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Summary 

 

After the 1995 Kobe Earthquake, severe earthquakes beyond design level have been 

frequently observed all over Japan. Since seismically isolated (SI) buildings are thought to be 

fragile when subjected to beyond design level earthquakes, better anti-seismic performance 

for SI buildings are highly needed. In this research, the author proposes an alternative SI 

system applying newly developed isolation bearings, which has much higher seismic safety 

margin compared to a conventional SI system applying lead rubber bearings (LRBs). Ultimate 

events, such as collision of superstructure with moat walls, excessive response of 

superstructure and damage or break of isolation devices, can be prevented by introducing the 

above proposed system. Followings are summary of the research. 

 

In Chapter 1 òIntroductionó, preceding researches regarding countermeasurs against above 

ultimate events for SI buildings are reviewed. It is concluded that no conventional technology 

or idea can prevent all the three ultimate events simultaneously. 

Chapter 2 òProposal of FSLRBó states the concept and composition of the proposed bearing 

named FSLRB which is an abbreviation of Fail-Safe LRB. It consists of a conventional LRB 

and a newly developed slider mechanism in series. Friction coefficient of the slider part is 

optimally provided to start sliding just before LRB gives a hardening property with the shear 

strain of around 250%. Then, the bearing behaves as a normal LRB which is just friction 

connected to building structure at either of upper or lower end, when subjected to design level 

earthquakes or smaller, while the sliding behavior keeps LRB away from hardening and 

shear break in beyond design level earthquakes. Hence, supporting a superstructure only by 

the proposed bearings will enable the whole SI building to protect from any structural 

damage regardless of the input ground motion level. A preliminary time history analysis for 

two SI building models, one applying only FSLRBs, the other applying only conventional 

LRBs, shows the advantages of the system with the proposed bearings. To realize the above 

high seismic performance, the most suitable slider material, which is a certain PTFE, is 

selected by conducting a series of dynamic loading test for each combination of stainless steel 

plate and 12 candidate slider materials. 

In Chapter 3 òMechanical Properties of FSLRBó, six kinds of scaled or full-scale FSLRB 

specimens are tested by dynamic or quasi-static loading. Dynamic loading of ẽ-414mm 

scaled FSLRB shows that the bearing almost behaves as expected in Chapter 2. Dynamic and 

static friction coefficients are roughly proportional to the power of surface pressures. 

Quasi-static loading of ẽ-900mm full-scale FSLRB defines maximum allowable surface 

pressure of 15N/mm2 and ultimate limit pressure of 20N/mm2, respectively. However, it 

should be noted that these values are rather conservative. Dynamic loading of two types of ẽ

-200mm scaled FSLRB, each has different second shape factor in LRB part, makes clear that 
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there is no apparent difference in mechanical properties between uni-directional and 

bi-directional loading, and entirely no damage to rubber due to the torsional motion of LRB 

part in bi-directional loading. Finally, ẽ-600mm and ẽ-900mm full-scale FSLRBs are tested 

by dynamic loading to confirm that the proposed bearing can be applied to actual buildings. 

Chapter 4 òDurability and Aging Effect of FSLRBó corresponds to a sub-theme of the 

research. As high-performance isolation devices should have even longer lifetime, durability 

of mechanical and chemical properties of LRB part and slider part are evaluated, respectively. 

Preceding studies show that covering rubber has an important role for rubber bearings to 

keep their properties less changed. Hence, aging effects of oxygen, water / saltwater on 

mechanical and chemical properties of two types of covering rubbers generally used for rubber 

bearings are experimentally studied. As for slider part, changes in mechanical property of 

scaled specimens are evaluated by continuous five-year outdoor exposure test and two-month 

saltwater cyclic spray test, respectively. These test results show that FSLRB has quite high 

durability for several decades of expected lifetime. 

Back to the main-theme of the research, Chapter 5 òSeismic Safety of SI Buiding applying 

FSLRBó mentions various kinds of detailed time-history analyses for isolated nuclear power 

plant models. Two types of six-degree-of-freedom analysis models are considered, one is 

supported by only FSLRBs, the other by only LRBs. Superstructure which consists of turbine 

building and reactor building both on rigid isolation raft is common for the two models. There 

is almost no difference in seismic response between FSLRB building and LRB building when 

subjected to design level earthquakes. On the other hand, many different behaviors can be 

seen in the two models when subjected to beyond design level earthquakes. Response 

accelerations and shear forces in superstructure of FSLRB building are quite smaller than 

those of LRB building. Maximum shear strain of FSLRB is almost within linear limit, while 

that of LRB nearly becomes shear break point. These analysis results indicate the great 

advantages of FSLRB building. However, it should be noted that both maximum and residual 

deformations at isolation level of FSLRB building can be extremely larger than those of LRB 

building. Also it is very unique that direction and dimension in residual deformation of LRB 

part are totally different in each FSLRB. Incidentally, another analysis result shows that no 

serious event happens to FSLRB building with such residual deformations remained at 

isolation level due to a beyond design level earthquake, when it is hit by a design level 

aftershock. Besides above results, arranging each FSLRB considering the dispersion of 

friction forces is highly recommended to avoid unneccesary torsional motion and residual 

rotation at isolation level. Furthermore, an idea of re-centering both isolation raft and every 

FSLRB after severe earthquakes is proposed. 

Finally in Chapter 6 òConclusionsó, the research results are summarized, and some points 

and tips for practical use of FSLRB are suggested. Also future plan is mentioned. 
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√ ≢○▬ꜟ─☻꜡♇◦fi◓⌐╟╢ ♃fi◒─ ⅜ ⇔ ∕─ ≤⌂∫√

⌐ ┘ ⅝⌂ ⅜ ╕╢⅝∫⅛↑≤⌂∫√⁹2007 │ ⌐

⌂ ╩╙√╠⇔ ⌐ ⅝⌂ ╩ ⅎ√⁹2011 ⅜ ₁⌐ ⅎ

√▬fiⱤ◒♩│↓↓⌐ ═╢╕≢╙⌂™∞╤℮⁹ ⌐≤∫≡│ ⅛╠ km

╙ ╣√ ⌐⅔™≡↕ⅎ ╛ ─ ⅜ ≢№╢ ╩ ⌂

ↄ ⅝≈↑╠╣╢↓≤≤⌂∫√⁹2016 ≢│ ⅛ 28 ─ ⌐ ≡ ↑⌐ 2 ╙

7 ─ ╣╩ ⇔√⁹ ≢ ╠╣√ Ɽꜟ☻ ─ │ ╛

⌐≤∫≡ ≤ ┬ ⅝⌂ ♅ꜗ꜠fi☺≤⇔≡ ∟│∞⅛╢↓≤≤⌂

∫√⁹ ≢ ⌐ ╩ ∆≤ ─ ⅜ ↕╣≡™╢ ♩ꜝⱨ╩ ≤∆╢

ⱪ꜠כ♩ 1), 2)╛ ─ ╩ ≤∆╢ 3)─ ⌂≥⅜

↕╣≡™╢⁹↓╣╠─ №╢™│ ─ ↄ⅜ ⌐ ╘╠╣√₈ ╘≡

⌐ ∆╢ ₉─꜠ⱬꜟ╩ ∫≡™╢⁹∆⌂╦∟ ↓╣╠─ │ ₈

₉≢№╢⁹ ⌐ ╘╠╣√ ꜠ⱬꜟ╩ ╢ ╩ ↑√≤⅝⌐ │≥─

─ ╩ ↑╢─⅛ №╢™│ ⅜ ⌐ ╢╕≢ ꜠ⱬꜟ─ ─

╩ ∆╢─⅛ ≤™∫√↓≤╩ ⌐ ∆╢ ⌐ ╠╣≡™╢≤ ⅎ╟℮⁹ 

│↓╣╕≢ 20 ⌐╦√∫≡ ─ ⌐ ⇔≡⅝√⁹ ⌐⅔™≡

│ ╩ ─ ⅛╠ ╢ ≢ ─ ≢№╢≤ ↄ ∂≡™╢⁹ -1.1.1 │

─꜠ⱬꜟ≤ ─ ╩ ↔≤⌐ ⌐ ⇔√╙─ 4)≢№╢⁹ │

─ ≢ ⌐ ⇔≡⅔╡ ╘≡ ⌐ ∆╢ ⌐ ⇔≡ ─ ╩ ∆╢↓

≤⅜≢⅝╢─│ ─↓≤ ꜠ⱬꜟ╩ ╢ ⌐ ⇔≡╙ ╩ №╢™│ ─

╩ ↑√≤⇔≡╙ ה ≢№╢↓≤╩ ⇔≡™╢⁹√∞⇔ │ ⅜

╠ ה ─⌂™ ⌐ ⇔√ ≢№╢≤│ ⅎ≡™⌂™⁹ ╩ ⅎ╢ ⌐

⇔ ⌐╟∫≡│ ⌐ ⅜ ∆╢ ╣─№╢↓≤│ ⅛╠╙ ↕╣≡™╢↓≤≢

№╢ 5) 7)⁹ -1.1.1 ─ ⅜↓─↓≤╩ ⌐ ⇔≡⅔╡ ꜠ⱬꜟ╩ ⌐ ╢
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╩ ↑√ ⌐│ ≤™ⅎ≥╙ ∏⇔╙ ╛ ╩ ∆╢↓≤⅜≢⅝⌂™ ╣

⅜№╢⁹ 

⌐ ∆╢ ─ ╩╙∫≡⇔≡╙ ⌐ ⌐ ∆╢

─ ⅝↕╛ ╩ ╟ↄ ∆╢↓≤│ ≢№╢⁹ ∫≡ ꜠ⱬꜟ─ ⌐ ∫

≡ ⅜ ⌐≥─╟℮⌂ ⌐ ╦╣ ⌐ ╢─⅛⌐≈™≡ ≢⅝╢

╡ ≢ ⇔ ⇔≡⅔ↄ↓≤⅜ ≢№╢⁹ ℮╕≢╙⌂ↄ ─ ⌐⅔

™≡ ⅜ √∆ │ ⌐ ⅝™⁹ ⌐│ ─ ─ ⌐ ═≡ ™⌐ ⅝

⌂ ╩ ∂ ⇔√♄fiⱤכ⌐╟╡ ◄Ⱡꜟ◑כ╩ ⌐ ∆╢⁹↓─√╘

⌂ ⅜ ⌐ ⅝⌂ ╩ ↑╢ -1.1.1 ⌐ ∆╟℮⌐ │

≤⇔≡ ╡⌐ ⇔ ─ ⌐ ╢╙─≤ ⅎ╠╣╢ 8)⁹ ⌂ ≤

⇔≡│ ─ ┼─ ─ ─ ⅜ →╠╣╢⁹ 

 

 

-1.1.1 ─ ♪כ꜠◓  
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↓╣╠─ ╩ ≡ ∆╢↓≤│ ≢№╡ ⌐≥─ ╩ ⇔ ≥─ ╩

∆╢⅛ ╢═⅝ ─ ⌐╟∫≡ ─ ⅜ ∆╢⁹ ∆╣┌ ─

│₈ ╛ ─ ╩ ⇔≡ ╩ ╢₉₈ ─ ╩ ⇔≡

╛ ╩ ╢₉─™∏╣╩ ∆╢⅛⌐╟∫≡ ╕╢⁹⌂⅔ ↓↓≢ ─ ≤

│ ─ ╕√│ ─ ─√╘ ⅜ ≢⅝⌂ↄ⌂╡ ─√╘⌐ ⅜ ≤

⌂╢ №╢™│ ≤⌂╢ ╩ ⇔≡™╢⁹ 

↓↓≢ ─√╘ ─ ╩ ◗ⱶ ─∑╪ ≢ ↕∑╢≤ ⌐

∂╢ ה ╩ ⅎ╢ ≢ ╙ ≤⌂╢─│ ◒ꜞ▪ꜝfi☻─ ≤

™℮↓≤⌐⌂╢⁹◒ꜞ▪ꜝfi☻╩ ↄ ╣┌ ─ ┼─ ⅔╟┘ ─

╩ ↕∑╢↓≤≤⌂╢⁹ ◒ꜞ▪ꜝfi☻╩ ↄ ╣┌ ◗ⱶ─∑╪ ⅜

∆╢⁹ ⌂ ◗ⱶ─◗ⱶ │ 150 200mm ≢№╢⅛╠ ─ ╖╩ 400%

≤∆╣┌ ◒ꜞ▪ꜝfi☻ 600 800mm ⅜ ─ ⌐ ∆╢ ⅎ ─

⌐⌂╢≤ ╦╣╢⁹ ⌐ ↕╣√ 1,565 ─ ⌐≈™≡ ◒ꜞ▪ꜝfi☻

╩ ⇔√ 9)⌐╟╢≤ ⌐ 450 500mm ╕√│ 550 600mm ⅜ ↄ⌂∫≡™╢⁹

─ ≤⌂╢ ╛ │ ╛ ≤ ⇔≡◒ꜞ▪ꜝfi☻╩ ╘⌐

∆╢ ⅜ ╠╣ ↔≤─◒ꜞ▪ꜝfi☻ │ 599mm 591mm ⌐ ⇔≡

550mm 534mm ≤ 50mm ─ ⅜ ╠╣╢⁹√∞⇔ ⌐ ╦╠∏

◒ꜞ▪ꜝfi☻ 600mm ⅜ ╩ ╘≡⅔╡ ─ ─ │ ≤⇔≡ ↓╣╠─

│ ◗ⱶ ─ ╩ ⇔ ₒ ─ ₓo ─ ₓ≤™℮

╩ ⇔≡™╢╙─≤ ⅎ╠╣╢⁹√∞⇔ ╛ ─ ה ⅜ ⌐ ↕╣⌂™

│ ╙ ╩ ⌐ ↕∑⌂⅜╠ ─ ⅜ ⇔ ⌐│ ◗ⱶ

─∑╪ ╛ ⌐ ╢ №╢™│ ─▪☻Ɑ◒♩ ⅜ ⅝↑╣┌ ┼─ ⌐╟

╡ ─꜡♇◐fi◓ ⅜ ↕╣ ◗ⱶ ─ ╩ ⅝ ↓∆ ≤™∫√↓≤╙

ⅎ╠╣╢⁹ 

◒ꜞ▪ꜝfi☻⅜ ⌐ ↕╣╢ │ ─ ┼─ ╛ ─

╩ ⇔ ◗ⱶ ─∑╪ ╩│∂╘≤∆╢ₒ ─ ₓ≤™℮ ╩

⇔≡™╢╙─≤ ⅎ╠╣╢⁹⇔⅛⇔⌂⅜╠ ⌐ ◗ⱶ ⅜♃כ꜠♁▬▪╢∆≥╘∂│╩

╛ ╩ ∂╢≤ ─ ╕≢╙ ⇔ ─ ⌂≥─ ⌂

╩ ⅝ ↓∆ ╣⅜№╢⁹↓─ ─ ⌂ ╩ ╣√≤⇔≡╙

⌐○▬ꜟ☺ꜗ♇◐ ╩ ⇔≡ ⇔√ ╩ ∟ → ⅜ ∫√╕╕─▪▬

╩♃כ꜠♁ ⇔≡ ╩ ⌐ ∆╢≤™℮ ─ ╩ ⅎ╣┌ ─

│ ╘≡ ≤⌂╢ ╣⅜№╢⁹ 

↓╣╠─ ╩ ∆═ↄ ↓╣╕≢⌐ ₁⌂ ╛ ⌂≥⅜ ╦╣≡

™╢⁹ ≢│↓╣╠─ ⅛╠ ∞∫√╙─╩꜠ⱦꜙ⁹╢∆כ 
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1.2 ─  

