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N/mm2

PC

No. 
PC  As  Aa PC

4 
12.7mm×3

As 296.1 mm2
90 mm Aa 6361.7 mm2 4.65 % 

5 
12.7mm×6

As 592.3 mm2
115 mm Aa 10386.9 mm2 5.70 % 

6 
12.7mm×6

As 592.3 mm2
135 mm Aa 14313.9 mm2 4.14 % 

7 
PC  D36 

As 1018 mm2
115 mm Aa 10386.9 mm2 9.80 % 

8 
12.7mm×7

As 691.0 mm2
115 mm Aa 10386.9 mm2 6.65 % 

10 
PC  D36 

As 1018 mm2
115 mm Aa 10386.9 mm2 9.80 % 
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a  No.4 
12.7mm 3 1.0 m 

PC  27 mm

b  No.5 
12.7mm 6 1.0 m 

PC  31 mm

c  No.6 
12.7mm 6 1.0 m 

PC  41 mm

d  No.7 
PC  D36 1.0 m 

PC  39.5 mm

e  No.8 
12.7mm 7 2.0 m 

PC  31 mm

d  No.10 
PC  D36 2.0 m 

PC  39.5 mm
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PC

PC
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3 6

3.0 m

( 1 ) 90 mm 115 mm 135 mm
115 mm

135 mm

( 2 ) N 14 0.424 0.495 N/mm2

N 20 0.17 0.25 

N/mm2 90 mm

( 3 )

( 4 ) 0.10 mm/kN
0.02 mm/kN

( 5 ) 1.0 m
2.0 m
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( 6 )

( 7 )

( 8 ) PC

PC

( 9 )
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1) ( ) p.78 2012

2) ( ) P.87 2018
3) ( ) pp.95-97 2012

4) ( ) p.178 2012

5) ( ) p.184 2012
6)

C Vol.67 No.3 pp.319-338 2011

7) Ostermayer, H. and Scbeele, F. F. : Research on ground anchors in non-cohesive soils, 

, , pp.92-97, 1977. 
8) Wernick, E. : Stresses and strains on the surface of anchors, 

, pp.113-119, 1977. 
9) ( ) P.86 2018

10) 20

pp. 1339 1340 1985
11)

28 pp.2093-2094 1993

12) ( ) p.103 2003
13) ( ) p.77 2012
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4

4 1

10.0 m 10.0 m

Ostermayer1) 45 1974 300

2) 3.0 m 5.0 m

3.0 m 5.0 m

2.5 m
3.0 m 5.0 m

80 tf

3) 4)

10.0 m 15.0 m D PC

4 2

D

135 mm

10.0 m 15.0 m 9.5 m 15.0 m D
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15
PC 12.7mm 7 1.5 m

24 N/mm2

2000 kN 5

100 kN 650 kN 200 300
400 500 650 kN 50 kN PC

5

650 kN 700 12

1 2 1

PC

PC

12.7mm 7
1092 kN 691.0 mm2 135 mm 15 15.0 m 
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4 3

4 3 1

600 kN
5) 10 %

500 kN

500 kN
500 kN 650 

kN

500 kN 650 kN
650 

kN 5

PC
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4 3 2

650 kN 700 12

5 40 0.5 mm 50

1.5 mm 300 5 400 6.7 3.6 
mm 650 kN

4 3 3

15.0 m

300 kN 2.0 m
2.0 m

400 kN 500 kN 600 kN

2.0 m 4.0 m 6.0 m
650 kN 8.0 m

10.0 m

10.0 m

2) 3.0 m 5.0 m

650 kN
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2.5 m 15.0 m
2.0 m

2.0 m

15.0 m
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4 4

10.0 m 15.0 m

N/mm2 N %

mm mm

a f 2.0 m
200 kN 300 kN 90 %

2.0 m 400 kN

4.0 m 11.0 m
500 kN 600 kN 8.0 m

650 kN

10.0 m 10.0 15.0 m

e f 600 kN 650 kN 2.0 

m 0.38 N/mm2 0.36 N/mm2

650 kN 10.0 

m 60 % 2.0 m
6.0 m 10.0 m

6 % 650 kN

6.0 m 94 %
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a 200 kN b 300 kN

c 400 kN d 500 kN

e 600 kN f 650 kN

0.38 N/mm2 0.36 N/mm2
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4 5

10.0 m 15.0 m D

PC

( 1 ) 5 40 0.5 mm

50 1.5 mm 300 5 400 6.7

3.6 mm

( 2 ) 15.0 m

2.0 m 1980
6) 1993 2)

3.0 m 5.0 m

( 3 ) 650 kN

10.0 m 10.0 15.0 m

650 kN 60 %
2.0 m 6.0 m 10.0 

m 6 % 6.0 m 15.0 

m 6.0 m

( 4 ) 600 kN 650 kN

2.0 m 0.38 N/mm2 0.36 N/mm2

0.38 N/mm2
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1) Ostermayer, H. : Construction, carrying behaviour and creep characteristics of ground 

anchors, Diaphragm walls and anchorages, 

, pp.141-151, 1974. 
2)

