ ⌐│

Zanger ─ ⌐ ≠ↄ ╩ ≢ ⇔√ ╕√ ─ │ ─ ╩

⇔≡™╢ ─ ⅜0.5 m/s2─ ≤ ⅜ ─ ⌐╟

╠∏ ⇔√⅜ ↓╣│ ↕╣╢ ⅜ ↕ↄ ≢ ⇔√ ─ⱡ▬☼─ ⅜ 

⌐ ⅝ↄ⌂∫√↓≤⌐╟╢ ─ ⅜1.0 m/s2 2.0 m/s2─ │

─ ⅜ ─ ╩ ⅝ ≤ ⅜ ⌡ ⇔√ -3.5. 5 ⌐ Case1-a

≢ ↕╣√ ⌐ ∆╢Case1-b─ ─ ╩ ∆ 7.5cm─ ≢│ ↕╣╢

⅜ ↕ↄ ⱡ▬☼─ ⌐╟╡ ⅜┌╠≈™√⅜ ∕╣ ─ ≢│ ╛ ⌐

╟╠∏ 1.0 1.2 ≤⌂∫√ ↓─ ⅛╠ ╛ ⌐╟╠∏ ⅜ ≢№╢╒

≥ ⅜ ⅝ↄ⌂╢↓≤ │ ≤ ⌡ ⌐№╢↓≤⅜ ↕╣√ √╘

─ │1:2 1:1.5─ ⌐ ╕╢╙─⅜ ↄ ⅛╠ ⌐ ∆╢

│ ─ ⌐╟╡ ≢№╢↓≤⅜ ↕╣√  

 

 

   

 

 

 

 

 

 

 

 

 

535

mm

150 5@75

5@75

85

D1

P11 P12

P13 P14

P1

P2

P3

P4

P5

P6

P10

P9

P8

P7

-3.5. 3 ≤  

A Case1-a         B Case1-b 

-3.5. 4 ⌐ ∆╢  

-3.5. 5 Case1-a 1-b─ 

    ─  
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( 2) ─ ⌐ ∆╢ ─  

-3.5.6 ⌐ Case2≤Case3≢ ⇔√

─ ╩ ∆ Case2≢│

─ ⌐╟╠∏ ⌡♀꜡╩ ≤⇔≡ ╩

╡ ⇔√─⌐ ⇔≡ Case3≢│ ⅜

─ ⌐ ™ ⇔√ ↓─ ⅛╠

Case2 ≢│ ╩ ⌐╟╡ ⇔√

√╘ ╙ ⌐ ™ ≤⌂╡

⇔ ─╖⅜ ⇔√≤ ⅎ╠╣╢

Case3≢│ ╩ ⌐╟╡

⇔√√╘ │ ⌐ ™ ≤⌂╡ ♄▬꜠▬♃fi◦כ─ ⌐╟╡ ⅜

⇔√≤ ⅎ╠╣╢ ─ ╩ -3.5.7 ⌐ ∆ -3.5.7 (A)╟╡ Case2≢│ ─

⌐ ™ ⇔ ⅜ ⇔ 20cm ─ ≢│ ≤ ⇔ ⅜ ⌡ ⇔√

-3.5.7(B)─Case3≢│ ─ ⅜0.5 m/s2╕√│1.0 m/s2─ │ ─

⅜Case2≤ ⅝⌂ ™│⌂™⅜ 2.0 m/s2─ ⌐│ ─ ⇔ ⅜ ⅝ↄ ⇔√

↓╣│ Case2 ≢│ ⅜ 0.01 ≤ │╒≤╪≥ ⇔⌂⅛∫√─⌐ ⇔

Case3≢│ ⅜ ≢ 0.14≤⌂╡ ⅜ ⇔≡™√√╘ ─ ה ╖

⅜ ⇔√↓≤≢ ─ ⌐╟╢ ⅜ ╕∫√↓≤⌐╟╢≤ ⅎ╠╣╢  

 

 

 

 

 