 

─ ∆⌂╦∟ ꜠ⱬꜟ─ ⌐ ∆╢ ⅜

⌐ ∆╢꜠ⱬꜟ─ ─ │ ⅝™ ⅜ ╕⇔™↓≤│ ℮╕≢╙⌂™⁹√∞⇔

─ ≤⇔≡│ ╛│╡ ⌐ ─ ™ ꜠ⱬꜟ─ ⌐ ⇔≡

≤⇔≡─ ╩ ⇔√ ≢ ╩ ⅎ╢ ⌐ ∆╢ ⌐ ∆╢═

⅝≢№╢⁹ ꜠ⱬꜟ─ ╛ ─ ╩ ∆╢№╕╡ ꜠ⱬ

ꜟ─ ⌐ ∆╢ ╩ ↕∑╢↓≤│ ≢№╡ ≢⅝╢ ╡ ↑√™≤↓╤≢

№╢⁹ 

⌐₈ⱨ▼▬ꜟ☿כⱨ₉≤™℮ │ ₈⌂╪╠⅛─ ≡™⅔⌐ⱶ♥☻◦ה ה

⌐╟╢ ⅜ ⇔√ ⌐ ⌐ ∆╢↓≤⁹╕√│∕℮⌂╢╟℮⌂ ≢

─└≤≈⁹↓╣│ ╛◦☻♥ⱶ│ ∏ ∆╢≤™℮↓≤╩ ⌐⇔√╙─≢№╢⁹₉

10)⌂≥≤ ↕╣╢╟℮≢№╢⁹ ∂≡ ⌐⅔™≡│ ₈ ╩ ⅎ╢ ⌐ ⇔√

≢╙ ⌐ ╘╠╣╢ ⅜ ⌐ ⌂╦╣╢↓≤─⌂™╟℮ ◦☻♥ⱶ⌐ ╠⅛─

╕√│ ─ ╩ ∆↓≤₉≤™∫√╟℮⌂ ™≢ ╦╣╢↓≤⅜ ™╟℮≢№╢⁹

∫≡ ꜠ⱬꜟ╩ ⅎ╢ ⌐ ⅎ≡ ⌐ ↕╣╢ ╠⅛─ │ ⱨ▼

─ⱨ◦☻♥ⱶכ☿ꜟ▬ ≤ ↑╠╣╢≢№╤℮⁹ 

─ ⌐ ∆╢ ─ ╕╡≤≤╙⌐ ⌐⌂∫≡ ─ ⌐ ∆╢ⱨ

⌐ⱨ◦☻♥ⱶכ☿ꜟ▬▼ ⅜ ╕╡ ₁⌂ ╛▪▬♦▪ ⅜ ⇔≡™╢⁹

⇔⅛⇔⌂⅜╠ ↓℮⇔√ │ 1980 90 ─ ⌐⅔™≡ ─ ⌂

ה ─ ≢│ ⌐ ↄ ↕╣≡⅔╡ ₁⌂ⱨ▼▬ꜟ☿כⱨ◦☻♥ⱶ⅜ ↕╣≡™╢⁹

ⅎ┌ -1.2.1 ⌐ ∆╟℮⌐ ▪ⱷꜞ◌ה◌ꜞⱨ◊ꜟ♬▪ ─ Foothill Communities Law and 

Justice Center 1985 │ ◗ⱶ ─ ╡⌐ ↕ ⌐ 25mm ─ ╩№↑√

╩ ⇔√ꜝfi♦▫fi◓ ⅜ ↕╣≡™╢ 11)⁹ ◗ⱶ ⅜ ⌐ ℮

⌂≥⌐╟∫≡ ─ ╩ ⇔√ ⌐│ ⅜ ╦∫≡ ╩

∆╢╟℮⌐⌂∫≡™╢⁹ 

 

 

 

 

 

 

 

 

 

 

-1.2.1 Foothill Communities Law and Justice Center ─ꜝfi♦▫fi◓ 11) 
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⌐⅔™≡╙ -1.2.2 ⌐ ∆Ᵽ♇◒▪♇ⱪ◦☻♥ⱶ─ ⅜ ╦╣≡™╢ 12) 14)⁹

│ ⌐ ☿fi♃כ꜡♇♪ ⌐↓╣╩ ╗╟℮⌐◗ⱶⱤ♇♪≤ꜞfi

◓ ⱪ꜠כ♩╩ ⇔√ ⅜ ↕╣≡™╢⁹☿fi♃כ꜡♇♪ ╡⌐ ↑╠╣√◒ꜞ▪ꜝfi

☻ ⌐ ⅜ ∆╢≤ ꜡♇♪≤ ⅜ ⇔≡Ɫכ♪♬fi◓ ─ ⅜ ⇔

─ ╩ ∆╢⁹ │ ─ ─ ╩ ∆╢√╘─

╩ ⇔√╙─≢ ╕√│ ⌐ ─ ◒ꜞ▪ꜝfi☻╩ ⇔√ ≢ ╡ ↑

╠╣╢⁹ ꜠ⱬꜟ─ ⌐╟╢ ≢│ ∑∏ ↓╣╩ ⅎ╢ ⌐ ─

╩ ∆╢≤≤╙⌐ ◄Ⱡꜟ◑כ╩ ∆╢⁹↓╣╠─ │ 1990 ─ ≢ ─

⌐ ↕╣√ ╩ ∆╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

-1.2.2 Ᵽ♇◒▪♇ⱪ◦☻♥ⱶ 14) 

 

 

-1.2.3 │↓╣╠─ ⌂◦☻♥ⱶ ⅔╟┘ ⌐⌂∫≡ ה ↕╣≡™╢ ₁⌂ ה

▪▬♦▪╩ ─ ─ ⅎ ⌐ ∫≡ ⇔√╙─≢№╢⁹ ─ ╡ ─

╩ ⅎ╢ ≢ ╙ ∆═⅝↓≤│ ┼─ ─ ≢№╢≤ ╦╣╢─≢ ↓

╣╩ ⌐ ╩ ∫≡™╢⁹ 

 

ₒ ─ ₓ 

 ┼─  

  

─ ◒ꜞ▪ꜝfi☻ ─ ─ ⌐⅔↑╢ ☼כ♬─

⌐╟╢◖☻♩ⱷꜞ♇♩ ⌂≥─ ╩ ╕ⅎ╣┌ ╙ ⌂ ⅎ │

─ ┼─ ╩ ∆╢↓≤≢№╢≤ ╦╣╢⁹↓─≤⅝ ♃כ꜠♁▬▪│ ♄fiⱤכ

─ ─╖⌂╠∏ ─ ⅜ ╦∫≡ ⅜ ≤⌂╢↓≤⅛╠ ⌐ ™

╩ ⇔≡™╢⅛ №╢™│ ⌂ ╩ ∆╢↓≤⅜ ≤⌂╢⁹ ╙↕╠⌐

─ ⅜ ⇔√╡ ─꜡♇◐fi◓ ╩ ⇔√╡∆╣┌ ⌐│ ─

 

Horizontal shock absorber 

 

Horizontal stopper 
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ה ⌐╕≢ ╢⁹ ∫≡ ≤⇔≡ ─ ╩ ∆╢ ⅔╟┘

⅜ ⌐ ╓∆ ╩ ה ∆╢ ⅜ ≤⌂╢⁹↓℮⇔√ ╖│

╩ ™√ 15) E ♦▫ⱨ▼fi☻ ╩ ™√ ─

16)╛ ╛ ╕≢ ⌐⸗♦ꜟ ⇔√ FEM ╩ ⌐ ─ ⸗♦ꜟ

╩ ⇔√ 17)⌂≥⌐╟╡ ⇔≈≈№╢⁹╕√ ⅜ ⌐ ∆╢ ─ ╩

∆╢≤≤╙⌐ ─ ה ╩ ∆╢↓≤╩ ⇔√ ≤⇔≡ ─

12) 14)╛ 18) ⱨ▼fi♄⁹╢№⅜≤⌂(19כ ─ ⅛╠

⌐ ╢╕≢ ╛ ┼─ ⅜ ╦╣≡™╢ ⌂ⱨ▼▬ꜟ☿כⱨ◦☻♥ⱶ≢№╢≤™℮↓

≤⅜≢⅝╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

-1.2.3 ─ 8) 

⸗♦ꜟ

♁ⱨ♩ꜝfi♦▫fi◓

2 ◗ⱶ

ǵ1800 ◗ⱶ

⌂⇔

ꜝfi♦▫fi◓

START

┼─

⌂⇔

ⱨ▼כ☿ꜟכⱨⱳ☻♩

Ɽ♇◦Ⱪ ○▬ꜟ
♄fiⱤכ

○▬ꜟ♄fiⱤכ

┼─ ┼─ ┼─

ⱨ▼fi♄כ

◗ⱶ
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ₒ ─ ₓ 

 ┼─  

  

┼─ ╩ ∆╢√╘⌐ ─ ╩ ⌐ ∆╢ ⌐≈™≡╙ ₁⌂

⅜ ה ↕╣≡™╢⁹ ─ꜝfi♦▫fi◓ 11)│ ⅜ ה ⇔√ ⌐

╩ ╦∫≡ ∆╢ ⱨ▼▬ꜟ☿כⱨ◦☻♥ⱶ─ ↑≢№╢⁹♁

ⱨ♩ꜝfi♦▫fi◓ 20), 21)│ ⌐ ─ ⅎ⌐ ≠ↄⱨ▼▬ꜟ☿כⱨ◦☻♥ⱶ≢№╢

⅜ -1.2.4 ⌐ ∆╟℮⌐ ◗ⱶ ─ ⌐ ℮ ╖ ╖╩ ⌐ ∆╢ ⅜

≢№╢⁹ꜝfi♦▫fi◓ ─ ⌐╟╡◄Ⱡꜟ◑כ╩ ⇔ ─ ╩ ∆

╢↓≤╩ ⇔≡™╢⁹ꜝfi♦▫fi◓ │ ∆═╡ ≤ ─ ≤⌂∫≡⅔╡ ⱨ♇

◄♅꜠fi ⌂≥─∆═╡ ≤☻♥fi꜠☻⌂≥─∆═╡ ╩ ╖ ╦∑≡ ∆╢⁹ꜝfi♦▫

fi◓ ─ ◒ꜞ▪ꜝfi☻╛ ─ ⌐╟∫≡ꜝfi♦▫fi◓─♃▬Ⱶfi◓╛ꜝfi♦▫fi◓

─ ╩ ∆╢↓≤⅜≢⅝╢√╘ ┼─ ─ ─ ה ─

─ ╛ ─ ─ ⌂≥ ⅜ ∆╢ ⌐ ∂√ ™ ╩

∆╢ⱨ▼▬ꜟ☿כⱨ◦☻♥ⱶ≢№╢≤ ⅎ╠╣╢⁹ ◗ⱶ 22)╛ⱨ▼כ☿ꜟכⱨ

ⱳ☻♩ 23)│ ─ 12) 14)≤ ⌂≥≤─ ⌐ ─◒ꜞ▪

ꜝfi☻╩ ↑≡ ∆╢☻♩♇ⱤהכⱢכ♪♬fi◓ ─ⱨ▼▬ꜟ☿כⱨ◦☻♥ⱶ≢№╢⁹↓

╣╠─◦☻♥ⱶ╩ ∆╢ ┌╠≈⅝─ ⅝™ ─ ╩ ∆╢ ⅜⌂™

√╘ ☻♩♇Ɽכ┼─ ─ ╩ ╟ↄ ∆╢↓≤⅜≢⅝╢╙─≤ ╦╣╢⁹

⇔⅛⇔⌂⅜╠ ☻♩♇ⱤהכⱢכ♪♬fi◓ ≤╙ ─ ≤─

╩ ∆╢√╘⌐│ ◦☻♥ⱶ─◒ꜞ▪ꜝfi☻ ╩⌂╢═ↄ ↕ↄ⇔≡ ⌐ ╩ ⇔

⌐ ™Ɫכ♪♬fi◓ ⌂╠┘⌐ ⅝⌂ ה ╩ ∆╢ ⅜№╢⁹ ∫≡

─כfiⱤ♄┘╟⅔♃כ꜠♁▬▪─ ⌐ ⅎ ↓╣╠ ─ ⌐ ⅝⌂ ⅜

⇔≡ ─ ⅜ ≤⌂╢↓≤│ ↑╠╣⌂™◦☻♥ⱶ≢№╢⁹ ⌐ √∫≡│ ↓

─↓≤╩ ≤⇔√ ─ ⅜ ≤⌂╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

-1.2.4 ♁ⱨ♩ꜝfi♦▫fi◓ 21) 
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Ɽ♇◦Ⱪ ○▬ꜟ♄fiⱤ24כ)╛ ○▬ꜟ♄fiⱤ25כ)│ ♄fiⱤכ─

╛ ⌐ ∂≡ ⅜ ╡ ╦╢ ╩ ∆╢⁹↓╣╠─ ○▬ꜟ♄fiⱤכ│

꜠ⱬꜟ─ ⌐ ⇔≡ ⌂ ╩ ⇔≈≈ ⌐│ ⅝⌂ ╩ ⇔≡

─ ╩ ∆╢⁹ ─ ─≤⅝─╖⌐ ∆╢ ╩ ↑╢─≢│⌂ↄ 1

─♄fiⱤכ≢ ꜠ⱬꜟ⅛╠ ╕≢ ⌂ ꜠ⱬꜟ⌐ ≢⅝╢↓≤⅛╠

─⌂™ ⌂ⱨ▼▬ꜟ☿כⱨ◦☻♥ⱶ≢№╢≤ ⅎ╠╣╢⁹√∞⇔ ─ ⌐│ ⌂

≢ ─ ╩ ∆╢ ≢№╢↓≤⌐│ ╦╡⌂ↄ ╛│╡ ─

│≥↓╢⌂≥ⱨ○♪כ꜠♩─≥ ↑╠╣⌂™⁹ 

 

ₒ ─ ₓ 

 ┼─  

  