28 pp.2093-2094 1993
3) ( ) pp.67-69 2012

4) ( ) p.139 2018

5) ( ) pp.192-193 2012
6) 2 Vol.12 No.2 pp.21-23 1985
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5

5 1

2

4

5 2

1
1) 2)

1)

3 m 2)

3.0 m
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60 % 2)

2)

3.0 m
100 % 3.0 m 60 %

100 % 60 %
2)

3)

2018 2)

1979 3)
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50 80 % 2)

1977 Littlejohn and Bruce4) 1.0
0.1 0.1

1995 Littlejohn5)

10
BS6) Ostermayer 10.0 m

10 10.0 m

CL CM 1.0 m

2.0 m

D
15.0 m 650 kN

2.0 m 60 %

1980
7) 86 tf 170 tf

1.2 m

10.0 m 5.0 m
142 tf 180 tf

1993 8) 3.0 m 5.0 m

2.5 m

3.0 m 5.0 m 80 tf
100 tf

0.5 1.5 m
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2

1985 7)

 3.0 m 1tf 9.81kN  5.0 m 1tf 9.81kN

1993 8)

170tf 1668kN

142tf 1393kN

58tf 569kN
86tf 844kN

114tf 1118kN
142tf 1393kN
170tf 1668kN

1tf 9.81kN
1kgf/cm2 98.1kN/m2

kgf/cm2

0.5m 0.5m 0.5m 0.5m1.0m1.0m1.0m1.0m1.0m 1.0m
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5 3

1) 2)

Ostermayer9) 45

1974 300
100 150 mm

N 14 90 mm 115 mm 135 mm 3

1.0 

m Ostermayer

Ostermayer

CL CM 115 mm 135 mm

115 mm PC

PC

a b
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5 4

10)

11)

12)

1976

PS

0.3 MN/m2

0.2 MN/m2

12)

N
18.2 N 18

2012 10)
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a b

2018 11)

2007 12)
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5 5

2
13)

10

10

2012 13)
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14)

PC

PC

a b
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5 6

2 4

( 1 )

( 2 )

( 3 )

( 4 )

PC

( 5 )

( 6 )
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( 7 )

PC
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1) ( ) p.77 2012

2) ( ) pp.114-116 2018
3) p.140 1979. 

4) Littlejohn, G. S. and Bruce, D. A. : , pp.6-7, 1977. 
5) Littlejohn, G. S. : 2:3 and 4:18�37

1995. 
6) British Standards Institution : British Standard Code of Practice for Ground 

Anchorages, pp.25-28, 1989. 
7) 2 Vol.12 No.2 pp.21-23 1985

8)

28 pp.2093-2094 1993

9) Ostermayer, H. : Construction, carrying behaviour and creep characteristics of ground 
anchors, Diaphragm walls and anchorages, 

, pp.141-151, 1974. 
10) ( ) p.78 2012

11) ( ) pp.90-91 2018

12)  ( ) pp.55-56 2007
13) ( ) p.159 2012

14)

C Vol.67 No.3 pp.319-338 2011



6

121

6

6 1

10 10 m

15.0 m 1980
1) 1993 2) 3.0 m 5.0 m

2.0 m
2.0 m

2.5

3

PC



6

122

3) 1979

40

N

4) 2) 3.0 m 5.0 m

11

1977 Ostermayer and Scheele5)

N 14

1977 9
Ostermayer and Scheele5) Wernick6)
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CL CM 1.0 m 2.0 m
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6 2

2 4

( 1 )

( 2 )
( 3 ) PC

( 4 )

( 1 )

10.0 m

2

10 10.0 m

1980
1) 1993 2)

2.0 m
5.0 m

10.0 m 5.0

10.0 m
5.0 m

2.0 m

2.0 m 2.5 5.0 m
5.0 m

10.0 m
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( 2 )

2.5

3.0
2.0 1.6

2.5 2.5

( 3 ) PC

CL CM 115 mm 135 
mm

PC

PC

PC

( 4 )

Ostermayer 
and Scheele5)
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6 3

3.0 m 10.0 m

2.0 m
1970

1980 10.0 m

60
10.0 m

10.0 m

PC

N 14 0.10 mm/kN CL CM
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0.02 mm/kN

7)

8)

24 N/mm2 18 N/mm2 9) 30 N/mm2

a

b
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PC

PC

PC PC PC

2
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1) 2 Vol.12 No.2 pp.21-23 1985

2)
28 pp.2093-2094 1993

3) Vol.27 No.2 pp.1-4 1979

4) 29
pp. 1787-1788 1994

5) Ostermayer, H. and Scbeele, F. F. : Research on ground anchors in non-cohesive soils, 

, , pp.92-97, 1977. 

6) Wernick, E. : Stresses and strains on the surface of anchors, 
, pp.113-119, 1977. 

7) ( ) pp.95-97 2012
8) ( ) p.70 2012

9) ( ) p.87 2018
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30

27

28 4 29 7
30 6 30 7

18
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20

8

30 28

30

50

2019 3