 

 

 

 

-3.5.8 ⌐ ─☻כ◔

─ ╩ ∆

│ ≢☻כ◔─≡ 20

─ ≤⇔≡™╢⅜

-3.5.8 ≢│↓╣╩ 5 ∏

≈ 4 ⌐ ↑≡ ⇔

⌐ ℮ ─ ╩

⇔√ ─

⅜ 0.5 m/s2╕√│ 1.0 

m/s2─ Case2 3─

⇔ │≤╙⌐ Case1-a

─ ⌐ ∆╢

╩ ∫√ ─ ⅜2.0 m/s2─ Case2≢│ ⇔ ⅜ ⌐ ⌡

⇔≡ ⇔√─⌐ ⇔ Case3≢│Case1-a 2╩ ╡ ⇔√ ⅜ ↕™ ≢│

-3.5. 6 ⌐ ∆╢ ─  

A Case2ה ⇔    B Case3ה ⇔     C Case3ה  

-3. 5. 7 ─  

-3.5. 8 ─ ─  
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⅜ ⌐ ↕╣╢↓≤⌐╟╡ ⇔ ⅜ ⌐╟╠∏ ⌡ ≤⌂∫≡™

√⅜ ⅜2.0 m/s2─ │ ⌐ ℮ ─ ה ╖⅜ ⇔√↓≤⌐╟╡ ─

⅜ ╕╡ ⇔ ⅜ ⇔√≤ ↕╣╢ Case3─ │ ⅜ 0.5 m/s2 1.0 

m/s2─ │ ↕⅛∫√⅜ 2.0 m/s2─ ─ │1.0 m/s2─ ─ 8 ≤⌂╡ 1.0 

m/s2 2.0 m/s2─ ╩ ≤⇔≡ ⇔√  

─ ⅛╠ ⌐ ⇔√ ⅛╠ ─ ⌐ ∆╢ │ ⇔ ≤

⌐ ↑╠╣ ∕─ ╛ ⅝↕│ ╛ ⌐ ∆╢↓≤⅜ ╠⅛≤⌂∫

√ ─ ⅝⌂ ⅜ ∆╢≤ ⅜ ╟╡ ⌐ ∆╢ ≢№∫≡╙

─ ╖╛ ⌐ ℮ ⇔ ─ ┘ ─ ⌐ ℮ ─ ⌐╟

╡ ⌐│ ⅝⌂ ⅜ ∆╢↓≤⌐⌂╡ ─ │ ≢⅝⌂™ │

╩ ∆╢ ≢№╢─≢ ─ ┼─ ─ ⅜ ↕╣ ─ ⌐╟╡ ⌂

─ ╛ ─ ה ─ ╩ ╟╡╙ ⌐ ↕∑╢↓≤⅜ ≤⌂╢

⌂ ה ┘ ╩ ∆╢ ╩ ⌐ ∆╢↓≤⌐╟╡ ─ ╩ ≈↓≤⅜

⌐⌂╢≤ ⅎ╠╣╢  

 

 

