
 

12  ─ ⌐ ∆╢◦fiⱳ☺►ⱶ ( 2019 12 )                      

 

⇔√ ─ ⌐≈™≡ 

 

Various loading test results on elements of corroded conventional rockfall protection fences 

 

*  ** ***  **** **** *  

Hisashi Konno, Satoshi Kasai, Hiroshi Hashiguchi, Kengo Hori, Syushi Matsushima  

 

* ( ) ( ) ₔ062-8602 1 3 1-34  

** ( ) ₔ062-8602 1 3 1-34  

*** ( )◄fi☺♬▪ꜞfi◓ ⱴⱠכꜗ☺כ ₔ103-8306 3 6-2  

**** ( ) ◦♬▪ⱴⱠכꜗ☺כ ₔ101-0021 4 14-1  

***** ( )ⱦכ☿כⱨ ₔ939-1518 220-6  

 

   Key Words: conventional rockfall protection fence, loading test, wire net, wire rope 

♪כ꞉כ◐ ꞉▬ꜘ꜡כⱪ 

 

 

 

1 │∂╘⌐ 

 

⅜ ─ ╛ ─ ™⌐│ ₁⌂
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3.2mm │ ⌐ ∆ ╟╡ ⇔ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

√ ≢№╡ ꞉▬ꜘ꜡כⱪ 3×

7G/O18ɫ ⌐≈™≡│ ─ ⅔

╟┘ ꜟⱩכ◔─ ╟╡ ⇔√ 2

∕╣∙╣ A⅔╟┘ B ≢№╢ ™

∏╣─ ╙ ⌐ ⇔≡⅔╡ ⇔™

⌐№╢⅜ ⅜ ↕╣≡⅛╠─

│ ≢№╢  
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3 ꞉▬ꜘ꜡כⱪ 

 

3.1  

 ꞉▬ꜘ꜡כⱪ─ ≤⇔≡ ⅔╟┘

OM ╩ ⇔√ ─

╩ ⌐ ∆ A│ ⌐ ─

⅜ ↄ B│ ─ ≤⌂∫

≡™√  

(1)  

⌐≈™≡│ 100mm ⌐ ⇔√

╩1 ∏≈⌐┌╠⇔ ⌐│▬fiⱥⱦ♃כ

─ ╩ ⇔ ≢╘∫⅝⅔╟┘ ╩ ⇔√

≢ⱴ▬◒꜡ⱷכ♃כ⌐╟╡ ╩ ⇔√  

⌐│ ─ ╩ ∆

⌐ ─ ⅜ ⇔≡™√ B│

A╟╡╙ ⅜ ↄ⌂∫≡™√  

(2) OM  

 OM ⌐≈™≡│ ╩◄ⱳ◐◦

≢ ╘ ╖ ─ ↕⌐ ⇔ ≢ →√

╩ ∫√  

⌐│ OM ╩ ∆ A│ 3

─╟╡ ─ ⅜╒╓ ≢№╡ ╙╒╓

≢№╢ B│ ⌐ ⅜

ↄ ⇔≡⅔╡ ─ ⅜ ⅜∫≡™╢≤≤╙

⌐ ╙ ₁ ⌐╟╡ ≢№∫√  

 

3.2 3) 

(1)  

 │ ⌐ ─ ╩ ↑√╙

─≢№╡ ─꞉▬ꜘ꜡כⱪ │900mm≢№╢  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

│ ╙⇔ↄ│☻♩ꜝfi♪⅜ ⇔ ⅜ ⇔

⌂ↄ⌂∫√ ≢ ≤⇔√ A⌐≈™≡│

─┌╠≈⅝⅜ ↕⅛∫√↓≤⅛╠3 B

⌐≈™≡│ ⌐┌╠≈⅝⅜ ╠╣√↓≤⅛╠5

⌐ ⇔≡ ╩ ⇔√ │ ≤

꞉▬ꜘ꜡כⱪ─ ┘≢№╢⅜ ┘│ ◌ⱷꜝ≢

⇔ ─ 500mm ⌐ ∆╢ ≤

⇔√  

(2)   