┼─ ─ ≤╙⌐ ∆╢ ◒ꜞ▪ꜝfi☻╩ ⅝ↄ ∫≡

╩ ⇔ ─ ה ╩ ↕∑╢↓≤≤⌂╢⁹ ─ ◗ⱶ ╩ ™╢

◦☻♥ⱶ≢│ ≡─ ◗ⱶ ⅜ ⌐ ה ∆╢↓≤│⌂ↄ 1 ─

⅛╠ ⌐ ╢╕≢⌐№╢ ─ ⅜ ∆╢≤ ⅎ╠╣╢⁹↓℮⇔√ ⅛╠ ◗

ⱶ ╩ ™√ ◦☻♥ⱶ─ ⌐ ∆╢ ⅜ ╦╣≡™╢ 26)⁹╕√

⅜ ⇔√⅛≥℮⅛│≤╙⅛ↄ ◗ⱶ ╩ ꜠ⱬꜟ⌐ ⇔ ⌐ ◗ⱶ

⅜ ⇔√ │ ⅜ ⌐ ∆╢↓≤⌂ↄ ⌐∆═╡ ∆╢ ≤⌂∫

≡™╢ 27)╙№╢⁹⇔⅛⇔⌂⅜╠ ⌐ ◗ⱶ ─ ╩ ⌐

╟ↄ ≢⅝√≤⇔≡╙ ה ⇔√ ◗ⱶ ─ ─ ↕⌐ ╖≡ ╕⇔™

≢№╢≤│ ™ ™╟℮⌐ ╦╣╢⁹ ∫≡ ⌐│ ─♃כ꜠♁▬▪ ╩

↕∑ ה ⌐ ╢╕≢─ ╩≢⅝╢ ╡ ∆╢ ⅜ ╠╣╢⁹↓℮⇔√

ⅎ─╙≤ ⌐⌂∫≡ ─ ⅜ ⇔≡™╢⁹ 

ɫ-1,600mm ╩ ╢ɫ-1,800mm ─ ◗ⱶ HDR X0.6R ⌂╠┘⌐

ⱪꜝ◓ ╡ ◗ⱶ LRB ⅜ ╩ ⅎ ⌐ ↕╣╢ ⌐№╢ 28), 29)⁹↓╣╠─

│ ≢№╢↓≤╩ ⅛⇔≡ 2 S2=5.6 ≤ ⌐ ╣⌂⅜╠ ◗ⱶ 321.9mm

╩ ⇔≡™╢⁹ -1.2.5 ⌐ ∆ ╡ ≢ ⇔√∑╪ ╖│ HDR LRB ≤╙

±250% 370%╕≢≢№╡ ≤╙⌐ ╩ ∆╢⌐│ ∫≡™⌂™⅜

╖ 400%≤ ⇔≡╙ 1.3m ™ ╩ ⇔≡™╢↓≤≤⌂╢⁹2 ◗ⱶ 30)│ ─

◗ⱶ 4 ∏≈╩2 ╖⌐⇔ ─ ─ ⌐ ⌂ ╩ ⇔√╙─≢№╢⁹

⌐╟╢ │ ╦╣≡⅔╠∏ -1.2.6 ⌐ ∆╟℮⌐ 1 №√╡ ɫ

-200mm ╩ ™√ ╛ FEM ⌐╟∫≡ ⅜ ↕╣√ ≢№╢⅜

─ ⌐│ ─◗ⱶ ╩ ⌂ 200mm ╖╩ 400%≤⇔≡╙ 1.6m ─

⅜ ≢⅝╢↓≤≤⌂╢⁹↓╣╠─ │ ™∏╣╙ ⌐│ ⌐ ⇔

≡ ⌐ ╢ ╕√│ ◒ꜞ▪ꜝfi☻⌐ ⇔≡ ⅜ ⌐ ∆╢⅜ ∕℮⇔√

⌐ ╢╕≢─ ╩ ╘╢─⌐ ≢№╢⁹ 
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-1.2.5 ɫ-1,800mm ◗ⱶ─ 28), 29) 

 

 

 

 

 

 

 

 

 

 

 

-1.2.6 2 ◗ⱶ ─ 30) 
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1.3 ─  

 

≢ ⇔√ ─ │ ™∏╣╙ ┼─ ─ ─

─ ≡─ ╩ ∆╢↓≤│≢⅝⌂™⁹∕↓≢ │ ⌐⅔™≡ ─ ╩

╢ ⌐ ╦╣√ ≢╙ ─ ╛ ╩ ⌂℮↓≤─⌂™ √⌂

⅔╟┘ ◦☻♥ⱶ╩ ⇔ ∕─ ╩ ∆↓≤≤∆╢⁹ ⌂╠┘⌐ ◦

☻♥ⱶ ─ ⌐│ ─ ≡╩ ∆╢↓≤⅜ ≤⌂╢╙─≤ ⅎ╢⁹ 

─ ╘ │ ─ ╡≢№╢⁹ 

╕∏ ⌐⅔™≡ ∆╢ ⇔™ ─ ≤ ⌂ ⌐≈™≡ ⇔ ╩

™√ ◦☻♥ⱶ≤ ─ ◦☻♥ⱶ─ ⸗♦ꜟ⌐╟╢ ╩

∫≡ ╩ ™╢ ◦☻♥ⱶ─ ╩ ∆╢⁹↕╠⌐ ╩ ∆╢⌐

√∫≡─ ≤⌂╢∆═╡ ⌐≈™≡ ∆═⅝ ╩ ∆≤≤╙⌐ ⌐ ⇔√

∆═╡ ─ ╩ ℮⁹ 

≢│ ⅛╠ ╕≢ ₁⌂♃▬ⱪ─ ╩ ה ⇔

⅔╟┘ ╩ ∫≡ ⌐ ≤⌂╢ ─ ⌂╠┘⌐ ה

╩ ⇔√ ─ ╩ ℮⁹ ─ⱷ▬fi♥כⱴ≢№╢ ◦☻

♥ⱶ╩ ∆╢√╘─ ≤⌂╢ ≢№╢⁹ 

│ ─◘Ⱪ♥כⱴ⌐ ⇔ ─ ה ⌐≈™≡ ∂╢⁹

│ ⌐╦√∫≡ ⇔√ ╩ ⇔ ⌐ ∆╢ ─⌂™↓≤⅜

╕⇔™⁹ ─ ⌐≈™≡ ⌐╦√╡ ₁⌂ ⌐ ↕╣ ↑╢↓≤

⌐╟╢ ─ ™╩ ─ ⅔╟┘ ⌐╟╡ ∆╢⁹ 

≢│ⱷ▬fi♥כⱴ⌐ ╡ ≢ ⇔√ ╩ ™√ ◦☻♥ⱶ ⅔╟┘

─ ◦☻♥ⱶ─ ⌂ ╩ ℮⁹ ◦☻♥ⱶ─ ⌐╟╡

◦☻♥ⱶ─ ≤ ╩ ∆╢⁹↓↓≢ ╠⅛≤⌂╢ ⌐≈™≡│ ⅝ ⅝

⌂ ╩ ∫≡ ◦☻♥ⱶ⌐ ╓∆ ─ ™╩ ⌐ ∆╢⁹ 

⌐ ⌐⅔™≡ ─ ╩ ∫≡ ┼─ ─ ╩╕≤╘╢⁹ ⌐

─ ⌐≈™≡ ═╢⁹ 
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FSLRB ─  

 

2.1 FSLRB ─  

 

2.1.1 FSLRB ─  

 

─ ⅜ ╘╠╣╢ ╩ ╘≤∆╢ ⌐│ ╩

ⅎ╢ ⌐ ⅎ≡ ™ ╩ ∆╢ ─ ⅜ ╕╣╢⁹ ≤⇔≡

╙ ⌂ ◗ⱶ │ ⌂ ≥♃כ♦ ⌂ ╩ ∆╢ ─ ™ ≢

№╢⅜ ─ ⌐ ⇔≡│ ╩ ∆╢ ╣⅜ ≢⅝⌂™⁹ ⅜ ⌐

∆╢≤ ⌐ ⌂Ɫכ♪♬fi◓ ╩ ∂ ─ ╩ ⅝ ↓∆⁹↕╠

⌐ ⅜ ∆╢≤ ⌐│∑╪ ╛ ⌐ ╢⁹ 

≢ ∆╢ │ ⱪꜝ◓ ╡ ◗ⱶ Lead Rubber Bearing LRB ⌐

∆═╡ ╩ ⌐ ∆╢╙─≢№╢⁹ ⌐ LRB │ ⱨꜝfi☺╩∕╣∙╣ ⌐Ⱳ

ꜟ♩ ∆╢─⌐ ⇔ │ ─™∏╣⅛╩Ⱳꜟ♩ ╩ ≤⇔√ LRB

≤╖⌂∆↓≤⅜≢⅝╢⁹ ⅜ ⇔≡™╢ ╡ ─ LRB ≤ ╦╡⌂™ ╩ ∆╢⁹

꜠ⱬꜟ ⌐ ∫≡ ⅜ ╣╢≤∆═╡ ⅜ ╩ ⇔ LRB ⌐│∆═╡

╩ ╢∑╪ ⅜ ⇔⌂ↄ⌂╢⁹↓─√╘ LRB │∑╪ ╩ ╣╢≤≤╙⌐ ─

∑╪ │ ╩ ⅝ↄ ╢↓≤⅜⌂™⁹ ─╖≢ ╩ ∆╢ ≤∆╢↓

≤≢ LRB ─ ┼─ ⌂ ─ ─ ⅜ ≤⌂╢⁹ ─ ⌂

↑╩ -2.1.1 ⌐ ─ ╩ -2.1.2 ⌐ ∆⁹ 

 

 

 

 

 

 

 

 

 

 

-2.1.1 ─ ⌐⅔↑╢ FSLRB ─ ↑  

START

┼─

⌂⇔
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╩ ⅎ╢ ─╖ ◗ⱶ ≤ ≤─ ⅜ ╣╢↓≤≢

─ ╩ ∆╢↓≤⅛╠ ↓╣╩ ─ⱨ▼▬ꜟ☿כⱨ ≤ ⅎ ╩₈ⱨ▼▬ꜟ

ⱨכ☿ ⅝ LRB₉ Fail-Safe LRB FSLRB ≤ ∆╢↓≤≤∆╢⁹FSLRB ─ │

▪ⱨꜞ◌Koeberg ⌐ ↕╣√◒꜡꜡ⱪ꜠fi ◗ⱶ ≤∆═╡ ─

1)╛ ⌂ ∆═╡ ≤ ≢№╢⅜ ◗ⱶ ⅜ ╩ ∆╢ ≤⇔≡

Ⱳꜟ♩ ≤ ╩ ∆╢ ◗ⱶ ≢№∫≡ ꜠ⱬꜟ─ ⌐ ⇔≡ ─∆

═╡╩ ⇔⌂™ ≢ ⌂╢╙─≤ ⅎ╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                  FSLRB                              LRB 

 

-2.1.2 FSLRB ─  

×Shear break

250% 400%

×Buckling
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─ ⌐ √╡ ╕∏ ╘⌐ FSLRB ⅜ LRB ⌐ ═≡ ™ ╩ ∆╢↓

≤╩ ∆╢√╘ FSLRB ⅔╟┘ LRB ─ ╩ ™≡ ─ ╩

∆╢⁹ 

─ ╩ -2.1.1 ⌐ ╩ -2.1.3 ⌐ ∆⁹FSLRB ─∆═╡ │ ─

∆═╡ ⌐ ™╠╣≡™╢ ⱨ♇ ◄♅꜠fi Poly Tetra Fluoro-Ethylene

PTFE ∆═╡ ╩ ⇔ SUS304 ☻♥fi꜠☻ → ≤ ╖ ╦∑╢↓≤≤∆╢⁹

ɛ │ 0.1 ≢№╢⁹LRB │ ẽ-414mm×414mm ◗ⱶ 56mm ╩

™╢⁹∆═╡ ─ ╩ ⅝ │ ↄ ─ ╩ ∆╢⁹ 

 

 

-2.1.1 ─  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

-2.1.3 ─  

∆═╡ SUS304 →  

∆═╡  

◗ⱶ G4 ẽ-414×414 
 tR=1.93m×29  

 ẽ-414×414 
tS=1.6mm×28  

ⱪꜝ◓ 

 

 

 (NR)

0.392N/mm2

ẽ-414mm×414mm (C25)

ǵ-99mmĮ1

1.93mm×29 (=56mm)

1.6mm

 S1  S2 55  7.4

 (ɾ=1.0) 15.6kN/mm

2  (ɾ=1.0) 1.20kN/mm

 (ɾ=1.0) 61kN

ẽ-414mm×414mm(R20)

8mm

SUS304 ( )

-1,800mm×1,100mm

6mm
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╩ -2.1.2 ⌐ ∆⁹ ה 2 ╩ ™ 10N/mm2 ≢∑╪

╖ 100% ╖≢ 400%╕≢ 1◘▬◒ꜟ∏≈ ╩ ∫√ LRB │∑╪ ⌐ ╢╕≢

FSLRB │ LRB ⅜ ∆╢≤⅝─ ╩ ╢╕≢ ⌐╟╡ 1 ╩ ℮⁹ כ♦

♃│ ה ⅔╟┘ ─ 3 ≢№╢⁹ 

 

-2.1.2  

 

 

 

 

 

 

 

╩ -2.1.4 ⌐ ∆⁹ ─ LRB │∑╪ ╖ 250% ╩ ⅎ╢≤◗ⱶ─ ⅜

╣ ╘ ─ ⌐ ∫≡Ɫכ♪♬fi◓ ⅜ ╕∫≡™ↄ⁹ ⌐│∑╪ ╖

500%≢∑╪ ⌐ ╢⁹ ─∑╪ │ 0.6 ⌐ ⇔≡™╢⁹ ⌂ │

ⱬכ☻◦▼▪ 0.15 ≢ ↕╣╢╙─≤ ⅎ╠╣╢√╘ ◗ⱶ ⌐│ ⌐

⌐╙⅛⌂╡─ ⅜ ∂≡™╢╙─≤ ⅎ╠╣╢⁹ FSLRB │◗ⱶ⅜ ╩

∆╢ ⌐∆═╡ ⅜ ╩ ∆╢↓≤⌐╟╡ LRB ≢№╣┌Ɫכ♪♬fi◓⅛╠∑╪

⌐ ╢ ╩ ↑≡╙ LRB │ ↄ ∆╢↓≤⅜⌂™⁹∑╪ │

⌐⅔™≡╙ 0.1 ⌐ ╕∫≡⅔╡ ─ ╙ ⌐ ≢⅝╢↓≤⅜ ⅛╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

-2.1.4 FSLRB ≤ LRB ─  

◗ⱶ  

Ɫכ♪♬fi◓ 

∆═╡  

◗ⱶ  

∆═╡  

  

( )

± 56mm (100%)

±118mm (200%)

±162mm (300%)

±224mm (400%)

1  ( )

30mm/s 1
10N/mm2
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2.1.2 ─  

 

─ ≢╙ ↕╣√ ╡ ◗ⱶ │∑╪ ╖ 250% ɾ=2.5 ╩ ⅎ╢≤

⌐Ɫכ♪♬fi◓╩ ∂ ─ ╩ ⅝ ↓∆⁹↕╠⌐ ⅜ ╖∑╪ ╖

400% ╩ ⅎ╢≤∑╪ ╛ ╩ ⅝ ↓∆ ╣⅜ ╕╢⁹ ∫≡ LRB ⅜Ɫכ

♪♬fi◓╩ ∂╢ ⌐ ╩ ∆╢╟℮⌐ FSLRB ∆═╡ ─ ╩ ∆╢↓≤

⌐╟╡ ꜠ⱬꜟ─ ⌐ ⇔≡│ LRB ─ ╩ ⌐ ∆╢≤≤╙⌐ ⌐

│◗ⱶ ─ ⅔╟┘ ┼─ ─ ╩ ∆╢↓≤⅜≢⅝╢⁹∕↓≢ ≢│

LRB ─ ⌂ 2)⅛╠∆═╡ ⌐ ∆═⅝ ─ ╩ ↄ⁹ 

 