4  ⅜ ≤ ─ ⌐ ╓∆ ─  

4.1 ─  

3 ≢│ ╩⸗♦ꜟ ⇔ ┼─ ─ ⌐ ⅜ ╓∆ ╛ ≤ ⌐

∆╢ ─ ⌐≈™≡ ═√ √∞⇔ ─╖≢│ ⅜ ≢№╢ ⅎ≡

─ ≢│ ─ ┼─ ⌐≈™≡│ ᵑ ─ ⌐╟╡ ⅜ ⇔≡

─ ⅜ ∆╢↓≤⌐╟╢ ─ ≤ ─ ⌐╟╡ ─ ╩

∆╢↓≤⌐╟╢ ─ ⅜ ≢⅝⌂™ ᵒ ≤ ⅜ ≢⅝∏ ⌐

⅜ ╦╢↓≤≢ ∂╢ ⌂ ╩ ≢⅝⌂™≤™∫√ ⅜№╢ ↓╣╠─ ╩ ∆╢

√╘ ≤ ⇔√ ┘ ╩ ∫√  

⌐ ─ ⅜ ≤ ─ ⌐ ╓∆ ⌐≈™≡ ─ ╩

≥☻כ◔√⇔ ╩☻כ◔™⌂⇔ ⇔ ─ ⌐ ⇔≡ ─ ≤ ⅜∕╣

∙╣≥─ ⇔≡™╢⅛╩ ⇔√  

⌐ ─ ⅜ ≤ ─ ⌐ ╓∆ ⌐≈™≡ ─ ┘

⌐╟╢ ─ ╩Ɽꜝⱷכ♃≤⇔≡ ─╖╩ ∆╢ ≤ ╙ ∆╢ ╩

⇔ ╛ ─ ⌐≥─╟℮⌂ ⅜ ∂╢⅛╩ ⇔√  

 

4.2 ─ ─  

≢ ╕√│

─ ⌐ ⇔√ ╩ ≤⇔≡

╩ ⇔√

│♪כ◖ Ɽꜝⱷכ♃╩ ⅛ↄ

≢⅝╢LIQCA2D ≤⇔√ ╕√

─ │№╠⅛∂╘2

╩ ⇔≡ ⇔√  

⸗♦ꜟ╩ -4.2.1 ⌐ ∆ ─ ╩ ∆╢√╘ │ │

╢™≡⇔≥כꜝכ꜡ │ ⱦכⱶ ≢⸗♦ꜟ ⇔ ≢

≢ ╩ ⇔√ ┘ │ ─ ⇔ ⸗♦ꜟ │RO

⸗♦ꜟ⌐╟╡⸗♦ꜟ ⇔√  

-4. 2. 1 ⸗♦  ꜟ
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╩☻כ◔ -4.2.1 ⌐ ☼כꜞ◦

A─ ─☻כ◔ ╩ -4.2.2 ⌐ ∆

│B☼כꜞ◦ ≡™⅔⌐A☼כꜞ◦

⌐ ∆╢ ⅜

⌐ ⅝ ╦∫√ ≤⇔√ כꜞ◦

☼ A ≢│ CaseA-1 ┘CaseA-2│

─ ⌐ ∆╢

☻כ◔ CaseA-3│ ─ ─

╖╩ ⇔≡ ─ ╩

╕≢ ☻כ◔√∑↕

CaseA-4│ ─ ─╖╩ ⇔

≡ CaseA-1≤ ∂ ╩ ╢№≢☻כ◔√⇔  

 

-4.2.1  ☻כ◔ 
   ☻כ◔ 

Єз˔ЇA 

CaseA-1 σΰ ᵔ ὫᴮτṁξΨ 

CaseA-2 ‫ ꜠Ῥ  ᵔ ὫᴮτṁξΨ 

CaseA-3 σΰ ṁ ‰ή 

CaseA-4 ‫ ꜠Ῥ  CaseA-1ρ  

Єз˔ЇB 

CaseB-1 σΰ ᵔ ὫᴮτṁξΨ 

CaseB-2 ‫ ꜠Ῥ  ᵔ ὫᴮτṁξΨ 

CaseB-3 σΰ ṁ ‰ή 

CaseB-4 ‫ ꜠Ῥ  CaseB-1ρ  

 