 ⌐│ A⅔╟┘B≤ ─√╘

≢ ↕╣≡™╢ ꞉▬ꜘ꜡כⱪ

─ ┘ ╩ ⇔≡™╢  

A─ ┘ ⌐≈™≡╖╢≤ 3 ─

⌐┌╠≈⅝│⌂ↄ╒╓ ─ ⅜ ╠╣≡⅔

╡ │™∏╣─ ╙ 170kN≢№╡
2)⌐ ↕╣≡™╢ ─ 157kN╩

∫≡™╢ ┘⌐ ⇔≡│ ™∏╣─ ╙5

≢№∫√ ╟╡ A│ ⅛╠│ ╛

╣⅜ ╠╣╢╙── ⌐╟╢ ─ ⌂ ⅜⌂

ↄ √ ⌐ ⇔≡ ⅜№╕╡ ⇔≡™⌂™╙─≤

↕╣╢  

B ─ ┘ ⌐≈™≡╖╢≤ 5

─ │ ⅝ↄ┌╠≈™≡™╢↓≤⅜ ⅛╢ ↓

╣│ ⅛╠╙ ⅛╢╟℮⌐ ⅜ ⌐ ⇔

≡™╢↓≤⌐ ⅎ≡ ⌐ ⌐ ⇔≡⅔╡

─ ⌐┌╠≈⅝⅜№╢↓≤⌐╟╢╙─≤ ↕╣

╢ ⌐ ⇔≡│ Case2-3─╖⅜ ╩

∫≡™╢╙── ╡─4 ⌐ ⇔≡│™∏╣╙  

 ─  

(a)        (b)   

 A B─ OM  

 ─  

A-1 3.030 2.811 0.219
A-2 2.993 2.795 0.198
A-3 3.000 2.809 0.191
B-1 2.955 2.766 0.189
B-2 3.005 2.743 0.262
B-3 3.019 2.778 0.240

 ┘  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

╩ ∫≡⅔╡ Case2-4⅔╟┘Case2-5≢│

─70 ╕≢ ⅝ↄ ⇔≡™╢ ╕√

┘⌐ ⇔≡╙ ─ ⌐ ⇔≡ ↕ↄ ↕

╣≡⅔╡Case2-4⅔╟┘Case2-5≢│1 ≤⌂∫≡™

╢  

─ ┘ ⌐ ⇔≡│ 3 ─

⌐┌╠≈⅝│╒≤╪≥⌂ↄ │ ≢192.6kN

┘│7.15 ≢№╢  

ⱪכ꜡ (3) ⅔╟┘  

⌐│ ⱪכ꜡ ─ ⅔╟┘

┘─ ─ ╩ ⇔≡™

╢ ╕√ ─ ─ ╩ ⌐

∆  

ⱪכ꜡ ⌐ ∆╢≤ ⌐┌╠≈⅝⅜ ↄ™

∏╣╙ ╩ ∫√ A≢│ ™∏╣

╙20mm ─ ≤⌂∫≡™╢ ─┌╠≈

⅝⅜ ⅝ↄ ⅜ ─ ╩ ∫√ B

≢│ ⱪכ꜡ │21mm ─ ╩ ⇔≡™╢↓≤⅜

⅛╢ ↓╣│ ─ ─ ⅜ ⌐ ∆╢

─ ⅜ ↄ ⱪכ꜡ ─ ⌐ ↕╣√╙─≤

↕╣╢ ↓─↓≤│ ≢꞉▬ꜘ꜡כⱪ ╩ ∆

╢↓≤⅜ ╩ ∆╢√╘─ ⌐⌂╡℮╢

╩ ∆╢╙─≢№╢  

⌐ ⌐ ∆╢≤ A≢│

─ ≤ ⌐ ─ ≢

⇔≡™╢ B≢│ Case2-1╩ ⅝

╛ ╟╡╛╛ ╣√ ≢ ⇔≡™╢

↓≤⅜ ⅛╢ ─ ≢│ ⌐⅔™

≡ ─ │ ↄ⁸ ⌐ ⅝⌂ ≤≤╙⌐

☻♩ꜝfi♪⅜ ∆╢⅜ B≢│ ≢

─ ⅜ ₁ ⇔≡™√ ↓╣│ ⅜ ⌐  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

⌐ ⇔≡™√√╘≤ ↕╣ ↓─╟℮⌂ ╩

∆╢꞉▬ꜘ꜡כⱪ≢│ ⅜ ∆╢ ⅜№

╡ ╩ ∆╢√╘─ ⌐⌂╡℮╢ ╩

∆╢╙─≢№╢  

 