∆═╡ ─ ≤ ∆═╡ ─ ⅔╟┘∆═╡ ╩ ₁! ʎ ʈ⅔╟

┘1 ≤∆╢≤  

1 ʈ Ͻ ! Ͻ ʎ        (2.1.1) 

LRB ─ 1 │ ─ 1 ─ LRB + ◗ⱶ─∑╪ ╖ɾ

◗ⱶ ( ╟╡  

1 1 + Ͻ ɾ Ͻ (       (2.1.2) 

1 │ ─ ∑╪ ʎ ≤ ─ ! ╟╡  

1 ʎ Ͻ ! ɾ πȢυ      (2.1.3) 

+ │◗ⱶ─ ! ∑╪ ' ɻ #+ ╩ ™≡  

+ #+ ' Ͻ ! ( ɻ Ͻ ! ( )    (2.1.4) 

╟∫≡ LRB ─ 1 ⅜∆═╡ 1 ⌐ ⇔ↄ⌂╢≤⅝─ʈ│ (2.1.1) (2.1.4)╩ ⇔≡

≢ ↕╣╢⁹ 

ʈ ʎ Ͻ ! #+ ' Ͻ ! ɻ Ͻ ! ɾ Ⱦ! Ͻ ʎ    (2.1.5) 

N │ ≤ ─ ≢№╢⅛╠  

. ! Ͻ ʎ ! Ͻ ʎ       (2.1.6) 

⌂ LRB ─ ⌐ ∆╢ 2)≢№╢' =0.392N/mm2 ʎ =8.33 N/mm2 ɻ=0.588

≡ 15ϴ ɾ=2.5 ─#+ =0.896 ⅔╟┘ (2.1.6)╩ ⇔≡ ∆╢≤  

ʈ ωȢφτχ! πȢψχψ! Ⱦ! Ͻ ʎ      (2.1.7) 

 

↕╣╢ ─ LRB2) -2.1.5 ─ ! ! ⅔╟┘ ╩ (2.1.7)⌐ ∆╢

≤ LRB ∑╪ ╖ 250%≢ ╩ ∆╢√╘⌐ ⌂ ʈ│ -2.1.6 ⅔╟┘ -2.1.3

⌐ ∆ ╡≤⌂╢⁹↓─℮∟ 2 3 ⅜ ↕ↄ 6N/mm2 ≤ ⌐ ↕™♃

▬ⱪ╩ ↑┌ ʈ│ ⌡ 0.07 0.17 ─ ─ ≤⌂╢⁹ 15N/mm2─♃▬ⱪ⌐ ╣┌ʈ│

⌡ 0.07 0.10 ─ ™ ⌐ ∆╢⁹ ≢ ═╢ ╡ FSLRB ─ ╩ 8 10N/mm2

≤ ∆╣┌ ⌂ʈ│ 0.11 0.17 ─ ⌐ ╠╣╢⁹ 
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-2.1.3 FSLRB ∆═╡ ─ 1  

 

  

Hr=160mm
Sr1 Sr2 Dp Np Ar Ap Tr Nr Hr S2

(mm) (mm) (mm) (mm
2
) (mm

2
) (mm) (mm) (N/mm

2
)

600 50 90 1 348,638 6,362 4.0 40 160.0 3.8 8 0.132

600 50 100 1 347,146 7,854 4.0 40 160.0 3.8 0.137

600 50 110 1 345,497 9,503 4.0 40 160.0 3.8 0.143

600 50 120 1 343,690 11,310 4.0 40 160.0 3.8 0.149

600 50 130 1 341,727 13,273 4.0 40 160.0 3.8 0.157

600 50 140 1 339,606 15,394 4.0 40 160.0 3.8 0.164

600 50 150 1 337,329 17,671 4.0 40 160.0 3.8 0.173

650 50 100 1 409,646 7,854 4.2 38 159.6 4.1 10 0.106

650 50 110 1 407,997 9,503 4.2 38 159.6 4.1 0.110

650 50 120 1 406,190 11,310 4.2 38 159.6 4.1 0.115

650 50 130 1 404,227 13,273 4.2 38 159.6 4.1 0.119

650 50 140 1 402,106 15,394 4.2 38 159.6 4.1 0.125

650 50 150 1 399,829 17,671 4.2 38 159.6 4.1 0.130

650 50 80 4 397,394 20,106 4.2 38 159.6 4.1 0.137

700 50 110 1 475,497 9,503 4.5 36 162.0 4.3 10 0.107

700 50 120 1 473,690 11,310 4.5 36 162 4.3 0.111

700 50 130 1 471,727 13,273 4.5 36 162 4.3 0.115

700 50 140 1 469,606 15,394 4.5 36 162 4.3 0.119

700 50 150 1 467,329 17,671 4.5 36 162 4.3 0.124

700 50 160 1 464,894 20,106 4.5 36 162 4.3 0.130

700 50 85 4 462,302 22,698 4.5 36 162 4.3 0.135

750 50 120 1 546,190 11,310 4.8 33 158.4 4.7 12 0.090

750 50 130 1 544,227 13,273 4.8 33 158.4 4.7 0.093

750 50 140 1 542,106 15,394 4.8 33 158.4 4.7 0.096

750 50 150 1 539,829 17,671 4.8 33 158.4 4.7 0.099

750 50 160 1 537,394 20,106 4.8 33 158.4 4.7 0.103

750 50 85 4 534,802 22,698 4.8 33 158.4 4.7 0.107

750 50 90 4 532,053 25,447 4.8 33 158.4 4.7 0.112

800 50 120 1 623,690 11,310 5.0 32 160.0 5.0 15 0.070

800 50 130 1 621,727 13,273 5 32 160 5.0 0.072

800 50 140 1 619,606 15,394 5 32 160 5.0 0.075

800 50 150 1 617,329 17,671 5 32 160 5.0 0.077

800 50 160 1 614,894 20,106 5 32 160 5.0 0.080

800 50 85 4 612,302 22,698 5 32 160 5.0 0.082

800 50 90 4 609,553 25,447 5 32 160 5.0 0.085

800 50 95 4 606,647 28,353 5 32 160 5.0 0.089

800 50 100 4 603,584 31,416 5 32 160 5.0 0.092

850 100 130 1 689,227 13,273 5.4 30 162.0 5.2 15 0.071

850 100 140 1 687,106 15,394 5.4 30 162 5.2 0.073

850 100 150 1 684,829 17,671 5.4 30 162 5.2 0.075

850 100 80 4 682,394 20,106 5.4 30 162 5.2 0.077

850 100 85 4 679,802 22,698 5.4 30 162 5.2 0.080

850 100 90 4 677,053 25,447 5.4 30 162 5.2 0.083

850 100 95 4 674,147 28,353 5.4 30 162 5.2 0.086

850 100 100 4 671,084 31,416 5.4 30 162 5.2 0.089

850 100 105 4 667,864 34,636 5.4 30 162 5.2 0.092

900 100 140 1 774,606 15,394 5.8 28 162.4 5.5 15 0.071

900 100 150 1 772,329 17,671 5.8 28 162.4 5.5 0.073

900 100 80 4 769,894 20,106 5.8 28 162.4 5.5 0.075

900 100 85 4 767,302 22,698 5.8 28 162.4 5.5 0.078

900 100 90 4 764,553 25,447 5.8 28 162.4 5.5 0.080

900 100 95 4 761,647 28,353 5.8 28 162.4 5.5 0.082

900 100 100 4 758,584 31,416 5.8 28 162.4 5.5 0.085

900 100 105 4 755,364 34,636 5.8 28 162.4 5.5 0.088

900 100 110 4 751,987 38,013 5.8 28 162.4 5.5 0.091
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-2.1.3 FSLRB ∆═╡ ─ 2  

 Hr=160mm
Sr1 Sr2 Dp Np Ar Ap Tr Nr Hr S2

(mm) (mm) (mm) (mm
2
) (mm

2
) (mm) (mm) (N/mm

2
)

950 100 150 1 864,829 17,671 6.4 25 160.0 5.9 15 0.072

950 100 80 4 862,394 20,106 6.4 25 160 5.9 0.074

950 100 85 4 859,802 22,698 6.4 25 160 5.9 0.076

950 100 90 4 857,053 25,447 6.4 25 160 5.9 0.078

950 100 95 4 854,147 28,353 6.4 25 160 5.9 0.080

950 100 100 4 851,084 31,416 6.4 25 160 5.9 0.082

950 100 105 4 847,864 34,636 6.4 25 160 5.9 0.085

950 100 110 4 844,487 38,013 6.4 25 160 5.9 0.087

950 100 115 4 840,952 41,548 6.4 25 160 5.9 0.090

1000 100 150 1 962,329 17,671 7.0 23 161.0 6.2 15 0.070

1000 100 80 4 959,894 20,106 7 23 161 6.2 0.072

1000 100 85 4 957,302 22,698 7 23 161 6.2 0.074

1000 100 90 4 954,553 25,447 7 23 161 6.2 0.076

1000 100 95 4 951,647 28,353 7 23 161 6.2 0.078

1000 100 100 4 948,584 31,416 7 23 161 6.2 0.080

1000 100 105 4 945,364 34,636 7 23 161 6.2 0.082

1000 100 110 4 941,987 38,013 7 23 161 6.2 0.084

1000 100 115 4 938,452 41,548 7 23 161 6.2 0.087

1000 100 120 4 934,761 45,239 7 23 161 6.2 0.090

1000 100 125 4 930,913 49,087 7 23 161 6.2 0.092

1100 100 85 4 1,167,302 22,698 7.0 23 161.0 6.8 15 0.071

1100 100 90 4 1,164,553 25,447 7 23 161 6.8 0.073

1100 100 95 4 1,161,647 28,353 7 23 161 6.8 0.074

1100 100 100 4 1,158,584 31,416 7 23 161 6.8 0.076

1100 100 105 4 1,155,364 34,636 7 23 161 6.8 0.078

1100 100 110 4 1,151,987 38,013 7 23 161 6.8 0.080

1100 100 115 4 1,148,452 41,548 7 23 161 6.8 0.082

1100 100 120 4 1,144,761 45,239 7 23 161 6.8 0.084

1100 100 125 4 1,140,913 49,087 7 23 161 6.8 0.086

1100 100 130 4 1,136,907 53,093 7 23 161 6.8 0.089

1100 100 135 4 1,132,744 57,256 7 23 161 6.8 0.091

1200 100 90 4 1,394,553 25,447 7.0 23 161.0 7.5 15 0.070

1200 100 95 4 1,391,647 28,353 7 23 161 7.5 0.072

1200 100 100 4 1,388,584 31,416 7 23 161 7.5 0.073

1200 100 105 4 1,385,364 34,636 7 23 161 7.5 0.075

1200 100 110 4 1,381,987 38,013 7 23 161 7.5 0.076

1200 100 115 4 1,378,452 41,548 7 23 161 7.5 0.078

1200 100 120 4 1,374,761 45,239 7 23 161 7.5 0.080

1200 100 125 4 1,370,913 49,087 7 23 161 7.5 0.082

1200 100 130 4 1,366,907 53,093 7 23 161 7.5 0.084

1200 100 135 4 1,362,744 57,256 7 23 161 7.5 0.086

1200 100 140 4 1,358,425 61,575 7 23 161 7.5 0.088

1200 100 145 4 1,353,948 66,052 7 23 161 7.5 0.090

1200 100 150 4 1,349,314 70,686 7 23 161 7.5 0.092

1300 100 100 4 1,638,584 31,416 7.0 23 161.0 8.1 15 0.071

1300 100 105 4 1,635,364 34,636 7 23 161 8.1 0.072

1300 100 110 4 1,631,987 38,013 7 23 161 8.1 0.074

1300 100 115 4 1,628,452 41,548 7 23 161 8.1 0.075

1300 100 120 4 1,624,761 45,239 7 23 161 8.1 0.076

1300 100 125 4 1,620,913 49,087 7 23 161 8.1 0.078

1300 100 130 4 1,616,907 53,093 7 23 161 8.1 0.080

1300 100 135 4 1,612,744 57,256 7 23 161 8.1 0.081

1300 100 140 4 1,608,425 61,575 7 23 161 8.1 0.083

1300 100 145 4 1,603,948 66,052 7 23 161 8.1 0.085

1300 100 150 4 1,599,314 70,686 7 23 161 8.1 0.087

1300 100 155 4 1,594,523 75,477 7 23 161 8.1 0.089

1300 100 160 4 1,589,575 80,425 7 23 161 8.1 0.091
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-2.1.3 FSLRB ∆═╡ ─ 3  

 

  

Hr=200mm
Sr1 Sr2 Dp Np Ar Ap Tr Nr Hr S2

(mm) (mm) (mm) (mm
2
) (mm

2
) (mm) (mm) (N/mm

2
)

600 50 90 1 348,638 6,362 4.0 50 200.0 3.0 6 0.176

600 50 100 1 347,146 7,854 4.0 50 200.0 3.0 0.183

600 50 110 1 345,497 9,503 4.0 50 200.0 3.0 0.191

600 50 120 1 343,690 11,310 4.0 50 200.0 3.0 0.199

600 50 130 1 341,727 13,273 4.0 50 200.0 3.0 0.209

600 50 140 1 339,606 15,394 4.0 50 200.0 3.0 0.219

600 50 150 1 337,329 17,671 4.0 50 200.0 3.0 0.231

650 50 100 1 409,646 7,854 4.2 48 201.6 3.2 6 0.177

650 50 110 1 407,997 9,503 4.2 48 201.6 3.2 0.184

650 50 120 1 406,190 11,310 4.2 48 201.6 3.2 0.191

650 50 130 1 404,227 13,273 4.2 48 201.6 3.2 0.199

650 50 140 1 402,106 15,394 4.2 48 201.6 3.2 0.208

650 50 150 1 399,829 17,671 4.2 48 201.6 3.2 0.217

650 50 80 4 397,394 20,106 4.2 48 201.6 3.2 0.228

700 50 110 1 475,497 9,503 4.5 44 198.0 3.5 8 0.134

700 50 120 1 473,690 11,310 4.5 44 198 3.5 0.139

700 50 130 1 471,727 13,273 4.5 44 198 3.5 0.144

700 50 140 1 469,606 15,394 4.5 44 198 3.5 0.149

700 50 150 1 467,329 17,671 4.5 44 198 3.5 0.155

700 50 160 1 464,894 20,106 4.5 44 198 3.5 0.162

700 50 85 4 462,302 22,698 4.5 44 198 3.5 0.169

750 50 120 1 546,190 11,310 4.8 42 201.6 3.7 8 0.135

750 50 130 1 544,227 13,273 4.8 42 201.6 3.7 0.139

750 50 140 1 542,106 15,394 4.8 42 201.6 3.7 0.144

750 50 150 1 539,829 17,671 4.8 42 201.6 3.7 0.149

750 50 160 1 537,394 20,106 4.8 42 201.6 3.7 0.155

750 50 85 4 534,802 22,698 4.8 42 201.6 3.7 0.161

750 50 90 4 532,053 25,447 4.8 42 201.6 3.7 0.167

800 50 120 1 623,690 11,310 5.0 40 200.0 4.0 10 0.105

800 50 130 1 621,727 13,273 5 40 200 4.0 0.108

800 50 140 1 619,606 15,394 5 40 200 4.0 0.112

800 50 150 1 617,329 17,671 5 40 200 4.0 0.115

800 50 160 1 614,894 20,106 5 40 200 4.0 0.119

800 50 85 4 612,302 22,698 5 40 200 4.0 0.124

800 50 90 4 609,553 25,447 5 40 200 4.0 0.128

800 50 95 4 606,647 28,353 5 40 200 4.0 0.133

800 50 100 4 603,584 31,416 5 40 200 4.0 0.138

850 100 130 1 689,227 13,273 5.4 37 199.8 4.3 10 0.106

850 100 140 1 687,106 15,394 5.4 37 199.8 4.3 0.109

850 100 150 1 684,829 17,671 5.4 37 199.8 4.3 0.113

850 100 80 4 682,394 20,106 5.4 37 199.8 4.3 0.116

850 100 85 4 679,802 22,698 5.4 37 199.8 4.3 0.120

850 100 90 4 677,053 25,447 5.4 37 199.8 4.3 0.124

850 100 95 4 674,147 28,353 5.4 37 199.8 4.3 0.128

850 100 100 4 671,084 31,416 5.4 37 199.8 4.3 0.133

850 100 105 4 667,864 34,636 5.4 37 199.8 4.3 0.138

900 100 140 1 774,606 15,394 5.8 34 197.2 4.6 12 0.089

900 100 150 1 772,329 17,671 5.8 34 197.2 4.6 0.092

900 100 80 4 769,894 20,106 5.8 34 197.2 4.6 0.094

900 100 85 4 767,302 22,698 5.8 34 197.2 4.6 0.097

900 100 90 4 764,553 25,447 5.8 34 197.2 4.6 0.100

900 100 95 4 761,647 28,353 5.8 34 197.2 4.6 0.103

900 100 100 4 758,584 31,416 5.8 34 197.2 4.6 0.106

900 100 105 4 755,364 34,636 5.8 34 197.2 4.6 0.110

900 100 110 4 751,987 38,013 5.8 34 197.2 4.6 0.114
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-2.1.3 FSLRB ∆═╡ ─ 4  