(1)  ⅜ ☻כ◔╢∆ A☼כꜞ◦  

-4.2.3 ⌐ CaseA-1 CaseA-4 ─

─ ◖fi♃כ╩

- 4.2.4 ⌐ ─☻כ◔ ─

╩ ∆ CaseA-1≤CaseA-3

╩ ∆╢≤ CaseA-3≢│ ⅜

╕≢ ⇔√⌐╙ ╦╠∏

─ │ 1%⇔⅛ ⇔≡™

⌂™ ∆⌂╦∟ ⅜ ∆╢

─ │ ─ ─

⌐╒≤╪≥ ⇔⌂™≤ ⅎ╠╣╢  

─ ⅜ ─ ⌐ ╓∆

⌐ ∆╢≤ CaseA-2─ ─

│CaseA-1⌐ ═≡ 70% ⇔

─ │1mm≢№╡ CaseA-2

≤ CaseA-4 ≢│ ─ │╒╓

≢№∫√ ≈╕╡ ⅜

∆╢╟℮⌂ ≢│ ⌐╟╢

─ │ ─ ⌐╟∫≡

─╖ ↕╣√ ↓╣│ ⌐

⅜ ∆╢ ─

⌐╟╡ ⅜ ⌐ ⇔√

CaseA-3 ≤

CaseA-1 ⌐ ≠⅝

CaseA-4 CaseA-1≤

CaseA-2
⌐ ≠⅝
─ ╩

-4. 2. ─A☼כꜞ◦ 2 ≤  

-4. 2.3  ─ ◖fi♃כ 

-4. 2. ─☻כ◔ 4 ─  

A CaseA-1 B CaseA-2 

C CaseA-3 D CaseA-4 
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⌐ ⅜ ∆╢ ⅜ ≢№╡ ─ ╛ ≢│⌂ↄ ─ ⌐

∆╢√╘≤ ⅎ╠╣╢  

 

 o ⅜ ☻כ◔╢∆ B☼כꜞ◦  

-4.2.5 ⌐ CaseB-1 CaseB-4 ─

─ ◖fi♃כ╩

- 4.2.6 ⌐ ─☻כ◔ ─

╩ ∆ CaseB-1≢│ ─

╩ ⌐ ⅜ ⇔√─⌐

⇔ CaseB-3≢│ ─ ⅜

╕≢ ⇔√√╘ ≢

⅜ ∑∏ ─ ⅜ 5 ⌐

↕╣√ ↓─ ⅛╠ ─

⅜ ⇔ ⅜ ⇔√↓≤⌐

╟╡ ─ ⅜ ↕╣√≤ ⅎ╠

╣╢ ↓╣╠─ ≢☻כ◔

⅜ ⌂ ≢№╢⌐╙ ╦╠∏

≢ ⅜ ⇔√ │ ⇔™

╩ ⇔√↓≤⌐╟╢ ─

⅛╠ ⌐ ⅜ ∆╢ ≢│

─ ⅜ ─ ⌐

∆╢↓≤⅜ ╠⅛≤⌂∫√  

─ ─ ╩ ∆╢≤

CaseB-4─ │ CaseB-1─ 75%≢

№╡ ─ ⅜ ≢№∫≡

╙ ─ ╩⸗♦ꜟ ∆╢↓≤⌐

╟╡ ─ ⅜ ↕╣√ ─ ⌐╟╢ ─ │ ╩ ╦∏

↕╣╢≤ ≢⅝╢  

≢│ ⅜ ⌂≥ ⌂ ≢№╢ ⅜ ↄ ∕─╟℮⌂√╘ ≢│ ┼─ ─

╩ ∆╢ ╙ ⌐╟╡ ─ ╩ ∆╢ ╙ ─ ⌐ ∆╢≤

ⅎ╠╣╢ ╩√╘ ⌐ ∆╢ ⌐│ ─ ⌐ ⅎ≡ ─

╩ ⇔⌂⅜╠ ─ ╩ ⌐ ∆╢↓≤≢ ≤ ─ ╩

⌐ ≢⅝╢≤ ⅎ╠╣╢  

 

4.3 ─ ─  

≢ ⅜ ⇔√ ⌐ ⌐╟╢ ─ ⅜ ⇔√↓≤⅛╠

≢│ ⌐ ⅜ ∆╢ ╩☻כ◔ ≤∆╢ │♪כ◖ ╩ ⇔

√ ╩⸗♦ꜟ ≢⅝╢ ⅜ ╖ ╕╣√FLIP2D Ᵽכ☺ꜛfi7 ≤⇔√ ⸗♦ꜟ╩
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