4 └⇔  

 

4.1  

 └⇔ ─ ≤⇔≡ ⅔╟┘ ⌐

⇔≡ ⅛√↕ ╩ ⇔√  

⌐≈™≡│ C Si Mnⱴfi●fi

Pꜞfi S Cr◒꜡ⱶ Cu Ni♬♇◔ꜟ─ 8

⌐≈™≡ ╩ ∫√ ⌐≈™≡│

│10 ⌐≡ ╩ ⇔√ │

10 ⌐≡ ╩ ⇔√ │

C⅔╟┘S│ ∕─ ─ ⌐≈™

≡│ ICP ⌐≡ ╩ ∫√

⌐ ╩ ∆ │ ⌐ ⇔≡Cu

⅜ ™╙── ∕─╒⅛─ ⌐ ⇔≡│ ─ ≤

⌂∫≡™√  

⅛√↕ ⌐≈™≡│ ─ 1/4 ╩ 5

⇔ ⱦ♇◌כ☻ ↕ ╩ ⇔√ ─ ⱦ

☻כ◌♇ ↕│ ⅜ 155 ⅜ 160

≢№╡╒╓ ─ ╩ ⇔√  

⌐≈™≡│ ⅔╟┘ ⌐

╩ ⅝ ×50 ×100 ×500⌐≡

╩ ⇔√ ⅔╟┘ ⌐ ⅔╟┘

─ ╩ ∆  

1-1 19.65 168.75 4.80 x=90mm

1-2 19.82 169.00 4.94 x=80mm

1-3 19.84 168.00 4.92 x=840mm

2-1 21.09 143.25 2.02 x=90mm

2-2 20.56 120.50 1.06 x=450mm

2-3 20.61 163.75 3.70 x=760mm

2-4 21.14 111.00 0.90 x=680mm

2-5 20.97 108.00 0.88 x=750mm

ű

Case

1

1

3

1

2

1

1

2

x

x

x

x

x

x

x

x

 ꞉▬ꜘ꜡כⱪ─  
 

─  

 ─ Case1-3  

  

☻♩ꜝfi♪─  

 ─ Case2-5  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

⅛√↕ ─ ╟╡

≤ │╒╓ ∂ ╩ ∆╢ ≢№

╢↓≤⅜ ≢⅝√  

 

4.2  

(1)  

 └⇔ ɫ3.2mm ─ │ ≤

─2 ⌐ ⇔≡ ⇔√ │ ─

╩┌╠⇔ ─ ≢ ⇔√ ╩

⇔√ │ ≤╙⌐ 3 ≤⇔√

─ ╩ ⌐ ∆ ⌐ ∟ ⌐

∆3 ─ ≢ ╩ ⇔√ │ ∕╣∙╣

─ ≢ ∆╢2≈─ ╩ ⇔√

│ ⌐╟╡ ─ ╩♅ꜗ♇◐fi◓

⇔√ 30mm/min⌐≡ ⇔√  

(2)  