 

  

Hr=200mm
Sr1 Sr2 Dp Np Ar Ap Tr Nr Hr S2

(mm) (mm) (mm) (mm
2
) (mm

2
) (mm) (mm) (N/mm

2
)

950 100 150 1 864,829 17,671 6.4 31 198.4 4.8 14 0.077

950 100 80 4 862,394 20,106 6.4 31 198.4 4.8 0.079

950 100 85 4 859,802 22,698 6.4 31 198.4 4.8 0.081

950 100 90 4 857,053 25,447 6.4 31 198.4 4.8 0.083

950 100 95 4 854,147 28,353 6.4 31 198.4 4.8 0.086

950 100 100 4 851,084 31,416 6.4 31 198.4 4.8 0.088

950 100 105 4 847,864 34,636 6.4 31 198.4 4.8 0.091

950 100 110 4 844,487 38,013 6.4 31 198.4 4.8 0.094

950 100 115 4 840,952 41,548 6.4 31 198.4 4.8 0.097

1000 100 150 1 962,329 17,671 7.0 29 203.0 4.9 15 0.070

1000 100 80 4 959,894 20,106 7 29 203 4.9 0.072

1000 100 85 4 957,302 22,698 7 29 203 4.9 0.074

1000 100 90 4 954,553 25,447 7 29 203 4.9 0.076

1000 100 95 4 951,647 28,353 7 29 203 4.9 0.078

1000 100 100 4 948,584 31,416 7 29 203 4.9 0.080

1000 100 105 4 945,364 34,636 7 29 203 4.9 0.082

1000 100 110 4 941,987 38,013 7 29 203 4.9 0.084

1000 100 115 4 938,452 41,548 7 29 203 4.9 0.087

1000 100 120 4 934,761 45,239 7 29 203 4.9 0.090

1000 100 125 4 930,913 49,087 7 29 203 4.9 0.092

1100 100 85 4 1,167,302 22,698 7.0 29 203.0 5.4 15 0.071

1100 100 90 4 1,164,553 25,447 7 29 203 5.4 0.073

1100 100 95 4 1,161,647 28,353 7 29 203 5.4 0.074

1100 100 100 4 1,158,584 31,416 7 29 203 5.4 0.076

1100 100 105 4 1,155,364 34,636 7 29 203 5.4 0.078

1100 100 110 4 1,151,987 38,013 7 29 203 5.4 0.080

1100 100 115 4 1,148,452 41,548 7 29 203 5.4 0.082

1100 100 120 4 1,144,761 45,239 7 29 203 5.4 0.084

1100 100 125 4 1,140,913 49,087 7 29 203 5.4 0.086

1100 100 130 4 1,136,907 53,093 7 29 203 5.4 0.089

1100 100 135 4 1,132,744 57,256 7 29 203 5.4 0.091

1200 100 90 4 1,394,553 25,447 7.0 29 203.0 5.9 15 0.070

1200 100 95 4 1,391,647 28,353 7 29 203 5.9 0.072

1200 100 100 4 1,388,584 31,416 7 29 203 5.9 0.073

1200 100 105 4 1,385,364 34,636 7 29 203 5.9 0.075

1200 100 110 4 1,381,987 38,013 7 29 203 5.9 0.076

1200 100 115 4 1,378,452 41,548 7 29 203 5.9 0.078

1200 100 120 4 1,374,761 45,239 7 29 203 5.9 0.080

1200 100 125 4 1,370,913 49,087 7 29 203 5.9 0.082

1200 100 130 4 1,366,907 53,093 7 29 203 5.9 0.084

1200 100 135 4 1,362,744 57,256 7 29 203 5.9 0.086

1200 100 140 4 1,358,425 61,575 7 29 203 5.9 0.088

1200 100 145 4 1,353,948 66,052 7 29 203 5.9 0.090

1200 100 150 4 1,349,314 70,686 7 29 203 5.9 0.092

1300 100 100 4 1,638,584 31,416 7.0 29 203.0 6.4 15 0.071

1300 100 105 4 1,635,364 34,636 7 29 203 6.4 0.072

1300 100 110 4 1,631,987 38,013 7 29 203 6.4 0.074

1300 100 115 4 1,628,452 41,548 7 29 203 6.4 0.075

1300 100 120 4 1,624,761 45,239 7 29 203 6.4 0.076

1300 100 125 4 1,620,913 49,087 7 29 203 6.4 0.078

1300 100 130 4 1,616,907 53,093 7 29 203 6.4 0.080

1300 100 135 4 1,612,744 57,256 7 29 203 6.4 0.081

1300 100 140 4 1,608,425 61,575 7 29 203 6.4 0.083

1300 100 145 4 1,603,948 66,052 7 29 203 6.4 0.085

1300 100 150 4 1,599,314 70,686 7 29 203 6.4 0.087

1300 100 155 4 1,594,523 75,477 7 29 203 6.4 0.089

1300 100 160 4 1,589,575 80,425 7 29 203 6.4 0.091
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-2.1.3 FSLRB ∆═╡ ─ 5  

 

  

Hr=200mm
Sr1 Sr2 Dp Np Ar Ap Tr Nr Hr S2

(mm) (mm) (mm) (mm
2
) (mm

2
) (mm) (mm) (N/mm

2
)

1400 100 105 4 1,905,364 34,636 7.0 29 203.0 6.9 15 0.070

1400 100 110 4 1,901,987 38,013 7 29 203 6.9 0.071

1400 100 115 4 1,898,452 41,548 7 29 203 6.9 0.073

1400 100 120 4 1,894,761 45,239 7 29 203 6.9 0.074

1400 100 125 4 1,890,913 49,087 7 29 203 6.9 0.075

1400 100 130 4 1,886,907 53,093 7 29 203 6.9 0.077

1400 100 135 4 1,882,744 57,256 7 29 203 6.9 0.078

1400 100 140 4 1,878,425 61,575 7 29 203 6.9 0.080

1400 100 145 4 1,873,948 66,052 7 29 203 6.9 0.081

1400 100 150 4 1,869,314 70,686 7 29 203 6.9 0.083

1400 100 155 4 1,864,523 75,477 7 29 203 6.9 0.085

1400 100 160 4 1,859,575 80,425 7 29 203 6.9 0.086

1400 100 165 4 1,854,470 85,530 7 29 203 6.9 0.088

1400 100 170 4 1,849,208 90,792 7 29 203 6.9 0.090

1400 100 175 4 1,843,789 96,211 7 29 203 6.9 0.092

1500 100 115 4 2,188,452 41,548 7.0 29 203.0 7.4 15 0.071

1500 100 120 4 2,184,761 45,239 7 29 203 7.4 0.072

1500 100 125 4 2,180,913 49,087 7 29 203 7.4 0.073

1500 100 130 4 2,176,907 53,093 7 29 203 7.4 0.074

1500 100 135 4 2,172,744 57,256 7 29 203 7.4 0.075

1500 100 140 4 2,168,425 61,575 7 29 203 7.4 0.077

1500 100 145 4 2,163,948 66,052 7 29 203 7.4 0.078

1500 100 150 4 2,159,314 70,686 7 29 203 7.4 0.080

1500 100 155 4 2,154,523 75,477 7 29 203 7.4 0.081

1500 100 160 4 2,149,575 80,425 7 29 203 7.4 0.083

1500 100 165 4 2,144,470 85,530 7 29 203 7.4 0.084

1500 100 170 4 2,139,208 90,792 7 29 203 7.4 0.086

1500 100 175 4 2,133,789 96,211 7 29 203 7.4 0.088

1500 100 180 4 2,128,212 101,788 7 29 203 7.4 0.089

1500 100 185 4 2,122,479 107,521 7 29 203 7.4 0.091
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-2.1.3 FSLRB ∆═╡ ─ 6  

 

  

Hr=248mm
Sr1 Sr2 Dp Np Ar Ap Tr Nr Hr S2

(mm) (mm) (mm) (mm
2
) (mm

2
) (mm) (mm) (N/mm

2
)

1000 100 150 1 962,329 17,671 8.0 31 248.0 4.0 10 0.106

1000 100 160 1 959,894 20,106 8 31 248 4.0 0.108

1000 100 85 4 957,302 22,698 8 31 248 4.0 0.111

1000 100 90 4 954,553 25,447 8 31 248 4.0 0.114

1000 100 95 4 951,647 28,353 8 31 248 4.0 0.117

1000 100 100 4 948,584 31,416 8 31 248 4.0 0.120

1000 100 105 4 945,364 34,636 8 31 248 4.0 0.123

1000 100 110 4 941,987 38,013 8 31 248 4.0 0.127

1000 100 115 4 938,452 41,548 8 31 248 4.0 0.131

1000 100 120 4 934,761 45,239 8 31 248 4.0 0.134

1000 100 125 4 930,913 49,087 8 31 248 4.0 0.139

1100 100 85 4 1,167,302 22,698 8.0 31 248.0 4.4 10 0.107

1100 100 90 4 1,164,553 25,447 8 31 248 4.4 0.109

1100 100 95 4 1,161,647 28,353 8 31 248 4.4 0.111

1100 100 100 4 1,158,584 31,416 8 31 248 4.4 0.114

1100 100 105 4 1,155,364 34,636 8 31 248 4.4 0.117

1100 100 110 4 1,151,987 38,013 8 31 248 4.4 0.120

1100 100 115 4 1,148,452 41,548 8 31 248 4.4 0.123

1100 100 120 4 1,144,761 45,239 8 31 248 4.4 0.126

1100 100 125 4 1,140,913 49,087 8 31 248 4.4 0.129

1100 100 130 4 1,136,907 53,093 8 31 248 4.4 0.133

1100 100 135 4 1,132,744 57,256 8 31 248 4.4 0.137

1200 100 90 4 1,394,553 25,447 8.0 31 248.0 4.8 15 0.070

1200 100 95 4 1,391,647 28,353 8 31 248 4.8 0.072

1200 100 100 4 1,388,584 31,416 8 31 248 4.8 0.073

1200 100 105 4 1,385,364 34,636 8 31 248 4.8 0.075

1200 100 110 4 1,381,987 38,013 8 31 248 4.8 0.076

1200 100 115 4 1,378,452 41,548 8 31 248 4.8 0.078

1200 100 120 4 1,374,761 45,239 8 31 248 4.8 0.080

1200 100 125 4 1,370,913 49,087 8 31 248 4.8 0.082

1200 100 130 4 1,366,907 53,093 8 31 248 4.8 0.084

1200 100 135 4 1,362,744 57,256 8 31 248 4.8 0.086

1200 100 140 4 1,358,425 61,575 8 31 248 4.8 0.088

1200 100 145 4 1,353,948 66,052 8 31 248 4.8 0.090

1200 100 150 4 1,349,314 70,686 8 31 248 4.8 0.092

1300 100 100 4 1,638,584 31,416 8.0 31 248.0 5.2 15 0.071

1300 100 105 4 1,635,364 34,636 8 31 248 5.2 0.072

1300 100 110 4 1,631,987 38,013 8 31 248 5.2 0.074

1300 100 115 4 1,628,452 41,548 8 31 248 5.2 0.075

1300 100 120 4 1,624,761 45,239 8 31 248 5.2 0.076

1300 100 125 4 1,620,913 49,087 8 31 248 5.2 0.078

1300 100 130 4 1,616,907 53,093 8 31 248 5.2 0.080

1300 100 135 4 1,612,744 57,256 8 31 248 5.2 0.081

1300 100 140 4 1,608,425 61,575 8 31 248 5.2 0.083

1300 100 145 4 1,603,948 66,052 8 31 248 5.2 0.085

1300 100 150 4 1,599,314 70,686 8 31 248 5.2 0.087

1300 100 155 4 1,594,523 75,477 8 31 248 5.2 0.089

1300 100 160 4 1,589,575 80,425 8 31 248 5.2 0.091
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Hr=248mm
Sr1 Sr2 Dp Np Ar Ap Tr Nr Hr S2

(mm) (mm) (mm) (mm
2
) (mm

2
) (mm) (mm) (N/mm

2
)

1400 100 105 4 1,905,364 34,636 8.0 31 248.0 5.6 15 0.070

1400 100 110 4 1,901,987 38,013 8 31 248 5.6 0.071

1400 100 115 4 1,898,452 41,548 8 31 248 5.6 0.073

1400 100 120 4 1,894,761 45,239 8 31 248 5.6 0.074

1400 100 125 4 1,890,913 49,087 8 31 248 5.6 0.075

1400 100 130 4 1,886,907 53,093 8 31 248 5.6 0.077

1400 100 135 4 1,882,744 57,256 8 31 248 5.6 0.078

1400 100 140 4 1,878,425 61,575 8 31 248 5.6 0.080

1400 100 145 4 1,873,948 66,052 8 31 248 5.6 0.081

1400 100 150 4 1,869,314 70,686 8 31 248 5.6 0.083

1400 100 155 4 1,864,523 75,477 8 31 248 5.6 0.085

1400 100 160 4 1,859,575 80,425 8 31 248 5.6 0.086

1400 100 165 4 1,854,470 85,530 8 31 248 5.6 0.088

1400 100 170 4 1,849,208 90,792 8 31 248 5.6 0.090

1400 100 175 4 1,843,789 96,211 8 31 248 5.6 0.092

1500 100 115 4 2,188,452 41,548 8.0 31 248.0 6.0 15 0.071

1500 100 120 4 2,184,761 45,239 8 31 248 6.0 0.072

1500 100 125 4 2,180,913 49,087 8 31 248 6.0 0.073

1500 100 130 4 2,176,907 53,093 8 31 248 6.0 0.074

1500 100 135 4 2,172,744 57,256 8 31 248 6.0 0.075

1500 100 140 4 2,168,425 61,575 8 31 248 6.0 0.077

1500 100 145 4 2,163,948 66,052 8 31 248 6.0 0.078

1500 100 150 4 2,159,314 70,686 8 31 248 6.0 0.080

1500 100 155 4 2,154,523 75,477 8 31 248 6.0 0.081

1500 100 160 4 2,149,575 80,425 8 31 248 6.0 0.083

1500 100 165 4 2,144,470 85,530 8 31 248 6.0 0.084

1500 100 170 4 2,139,208 90,792 8 31 248 6.0 0.086

1500 100 175 4 2,133,789 96,211 8 31 248 6.0 0.088

1500 100 180 4 2,128,212 101,788 8 31 248 6.0 0.089

1500 100 185 4 2,122,479 107,521 8 31 248 6.0 0.091
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S2=5.0
Sr1 Sr2 Dp Np Ar Ap Tr Nr Hr S2

(mm) (mm) (mm) (mm
2
) (mm

2
) (mm) (mm) (N/mm

2
)

600 50 90 1 348,638 6,362 4.4 27 118.8 5.1 15 0.070

600 50 100 1 347,146 7,854 4.4 27 118.8 5.1 0.073

600 50 110 1 345,497 9,503 4.4 27 118.8 5.1 0.076

600 50 120 1 343,690 11,310 4.4 27 118.8 5.1 0.080

600 50 130 1 341,727 13,273 4.4 27 118.8 5.1 0.084

600 50 140 1 339,606 15,394 4.4 27 118.8 5.1 0.088

600 50 150 1 337,329 17,671 4.4 27 118.8 5.1 0.092

650 50 100 1 409,646 7,854 4.4 30 132.0 4.9 15 0.071

650 50 110 1 407,997 9,503 4.4 30 132 4.9 0.074

650 50 120 1 406,190 11,310 4.4 30 132 4.9 0.076

650 50 130 1 404,227 13,273 4.4 30 132 4.9 0.080

650 50 140 1 402,106 15,394 4.4 30 132 4.9 0.083

650 50 150 1 399,829 17,671 4.4 30 132 4.9 0.087

650 50 80 4 397,394 20,106 4.4 30 132 4.9 0.091

700 50 110 1 475,497 9,503 5.0 28 140.0 5.0 15 0.071

700 50 120 1 473,690 11,310 5 28 140 5.0 0.074

700 50 130 1 471,727 13,273 5 28 140 5.0 0.077

700 50 140 1 469,606 15,394 5 28 140 5.0 0.080

700 50 150 1 467,329 17,671 5 28 140 5.0 0.083

700 50 160 1 464,894 20,106 5 28 140 5.0 0.086

700 50 85 4 462,302 22,698 5 28 140 5.0 0.090

750 50 120 1 546,190 11,310 5.0 30 150.0 5.0 12 0.090

750 50 130 1 544,227 13,273 5 30 150 5.0 0.093

750 50 140 1 542,106 15,394 5 30 150 5.0 0.096

750 50 150 1 539,829 17,671 5 30 150 5.0 0.099

750 50 160 1 537,394 20,106 5 30 150 5.0 0.103

750 50 85 4 534,802 22,698 5 30 150 5.0 0.107

750 50 90 4 532,053 25,447 5 30 150 5.0 0.112

800 50 120 1 623,690 11,310 6.0 26 156.0 5.1 15 0.070

800 50 130 1 621,727 13,273 6 26 156 5.1 0.072

800 50 140 1 619,606 15,394 6 26 156 5.1 0.075

800 50 150 1 617,329 17,671 6 26 156 5.1 0.077

800 50 160 1 614,894 20,106 6 26 156 5.1 0.080

800 50 85 4 612,302 22,698 6 26 156 5.1 0.082

800 50 90 4 609,553 25,447 6 26 156 5.1 0.085

800 50 95 4 606,647 28,353 6 26 156 5.1 0.089

800 50 100 4 603,584 31,416 6 26 156 5.1 0.092

850 100 130 1 689,227 13,273 6.0 28 168.0 5.1 15 0.071

850 100 140 1 687,106 15,394 6 28 168 5.1 0.073

850 100 150 1 684,829 17,671 6 28 168 5.1 0.075

850 100 80 4 682,394 20,106 6 28 168 5.1 0.077

850 100 85 4 679,802 22,698 6 28 168 5.1 0.080

850 100 90 4 677,053 25,447 6 28 168 5.1 0.083

850 100 95 4 674,147 28,353 6 28 168 5.1 0.086

850 100 100 4 671,084 31,416 6 28 168 5.1 0.089

850 100 105 4 667,864 34,636 6 28 168 5.1 0.092
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S2=5.0
Sr1 Sr2 Dp Np Ar Ap Tr Nr Hr S2

(mm) (mm) (mm) (mm
2
) (mm

2
) (mm) (mm) (N/mm

2
)

900 100 140 1 774,606 15,394 6.0 30 180.0 5.0 15 0.071

900 100 150 1 772,329 17,671 6 30 180 5.0 0.073

900 100 80 4 769,894 20,106 6 30 180 5.0 0.075

900 100 85 4 767,302 22,698 6 30 180 5.0 0.078

900 100 90 4 764,553 25,447 6 30 180 5.0 0.080

900 100 95 4 761,647 28,353 6 30 180 5.0 0.082

900 100 100 4 758,584 31,416 6 30 180 5.0 0.085

900 100 105 4 755,364 34,636 6 30 180 5.0 0.088

900 100 110 4 751,987 38,013 6 30 180 5.0 0.091

950 100 150 1 864,829 17,671 6.0 32 192.0 4.9 15 0.072

950 100 80 4 862,394 20,106 6 32 192 4.9 0.074

950 100 85 4 859,802 22,698 6 32 192 4.9 0.076

950 100 90 4 857,053 25,447 6 32 192 4.9 0.078

950 100 95 4 854,147 28,353 6 32 192 4.9 0.080

950 100 100 4 851,084 31,416 6 32 192 4.9 0.082

950 100 105 4 847,864 34,636 6 32 192 4.9 0.085

950 100 110 4 844,487 38,013 6 32 192 4.9 0.087

950 100 115 4 840,952 41,548 6 32 192 4.9 0.090

1000 100 150 1 962,329 17,671 6.0 33 198.0 5.1 15 0.070

1000 100 80 4 959,894 20,106 6 33 198 5.1 0.072

1000 100 85 4 957,302 22,698 6 33 198 5.1 0.074

1000 100 90 4 954,553 25,447 6 33 198 5.1 0.076

1000 100 95 4 951,647 28,353 6 33 198 5.1 0.078

1000 100 100 4 948,584 31,416 6 33 198 5.1 0.080

1000 100 105 4 945,364 34,636 6 33 198 5.1 0.082

1000 100 110 4 941,987 38,013 6 33 198 5.1 0.084

1000 100 115 4 938,452 41,548 6 33 198 5.1 0.087

1000 100 120 4 934,761 45,239 6 33 198 5.1 0.090

1000 100 125 4 930,913 49,087 6 33 198 5.1 0.092

1100 100 85 4 1,167,302 22,698 7.0 32 224.0 4.9 15 0.071

1100 100 90 4 1,164,553 25,447 7 32 224 4.9 0.073

1100 100 95 4 1,161,647 28,353 7 32 224 4.9 0.074

1100 100 100 4 1,158,584 31,416 7 32 224 4.9 0.076

1100 100 105 4 1,155,364 34,636 7 32 224 4.9 0.078

1100 100 110 4 1,151,987 38,013 7 32 224 4.9 0.080

1100 100 115 4 1,148,452 41,548 7 32 224 4.9 0.082

1100 100 120 4 1,144,761 45,239 7 32 224 4.9 0.084

1100 100 125 4 1,140,913 49,087 7 32 224 4.9 0.086

1100 100 130 4 1,136,907 53,093 7 32 224 4.9 0.089

1100 100 135 4 1,132,744 57,256 7 32 224 4.9 0.091
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S2=5.0
Sr1 Sr2 Dp Np Ar Ap Tr Nr Hr S2

(mm) (mm) (mm) (mm
2
) (mm

2
) (mm) (mm) (N/mm

2
)

1200 100 90 4 1,394,553 25,447 7.0 34 238.0 5.0 15 0.070

1200 100 95 4 1,391,647 28,353 7 34 238 5.0 0.072

1200 100 100 4 1,388,584 31,416 7 34 238 5.0 0.073

1200 100 105 4 1,385,364 34,636 7 34 238 5.0 0.075

1200 100 110 4 1,381,987 38,013 7 34 238 5.0 0.076

1200 100 115 4 1,378,452 41,548 7 34 238 5.0 0.078

1200 100 120 4 1,374,761 45,239 7 34 238 5.0 0.080

1200 100 125 4 1,370,913 49,087 7 34 238 5.0 0.082

1200 100 130 4 1,366,907 53,093 7 34 238 5.0 0.084

1200 100 135 4 1,362,744 57,256 7 34 238 5.0 0.086

1200 100 140 4 1,358,425 61,575 7 34 238 5.0 0.088

1200 100 145 4 1,353,948 66,052 7 34 238 5.0 0.090

1200 100 150 4 1,349,314 70,686 7 34 238 5.0 0.092

1300 100 100 4 1,638,584 31,416 7.0 37 259.0 5.0 15 0.071

1300 100 105 4 1,635,364 34,636 7 37 259 5.0 0.072

1300 100 110 4 1,631,987 38,013 7 37 259 5.0 0.074

1300 100 115 4 1,628,452 41,548 7 37 259 5.0 0.075

1300 100 120 4 1,624,761 45,239 7 37 259 5.0 0.076

1300 100 125 4 1,620,913 49,087 7 37 259 5.0 0.078

1300 100 130 4 1,616,907 53,093 7 37 259 5.0 0.080

1300 100 135 4 1,612,744 57,256 7 37 259 5.0 0.081

1300 100 140 4 1,608,425 61,575 7 37 259 5.0 0.083

1300 100 145 4 1,603,948 66,052 7 37 259 5.0 0.085

1300 100 150 4 1,599,314 70,686 7 37 259 5.0 0.087

1300 100 155 4 1,594,523 75,477 7 37 259 5.0 0.089

1300 100 160 4 1,589,575 80,425 7 37 259 5.0 0.091

1400 100 105 4 1,905,364 34,636 7.0 40 280.0 5.0 15 0.070

1400 100 110 4 1,901,987 38,013 7 40 280 5.0 0.071

1400 100 115 4 1,898,452 41,548 7 40 280 5.0 0.073

1400 100 120 4 1,894,761 45,239 7 40 280 5.0 0.074

1400 100 125 4 1,890,913 49,087 7 40 280 5.0 0.075

1400 100 130 4 1,886,907 53,093 7 40 280 5.0 0.077

1400 100 135 4 1,882,744 57,256 7 40 280 5.0 0.078

1400 100 140 4 1,878,425 61,575 7 40 280 5.0 0.080

1400 100 145 4 1,873,948 66,052 7 40 280 5.0 0.081

1400 100 150 4 1,869,314 70,686 7 40 280 5.0 0.083

1400 100 155 4 1,864,523 75,477 7 40 280 5.0 0.085

1400 100 160 4 1,859,575 80,425 7 40 280 5.0 0.086

1400 100 165 4 1,854,470 85,530 7 40 280 5.0 0.088

1400 100 170 4 1,849,208 90,792 7 40 280 5.0 0.090

1400 100 175 4 1,843,789 96,211 7 40 280 5.0 0.092
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S2=5.0
Sr1 Sr2 Dp Np Ar Ap Tr Nr Hr S2

(mm) (mm) (mm) (mm
2
) (mm

2
) (mm) (mm) (N/mm

2
)

1500 100 115 4 2,188,452 41,548 7.0 43 301.0 5.0 15 0.071

1500 100 120 4 2,184,761 45,239 7 43 301 5.0 0.072

1500 100 125 4 2,180,913 49,087 7 43 301 5.0 0.073

1500 100 130 4 2,176,907 53,093 7 43 301 5.0 0.074

1500 100 135 4 2,172,744 57,256 7 43 301 5.0 0.075

1500 100 140 4 2,168,425 61,575 7 43 301 5.0 0.077

1500 100 145 4 2,163,948 66,052 7 43 301 5.0 0.078

1500 100 150 4 2,159,314 70,686 7 43 301 5.0 0.080

1500 100 155 4 2,154,523 75,477 7 43 301 5.0 0.081

1500 100 160 4 2,149,575 80,425 7 43 301 5.0 0.083

1500 100 165 4 2,144,470 85,530 7 43 301 5.0 0.084

1500 100 170 4 2,139,208 90,792 7 43 301 5.0 0.086

1500 100 175 4 2,133,789 96,211 7 43 301 5.0 0.088

1500 100 180 4 2,128,212 101,788 7 43 301 5.0 0.089

1500 100 185 4 2,122,479 107,521 7 43 301 5.0 0.091

1600 100 120 4 2,494,761 45,239 8.0 40 320.0 5.0 15 0.070

1600 100 125 4 2,490,913 49,087 8 40 320 5.0 0.071

1600 100 130 4 2,486,907 53,093 8 40 320 5.0 0.072

1600 100 135 4 2,482,744 57,256 8 40 320 5.0 0.073

1600 100 140 4 2,478,425 61,575 8 40 320 5.0 0.075

1600 100 145 4 2,473,948 66,052 8 40 320 5.0 0.076

1600 100 150 4 2,469,314 70,686 8 40 320 5.0 0.077

1600 100 155 4 2,464,523 75,477 8 40 320 5.0 0.078

1600 100 160 4 2,459,575 80,425 8 40 320 5.0 0.080

1600 100 165 4 2,454,470 85,530 8 40 320 5.0 0.081

1600 100 170 4 2,449,208 90,792 8 40 320 5.0 0.082

1600 100 175 4 2,443,789 96,211 8 40 320 5.0 0.084

1600 100 180 4 2,438,212 101,788 8 40 320 5.0 0.085

1600 100 185 4 2,432,479 107,521 8 40 320 5.0 0.087

1600 100 190 4 2,426,589 113,411 8 40 320 5.0 0.089

1600 100 195 4 2,420,541 119,459 8 40 320 5.0 0.090

1600 100 200 4 2,414,336 125,664 8 40 320 5.0 0.092
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2.2 ⌐╟╢  

 