 ⌐│ ─ ╩ ∆

─3 ⌐≈™≡│ ™∏╣─ ⌐⅔™≡╙ ∆

╢2≈─ │╒╓ ∂ ╩ ⇔ ≤⌂∫≡™╢

↓≤⅜ ⅛╢ │ ≢ 3.13 3.16mm≢№╢

─3 ⌐≈™≡│ ™∏╣─ ⌐⅔™

≡╙ ∆╢2≈─ │ ⌂╢ ╩ ⇔≡⅔╡

─ ─ ⅜℮⅛⅜╦╣╢ │ ≢3.12

3.24mm≢№╢ ⌐│ ─  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

─ ╩ ⌐│ ╩ ∆ ↓↓ 

≢ ↕│ ╩ ─ ╟╡ ╘

√ ≢ ⇔√ ≢№╢⁹ ↕│ ⅜ ⌐

⇔≡30 ⇔≡™╢ ≤⌂∫√ ↓╣│

─ ™⅛╠╙ ↕╣╢╟℮⌐ ─ ⌐

│ ⌐╟╡ ⅜ ⇔≡™╢ ⌐ ⅜

∆╢√╘≤ ⅎ╠╣╢  

 ─  

C Si Mn P S Cr Cu Ni
0.069 0.150 0.360 0.011 0.025 0.023 0.024 0.016
0.050 0.250 0.510 0.016 0.018 0.024 0.008 0.013

  

 
 

 

Ἲ ӡ
ˢ ự״ ˣ

  

  

3.25 3.28 3.08 3.32 3.05 3.44 3.24
3.07 2.85 3.13 3.25 3.03 3.39 3.12
3.11 3.33 2.95 3.24 3.11 3.11 3.14
3.16 3.16 3.16 3.16 3.15 3.15 3.16
3.15 3.13 3.15 3.14 3.13 3.13 3.14
3.14 3.12 3.13 3.13 3.13 3.12 3.13

(mm)

╟╡ 3,2,1 3,2,1  

 ─  

2,296 278
2,316 303
2,226 287
3,224 411
3,171 410
3,187 414

(N/mm2)

  

×100 ×500

×100 ×500

×50 

×50

  

  

×100 ×500

×100 ×500

×50 

×50



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.3  

(1)  

│ ⅔╟┘ ⌐ ⇔≡∕

╣∙╣ 2 ─ ╩ ⇔√ 1 │ ─

─

≢№╡ ╙℮1 │ ─

─

≢№╢ │ ⌐ ∆ ╩

⇔ 1.2m×1.2m ─ ⌐ ⇔≡ 1.0m×1.0m─

≢ ╩ ⇔ ─

⌐ ∫ ╢↓≤≢ ∫≡™╢ ⌐ ⇔≡│

≈≠╖ ⌐ ⅜ ⇔⌂™╟℮⌐ ─ ╩

≢⅝╢╟℮⌐ ⇔≡™╢  

⌐│ ─ ╩ ⇔

≡™╢ ─┌╠≈⅝│№╢╙── ≤ │

╒╓ ─ ╩ ⇔≡™╢ │

⅜46.0kN⌐ ⇔≡ ⅜42.2kN≤⌂╡

⅜ 8 ↕⌂ ≤⌂∫≡™╢ ⌐│

─ ╩ ⇔≡™╢ ↓─  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

⌐ ⇔≡╙ │╒╓ ─ ╩ ⇔≡

⅔╡ │ ⅜ 44.4kN ⌐ ⇔≡ ⅜

30.6kN≤⌂╡30 ↕™  

(2)  

 ⌐⅔↑╢ ≤

─ ⌐⅔™≡ 40cm

╩ ™√ ╩ ⇔√ ⌐│ ∕

─ ╩ ⌐│ ─ ╩

∆ ╟╡ 10kN ╕≢│ ≤

│ ─ ╩ ∆╙── ∕╣ ─ ≢│

─ ⅜ ↕ↄ ⅜ ⅝ↄ ↕╣≡™╢ ↓╣│

─ ─ ─⅛╖ ╦∑╛ ⌐

╟╢ ─ ⌂≥⅜ ⅎ╠╣╢⅜ ⅜ ⌂™

↓≤⅛╠ ⌂╢ ⅜ ≢№╢ │ ⅜

37.7kN ⅜32.9kN≤⌂╡13 ↕ↄ⌂∫√   

(a)           (b)  

 ─  

  

 ≤  

0.8 1.922 31.2
0.9 2.162 26.7
1.0 2.403 33.6
0.8 1.922 29.6
1.0 2.403 32.3
1.1 2,643 36.1
1.2 2,884 34.4

(kN)(kJ)

 

(mm)

( kN) ( kN)

(mm)

( kN)

(mm)

  

 

  

 

  

 