≢│ 2.1.2 ≢ ╘√ ╩ ∆╢ FSLRB ╩ ™╢ ⅜ LRB ╩

™╢ ╟╡╙ ⅜ ↄ⌂╢↓≤╩ ∆╢√╘ ⸗♦ꜟ─ ⌐

╟╡ FSLRB ⸗♦ꜟ≤ LRB ⸗♦ꜟ─ ╩ ℮⁹ 

⸗♦ꜟ─ ⅔╟┘ ╩ -2.2.1 ⌐ ∆⁹ │ ─ ╩

⇔√ RC ─ 10 ≤⇔ →∑╪ Tri-Linear ≢⸗♦ꜟ

∆╢⁹ 48.5 t ─ 1 0.20s ≢№╢⁹↓╣╩ FSLRB ─╖≢ ∆

╢ FSLRB ⸗♦ꜟ ⅔╟┘ LRB ─╖≢ ∆╢ LRB ⸗♦ꜟ╩ ∆╢⁹FSLRB │ ↕╣╢

─ LRB─℮∟╒╓ ≢№╢ẽ-1,500mm×1,500mm⌐ ⌐∆═╡ ẽ-485mm

×485mm ╩ 9 ⇔√╙─╩ 289 ™╢╙─≤∆╢⁹FSLRB ─ ╩ -2.2.1 ⌐ ∆⁹LRB

◗ⱶ─ ʎ =∆═╡ ─ ʎ =7.78N/mm2 ◗ⱶ Hr=203mm LRB + ⌐

∆╢ 3.9s ≢№╢⁹ │ (2.1.7)⌐! =2,144,470mm2 ! =85,530mm2⅔╟┘

ʎ 7.78N/mm2╩ ⇔≡ʈ=0.16 ≤ ∆╢⁹LRB │◗ⱶ ≤ ⱪꜝ◓ ⌐ ⇔ ◗ⱶ

│ 3) ╩ ⌐ ─Ɫכ♪♬fi◓ ╩ ⇔√ ┌⌡≢⸗♦ꜟ ∆╢⁹

ⱪꜝ◓ ⅔╟┘∆═╡ ─ │ Normal Bi-Linear ≤∆╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

-2.2.1 ⸗♦ꜟ─  

  

 

 

LRB  

FSLRB ⸗♦ꜟ 

 

LRB ⸗♦ꜟ 

 

 

W=4,755,450kN 

T1=0.20s 
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│ -2.2.2 ⌐ ∆ ╡ ╩ ↄ ╗ 2003 ─ K-NET

NS ╩ ™ ꜠ⱬꜟ⅛╠ ╕≢╩ ⇔≡◄Ⱡꜟ◑כ☻Ɑ◒♩ꜟ

─ maxVE⅜ ₁4 5 6m/s ≤⌂╢╟℮ ꜠ⱬꜟ╩ 3 ⌐ ∆╢⁹ ⌐ ∆╢

│ 2.3 2.9 3.5 ≢№╡ 4s ⌐⅔↑╢ ☻Ɑ◒♩ꜟ─ -2.2.2 b ⅛

╠ ∕╣∙╣ ꜠ⱬꜟ─ 1.0 1.2 1.25 1.5 1.5 1.8 ⌐ ∆╢⁹ 

 

-2.2.1 FSLRB ⸗♦ꜟ─  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

-2.2.2 ─  
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│ ─ ⱪ꜡◓ꜝⱶ₈Hyper-Dynamics₉╩ ∆╢⁹

─ ╩ -2.2.3 ⌐ ─ ╩ -2.2.4 ⌐∕╣∙╣ ∆⁹LRB ⸗♦ꜟ│

꜠ⱬꜟ─ ⌐ ∫≡ ─Ɫכ♪♬fi◓ ⅜ ╣ ─ ∑╪ ╛

⅜ ⌐ ∆╢⁹maxVE=6m/s ─ LRB ∑╪ ╖│ 444%⌐ ⇔≡⅔╡ ─

╣╩ ╣⌂™⁹√∞⇔ ◗ⱶ ╩ ⅝ↄ∆╣┌№╢ ─ │№╢╙─≤ ╦╣╢⁹

FSLRB ⸗♦ꜟ─ │ maxVE=4m/s ≢│ LRB ⸗♦ꜟ≤─ ⅜ ╠╣⌂™⅜ maxVE=5m/s

≢│ ⅛⌂⅜╠∆═╡╩ ∂≡ ⌂╢ ╩ ⇔ ╘╢⁹maxVE=6m/s ⌐⅔™≡╙ ∑╪

╛ │╒≤╪≥ ⇔≡™⌂™⁹↓─≤⅝ ─ │ 1.21m ≤ LRB ⸗♦ꜟ─

0.91m ╟╡╙ ⅝™⅜ LRB ─∑╪ ╖│ 250% ⌐ ╕∫≡™╢⁹√∞⇔ FSLRB ⸗

♦ꜟ─ │ 0.7m ≤ LRB ⸗♦ꜟ─ 0.01m 10mm ⌐ ═≡ ™⌐ ⅝ↄ⌂

∫≡™╢⁹ 

↓─╟℮⌐ ⌂ ╩ ∆╢ FSLRB ╩ ™╢↓≤⌐╟╡ ─ ⅔╟

┘ ─ ─ ╩ ⇔ ╟╡ ─ ™ ╩ ∆╢↓≤⅜≢⅝

╢⁹√∞⇔ ─ │ ─ ⌐ ⇔≡ ⅝ↄ⌂╢ ⅜№╢↓≤⅛╠

─ ┼─ ╩ ∆╢√╘⌐ ◒ꜞ▪ꜝfi☻╩ ⌐ ⅝ↄ ╢ ⅜№

╢≤ ⅎ╠╣╢⁹╕√ ⌐ ⅝⌂ ╩ ∂╢ ⅜№╢↓≤⅛╠ ┼─ FSLRB

⌐ √∫≡│ ─ ⌐ ∆╢ ─ ╛ ─ ─ ⅜

≤⌂╤℮⁹ 

 

 

 

 

 

 

 

 

 

 

 

-2.2.3 ─  
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-2.2.4 ─  
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2.3 ∆═╡ ─  

 

2.3.1 ∆═╡ ─  

 

∆╢ ─ ʈ│ ─ ╩ʎ ≤⇔≡ Hertz ─ 4)⌂≥⅛╠  

ʈ ɻ Ͻ ʎ  ɻ ɼ      (2.3.1) 

≤ ↄ↓≤⅜≢⅝╢⁹ 1 │ʈ≤ .─ .│ ! ≤ʎ ─ ≢№╢⅛╠  

1 ʈ Ͻ . ɻ Ͻ ! Ͻ ʎ       (2.3.2) 

≤ ↕╣╢⁹ ⅜ ∆╢ │ɼ=1/3 ⅝ ⇔ ≥℮⇔─ │ɼ=1/5 ≢№╢

≤↕╣≡™╢ 4)⁹ -2.3.1 a)⌐ ∆╟℮⌐ ╙⇔╙ɼ=1 ⌂╢ ─ ╖ ╦∑⅜ ∆╢⌂╠┌

(2.3.1)  (2.3.2)╟╡ ʈ│ʎ ⌐ ⇔≡ ⅝ↄ ∆╢ 1 │ʎ ⌐╟╠∏ ɻ! ≤⌂

╢⁹╕√ ɼ=0 ⌂╢∆═╡ ⅜ ∆╢≤∆╣┌ -2.3.1 b)⌐ ∆╟℮⌐ʈ│ʎ ⌐╟╠∏

≤⌂╢ 1 ⅜ʎ ⌐ ⇔≡ ∆╢⁹ 

↓↓≢ ∆═╡ ─ɼ ⌐╟╢ FSLRB ─ ─ ™╩ -2.3.2 ⌐ ∆

⌂ ⸗♦ꜟ╩ ∫≡ ∆⁹ ─ ╩ ─ 4 ─ FSLRB ≢ ∆╢ ⌂

2 ╩ ⅎ╢⁹ │ɼ=1 ─∆═╡ │ ⌐ɼ=0 ─∆═╡ ╩ ⇔ ≤╙

⌐ 10N/mm2 ─ʈ=0.15 ≤∆╢⁹ -2.3.2 a)─╟℮⌐ ─ ⅜⌂↑╣┌

⌂⅜╠ │ ─ ╩ ∆⁹ ⌐ ⅛╠─ ♩ⱷfiכ⸗ Over-Turning 

Moment OTM ⌐╟╡ 4 ─ ─ ⅜ -2.3.2 b)⌐ ∆╟℮⌐ ⇔≡™╢≤∆╢⁹ɼ=1

─ 4 ─ │ ≤⇔≡ ─ ╩ ⇔ LRB ⅜ ≡ ∂∑╪ ╖╩ ∫√

╕╕ ∆╢⁹ɼ=0 ─ │ 4 ─ ─∆═╡ ⌐ ⅝⌂ ⅜ ∂╢↓≤≤⌂╡

─⌡∂╣ ╩ ∆╢⁹↕╠⌐ ≤⌂╢ │ LRB ─Ɫכ♪♬fi◓╛∑╪

─ ╣⅜ ╕╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

      a) ɓ=1 ɛ=1.5ůs
-1

Qs/As=1.5                 b) ɓ=0 ɛ=0.15 Qs/As=0.15ůs  

-2.3.1 ⅔╟┘ ─  
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∆⌂╦∟ ɼ=1 ⌂╢ ─ ╖ ╦∑╩ ∆↓≤⅜≢⅝╣┌ ─꜡♇◐fi◓ ╛

⌐╟∫≡ ⅜ ₁ ₁≤ ⇔≡╙ ⌐ ─ LRB ∑╪ ╖≤∆═╡ ⇔

╩ ⇔ ─⌡∂╣ ╩ ∆╢↓≤─⌂™ ⌂FSLRB─ ⅜ ≤⌂╢⁹

⇔⅛⇔⌂⅜╠ ∕─╟℮⌂∆═╡ ─ │ ⌂ ─ ╖ ╦∑─ ⌐ ╠↨

╢╩ ⌂™⁹ ≤⇔≡─ ⌂≥─ ╙ ∆╣┌ ⌂ │ ─

∆═╡ 5)≤ PTFE ⌂≥─ ╛☻♥fi꜠☻ ⌂≥─ ⌐ ╠╣╢≤

╦╣╢⁹∕↓≢ ≢│ ⌂ ─ ∆═╡ ≤☻♥fi꜠☻ ─ ╖ ╦∑─ ⅛

╠ 2.1.2 ≢ ⇔√ ʈ╩ ⇔ ⅛≈ɼ⅜ ∆═╡ ─ ╩ ╢╙─╩ ∆╢↓

≤≤∆╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

   ɓ=1 ɛ=1.5ůs
-1

Qs/As=1.5                           ɓ=0 ɛ=0.15 Qs/As=0.15ůs  

a) ⅜⌂™  

 

 

 

 

 

 

 

 

 

 

  a) ɓ=1 ɛ=1.5ůs
-1

Qs/As=1.5                         b) ɓ=0 ɛ=0.15 Qs/As=0.15ůs  

b) ─꜡♇◐fi◓ ⌐╟╡ ⅜ ∂╢  

 

-2.3.2 ɓ ⌐╟╢ FSLRB ─ ─  

 

  

OTM

OTM

ůs=

10N/mm2

ůs=

5N/mm2

ůs=

10N/mm2

ůs=

15N/mm2
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ʈ=0.1 ─ ∆═╡ 5)⌐≈™≡ ─ │ ∏⇔╙ (2.3.1)─═⅝

≢ ↕╣≡™⌂™⁹∕↓≢ ⌐╟╡ʎ =30N/mm2 ⌐⅔↑╢

ɻ ɼ ╩ ∆╢⁹ -2.3.1 ⌐ ╩ ∆ ╡ ɼ │ 0.16 0.33 ≢№╢⁹╟∫≡ ⌐⅔™

≡│ FSLRB ─∆═╡ ⌐ ∆═⅝ ─ ╩ -2.3.2 ─ ╡⌐ ∆╢↓≤≤∆

╢⁹ 

 

 

-2.3.1 ∆═╡ ─  

 ɛ  ɻ  ɼ  

A  0.13 ɛ=0.305ůs
-0.29

  0.305 0.29 

B  0.094 ɛ=ɛ20×(2.3094-0.4388lnůs) (ɛ20 20ϴ⌐⅔↑╢ ɛ) 0.230 0.30 

C  0.115 ɛ=ɛ0×(1.2802-0.0202ůs) (ɛ0 15N/mm
2 ⌐⅔↑╢ ɛ) 0.163 0.16 

D  0.1 ɛ=ɛ0×(2.4898-0.5012lnůs) (ɛ0 15N/mm
2 ⌐⅔↑╢ ɛ) 0.268 0.33 

E  0.13 ɛ=1.488Ĭ(0.112-0.00276ůs)  0.210 0.32 

 

 

 

-2.3.2 FSLRB ∆═╡ ─  

  

ʈ 0.11~0.17 ʎ =10N/mm2  

ɼ 0.33 
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2.3.2 ∆═╡ ─  

 

≢ ╘√ ╩ ╕ⅎ ∆╢↓≤⅜≢⅝√ 12 ─∆═╡ ─ ╩

∆╢⁹↓╣╠─∆═╡ │ ה ⅜ ⌂╢ 4 ─ PTFE ה ⌐ ⇔≡

⇔√ ⅜ ⌂╢ 4 ─ Thermo Plastic Resin TPR ה

ה ⅜ ⌂╢ 2 ─ PTFE Laminated Resin LR ה

⅜ ⌂╢ 2 ─ Sintered Copper Alloy SCA ─ 4 ⌐ ↕╣╢⁹

∆═╡ ─ ╩ -2.3.3 ⌐ ∆⁹ │ ≡ẽ-60mm×60mm C5mm ╡

↕ t │ -2.3.3 ⌐ ─ ╡∆═╡ ⌐╟∫≡ ⌂╡ ↕ 60mm ─◙◓ꜞ╩ ∫√ ⌐

↕ ⱪ꜠כ♩≤≤╙⌐│╘ ╪≢ ∆╢⁹∆═╡ │ ≡ẽ-300mm×150mm×6mm ─

SUS304 → ≢№╢⁹ 

2 ╩ ™≡ ≢─ ╩ ™ ה ─ ה

∆═╡ ⅔╟┘ ╩ ∆╢⁹ ╩ -2.3.4 ⌐ ╩ -2.3.3 ⌐∕

╣∙╣ ∆⁹ ╠╣√ ⌐⅔™≡ 3 ─ ╩∕╣∙╣ ─

≢ ⇔ ∕─ ╩ ≤∆╢⁹ 

 

 

-2.3.3 ∆═╡ ─  

 

 

 

 

 

 

 

 

 

 

 

 

 

-2.3.4  
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∆═╡ ─ʎ =10N/mm2ה V=512mm/s ⌐⅔↑╢ ʈ ⅔╟┘ ה

V=512mm/s ─ ⅛╠ ⌐╟╡ ⇔√ (2.3.1)─ ╩ʈ ─ ⅝™ ⌐

-2.3.5 ⌐ ∆⁹↓─ ⅛╠ ʈ 0.11 0.17 ⅛≈ɼ>0.33 ─∆═╡ ≤⇔≡ PTFE-C PTFE-A

⅔╟┘ TPR-A ⅜ ↕╣╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

-2.3.3  

 

 

 

-2.3.5 ⅔╟┘ ─  

 

 

  

 

 [Ch.2]  

 ꜟ☿♪כ꜡
[Ch.1]  

29kN  

 ꜟ☿♪כ꜡
[Ch.3]  ∆═╡ ⱱꜟ♄כ ẽ-304×210×70 

∆═╡  ẽ-60 

 

∆═╡  ẽ-300×150×6 

 
[Ch.6]  

 ẽ-60 

[Ch.4]  

490kN 
  

 
[Ch.5] ∆═╡  
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─∆═╡ ─ ╩ -2.3.6 ⌐ ∆⁹∆═╡ ─ ╩ ⇔√≤↓╤

PTFE-C │ ⌐╟╡ ⅜ ⅝ↄ ⇔≡™╢⁹↓─√╘ ╛ ⌐ ╢≤

⇔ ⅛╠ ∆╢⁹ ╢ PTFE-A ⅔╟┘ TPR-A ⌐≈™≡ ∆═╡ ≤☻♥fi꜠☻

⅛╠⌂╢∆═╡ ⌐ ⇔≡ ⅔╟┘ ◘▬◒ꜟ ╩ ⇔

ה ╩ ∆╢⁹ │ ⌐ ∆⁹↓─ PTFE-A ─ ⅜ ⌐ ⇔√

╩ ⇔ ⌐ ╣╢╙─≤ ↕╣╢⁹ ╟╡ ≢│ PTFE-A

∆═╡ ⅔╟┘ →─ SUS304 ☻♥fi꜠☻ ∆═╡ ─ ╖ ╦∑

∆═╡ ╩ ⌐ ∆╢⁹ 

⇔√∆═╡ ─ V=512mm/s ⌐⅔↑╢ 3 ─ ╩ -2.3.4 a)⌐

─ ╩ -2.3.4 b)⌐∕╣∙╣ ∆⁹ │ (2.3.1) ɻ=0.40 ɼ=0.42 ⌐╟∫≡

™ ≢ ≢⅝≡™╢↓≤⅜ ⅛╢⁹⌂⅔ ╕≢⌐ 12 ∆═╡ ─ ╩ -2.3.5

-2.3.16 ⌐ ∆⁹ 

 

 

-2.3.6 ─ ∆═╡ ─  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

-2.3.4 ⇔√∆═╡ ─  
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-2.3.5 PTFE-A ─  
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-2.3.6 PTFE-B ─  
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-2.3.7 PTFE-C ─  
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-2.3.8 PTFE-D ─  
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-2.3.9 TPR-A ─  
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-2.3.10  TPR-B ─  
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-2.3.11  TPR-C ─  
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-2.3.12  TPR-D ─  
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-2.3.13 LR-A ─  
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-2.3.14 LR-B ─  
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-2.3.15 SCA-A ─  
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-2.3.16 SCA-B ─  
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FSLRB ─  

 

3.1 ≤  

 

≢│ ≢ ⇔√∆═╡ PTFE-A ≤∆═╡ →─ SUS304 ☻♥fi

꜠☻ ⅛╠⌂╢∆═╡ ╩ LRB ⌐ ⇔√ FSLRB ╩ ™

⅔╟┘ ⌐╟╡ ≤⇔≡─ ╩ ∆╢⁹ │ ─ ⌐

∂≡ LRB ─ ẽ-200mm×200mm ⅛╠ẽ-900mm×900mm ╕≢ ₁⌂◘▬☼─

╙─╩ ™╢⁹ LRB ─ 2 S2│ ↕╣≡™╢ LRB -2.1.3

─℮∟ ⌂ ─╙─╩ ™√ ⌂╙── ⅛╠ 2 ♃▬ⱪ╩ ∆╢↓≤

≤⇔ ∕╣∙╣─ ⌐ ∂≡ ∆╢⁹ ∆╢ FSLRB ─ LRB

2 ╩ -3.1.1 ⌐ ∆⁹ 

↓↓≢ ⅔╟┘ ≤™℮ ⌐≈™≡ ⇔≡⅔ↄ⁹FSLRB │ ≤⇔≡

↕╣≡™╢ ─ LRB ╩ ™╢↓≤≤⇔ ≢№╢ẽ-600mm×600mm ╩

≤⇔≡ ↓╣╟╡ ↕™ LRB ╩ ™╢ FSLRB ╩ ⅝™ LRB ╩ ™╢

FSLRB ╩ ≤ ∆╢⁹╕√ ─ │ ↕╣≡™╢ LRB

─℮∟╒╓ ≢№╢ẽ-1,500mm×1,500mm ╩ ⌂ ╡ ─ ≢ ⌐ ⇔√

╙─≤∆╢⁹ 

╕∏ 3.2 ≢│ ẽ-414mm×414mm S2=7.4 ─ ⌐╟╡ FSLRB

─ ╩ ∆╢⁹ ⌐ ⇔√ FSLRB ─ ⅜ ⌐ ≢№╢↓≤─

╩ ≤∆╢╙─≢№╢⁹3.3 ≢│ ẽ-900mm×900mm S2=4.6 ─

⌐╟╡ ⌐ ∆╢ ╩ ∆╢⁹FSLRB │ LRB ─∑╪ ⌐ ℮

≡∫╟⌐♩ⱷfiכ⸗ ⌐│∆═╡ ⌐ ⅝ ⅜╡╩ ∂╢√╘ ∕─ ╩ ⌐

╩ ∆╢⁹ ™≡ 3.4 ⌐⅔™≡ ẽ-200mm×200mm S2=4.6 7.4

─ 2 ♃▬ⱪ ─ 2 ╩ ™ ∆═╡ ─ 2 ⅔╟┘ LRB

⌡∂╣ ─ ╩ ℮⁹3.5 ≢│ ⌐ ∆╢ FSLRB ╩ ™≡ ╕≢

⌐ ╠╣√ FSLRB ─ ─ ╩ ∆╢⁹ │ẽ-600mm×600mm S2=5.1

⅔╟┘ẽ-900mm×900mm S2=7.4 ─ 2 ♃▬ⱪ≢№╢⁹ ⌐ 3.6 ⌐⅔

™≡ ╠╣√ ≡─ ╩♃כ♦ ⇔ FSLRB ╩ ⌐ ∆╢ ⌐ ≤⌂╢ ה

─ ה ╩ ⇔√ ╩ ∆╢⁹ 
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FSLRB ─ ה  

 

4.1 ≤  

 

│ ◄Ⱡꜟ◑כ─ ╩ ≢ ∆╢ ≢№╡ ─ ⅜

─ ⌐ ╓∆ ⅜ ╘≡ ⅝™⁹↓─√╘ │ ─ ╩ ⅎ

╢ ╛ ⌂≥⅜ ∂√ ⌐ ╡ ⅎ╢↓≤⅜≢⅝╢╟℮ ↕╣≡™╢⁹⇔⅛⇔⌂⅜

╠ ╡ ⅎ⌐ ∆╢ ╛ ⅜ ≤⌂╢↓≤⅛╠ ⌐│ ─ ≤

─ ⌐╦√∫≡ ⇔√ ╩ ∆╢↓≤⅜ ↕╣≡™╢⁹ 

FSLRB │ ─ ⌐ ⇔≡↕╠⌐ ™ ─ ╩ ∆╙─≢№╡

─ ⌐│ ╛ ה ה ה ה ⌂≥─ ─ ╛

≤⌂╢ ┼─ ╩ ⇔≡™╢⁹ ∫≡ ⅛╠ 100 ↄ⌐⅔╟┬ ⌐

╦√╡ ≤⇔≡─ ⌐≥─ ─ ╩ ∂╢ ⅜ ∆╢⅛⌐≈™≡

─ ≢ ⌐ ⇔≡⅔ↄ↓≤⅜ ⌐ ≤⌂╢⁹ 

≢│ FSLRB ─ ╩ ⅝ↄ ∆╢ LRB ─ ≤◗ⱶ ─ ה

⅔╟┘∆═╡ ─ ⌐≈™≡ ה ╩ ⌐ ∆╢⁹4.2 ≢│

◗ⱶ ─ ה ⌐≈™≡ ∂╢⁹╕∏ LRB ⌐ ╠∏ ◗ⱶ ╩ ™√

◗ⱶ ⌐≈™≡ ─ ╩ ⇔⌂⅜╠ ה ⌐≈™≡

╩ ═╢⁹ ⌐ ◗ⱶ ─ ⌐ ⅝ↄ ∆╢≤ ⅎ╠╣╢ ◗ⱶ⌐≈™≡

⌐ ◗ⱶ ⌐ ↕╣╢◗ⱶ ⌐ ─ ╩ ∆╢ ╩

™ ∕─ ה ╩ ⌐ ∂╢⁹4.3 ≢│ ∆═╡ ─ ה ⌐

≈™≡ ∆╢⁹ ◗ⱶ ─ ⌐ ═ ∆═╡ ⌐≈™≡ ⌂≥─

─ ╩ ∂√ │ ⌐ ⌂™╙── ╕∏↓╣╠─ ╩꜠ⱦꜙ⁹╢∆כ

⌐ FSLRB ⌐ ™╢∆═╡ ─ ╩ ™ 5 ─ ⌐╟╢ ─

⌂╠┘⌐ 2 ⅛ ─ ◘▬◒ꜟ ⌐╟╢ ─ ╩ ⌐ ∆╢⁹ ⌐ 4.4

⌐⅔™≡ ─ ╩ ∆╢⁹ 
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FSLRB ─  

 

5.1 ≤  

 

≢│ FSLRB ╩ ⇔√ ─ ⌐≈™≡ ⸗♦ꜟ─

⌐╟╢ ╩ ℮⁹ 

╕∏ 5.2 ⌐⅔™≡ FSLRB ╩ ⇔√ ≤ ─ LRB ╩ ⇔√ ─

⸗♦ꜟ╩ ∆╢⁹ ⌐│ ─ ⅜ ╘╠╣╢ ╩ ™

╢↓≤≤⇔ ─ ─ ╩ ⌐ ⱦfiכ♃─ ⅔╟┘ ─

⸗♦ꜟ╩ ∆╢⁹ ⸗♦ꜟ╩ ─ ꜝⱨ♩ ⌐ ⇔ ↓╣╩

≡ FSLRB ≢ ∆╢ FSLRB ⸗♦ꜟ ⅔╟┘ ≡ ─ LRB ≢ ∆╢ LRB ⸗♦ꜟ╩

∆╢⁹ 

5.3 ≢│ ⌐ ™╢ ≤⇔≡ ⌐ ≢ ה ↕╣√╙──

⅛╠ Ɽꜟ☻ ─ 3 ─ ⌂╢ ╩ ∆╢ ╩

⇔ ∕─ ╩ ∆⁹ 

™≡ 5.4 ⌐⅔™≡ ⇔√ ⸗♦ꜟ─ ╩ ℮⁹ ⌐│

⅜ ∆╢ ⱪ꜡◓ꜝⱶ₈Hyper-Dynamics₉╩ ™╢⁹ ╠╣√

╩ ⌐ FSLRB ─ ⅔╟┘ ╩ ∆╢⁹FSLRB │ ╩ FSLRB ─╖≢

∆╢ ≢№╡ ≤ ─ │∆═╡ ─ ─╖≢ ↕╣ Ⱳꜟ

♩⌂≥╩ ⇔≡ ↕╣╢↓≤⅜⌂™⁹ ∫≡ ╩ ↑≡∆═╡ ⅜ ∆╢≤

⅔╟┘ ₁─ FSLRB ⌐ ─ ╟╡╙ ⅝⌂ ╩ ∂╢ ╣⅜№╢⁹↓

─ ╩ ⇔≡ ╩ ⌐ ↕∑╢↓≤─⌂™╕╕ ⌂≥ ─ ╩

↑√ ─ ⌐≈™≡─ ⅜ ≢№╢⁹╕√ ─┌╠≈⅝╛ ─

™⌐╟╡ ₁─ FSLRB ─ ⅜ ⅝ↄ ⌂╢≤ ─⌡∂╣ ╩ ∆╢↓≤╙ ⅎ

╠╣╢⁹↓╣╠─ FSLRB ⌐ ∆╢ ⌐≈™≡╙ ╩ ™≡ ╩

℮⁹ 

⌐ ╩ ↑≡∆═╡╩ ∂√ ─ ⅔╟┘ ₁─ FSLRB ─ ╩

⇔ ⌐ ∆╢ ⌐≈™≡ 5.5 ⌐ ⇔√ 5.6 ⌐⅔™≡ ─ ╩╕

≤╘╢⁹ 
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6.1 ─  

 

│ ─ ╩ ╢ ⌐ ╦╣√ ≢╙ ─ ╛ ╩ ⌂

℮↓≤─⌂™ √⌂ ⅔╟┘ ◦☻♥ⱶ╩ ⇔ ∕─ ╩ ⌐ →≡

⇔√╙─≢№╢⁹ ⌐ ─ ╩╕≤╘╢⁹ 

 

₈ ₉≢│ ─ ╩ →╢⌐ ∫√ ⌐≈™≡ ⇔√⁹ ⌐⅔

™≡│ ─ ꜠ⱬꜟ╩ ╢ ⅜√┘√┘ ⇔≡™╢⁹↓─ ⌐

╖≡ ⅜ ╩ ↑╢ ⌐ ↕╣╢ ╩ ⇔ ≢≢⅝╢

╡ ⇔≡⅔ↄ↓≤─ ⌐≈™≡ ⇔√⁹ ⌂ ≤⇔≡ ─ ┼─

─ ─ ─ 3 ╩ → ↓╣╠─ ╛ ⌐ ╡ ╪

∞ ─ ≤ ╩ ∫√⁹↓─ ™∏╣─ ╙↓╣╠─ ≡╩

∆╢↓≤│ ≢№╢≤─ ⅎ╩ ═√⁹ 

 

₈ FSLRB ─ ₉≢│ ─ LRB ⌐∆═╡ ╩ ⇔√ ⇔™

FSLRB ─ ≤ ⌐ ⇔√⁹ ꜠ⱬꜟ─ ⌐ ⇔≡│ ─ ™∏╣

⅛─ ⅜Ⱳꜟ♩ ⅜ ─ LRB ≤⇔≡ LRB ≤ ╦╠⌠ ╩ ∆╢⁹

꜠ⱬꜟ╩ ⅎ╢ ⌐ ⇔≡│ ∆═╡ ─ ⌐╟∫≡◗ⱶ─Ɫכ♪♬fi◓

╛ ┼─ ─ ╩ ∆╢⁹╕∏ ╘⌐ FSLRB ⅔╟┘ LRB ─

╩ ™√ ╩ ™ FSLRB ⅜ LRB ╟╡╙ ™ ╩ ∆╢↓≤╩

⇔√⁹FSLRB ─ ה ╩ ⌐ ∆╢√╘⌐│ ◗ⱶ⅜Ɫכ♪♬fi◓╩ ∂ ╘╢∑

╪ ╖ 250% ≢ ⌐ ╩ ╘╢ ⇔√ ╩ ∆╢↓≤⅜ ╕⇔™⁹↓─√╘⌐

⌂ ─ ╘ ╩ ⇔√⁹╕√ ⸗♦ꜟ─ ⌐╟╡

╩ ∆╢ FSLRB ⅜ ─ LRB ╟╡╙ ™ ╩ ∆╢↓≤╩ ⇔√⁹

─ ╩ ╕ⅎ FSLRB ─∆═╡ ⌐ ™╢ ─ ╩ ∫√⁹ ≢№∫√ 12

─∆═╡ ─ ⅛╠ →─☻♥fi꜠☻ ≤ ╖ ╦∑≡ ⇔√ ⌐

⌐ ╙ ™ ╩ ⇔ ⅛≈ ⌐╦√∫≡ ⇔√ ╩ ∆╢ ─ ™

≤⇔≡ ⱨ♇ ◄♅꜠fi ─∆═╡ ╩ ⇔√⁹ 
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