O3poO0oooooooooooboooOobooOODOo0Ol
goboooooozo0700000D00ODO 19

PS

1* 2 2 3 4 5
1 657-8501 11
2 657-8501 11
%) 657-0011 1-3-10
4 553-0003 5-1-7
> 542-0082 1-20-19

*E-mail:cadax@kobe-u.ac.jp

PS

Key Words : PS-anchor, nut, non-destructive stress measurement, magnetic anisotropy sensor

PS
)

40

PS

PS

1

-101 -



4 nutB-1

2cm 3cm 1.0
4 08
< 06 f —
g, 04 | +§
( ) ~ 02 P +‘51
00 ‘;:;K—z&i‘\\%;:;
( ) o 1 2 3 4 5 7
Position
-3 B 1
0.2v
0.23mm 0.2V 20MPa
©)
3.
17
€h)
6 4
47mm 45mm SS400
®
6
A B 2 -1 1 17 4
5x 7=35 6
Average
1.00
5x 7=35 090
1 0.80
: o070
' 2060 |
> gos0
11 0% |
020 |
010 |
@) 000 L oM Y L N
1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17
A B 1 Data
-2 -3
-4 17
S 5
nutA-1 12 16
10
038
s % o 17
g o4 3 0.11V
S0l R P s + 0.041V
0.0 ;jv__*fm R
T 2 3 4 5 57
-02
Position
-2 A 1

-102 -



550

-7 -6 5 -
4. (Left)
(Center) (Right)
1
PS L-C-R e 1-L
PS Tk
2-L
—2-C
x-2-R
- 3L
—~-3-C
+ 3-R
- —e- 4L
g —4-C
B st
-5 5 6 e
6x 5 30 S
PS 50tf iR
-1000  -800  -600  -400  -200 200
55tf 5tf Strain p
B5tf - 5
47mm -7
1 —
4OmmT ) 15mm
l kJ 15mm
B0tf (Left)
|1 12mm 12mm (Center) (Right) 6
O -8
0 -100
-5 100
50  L-C-R
@) 0
-6 - -100 L
(Top) (Center) -200 - .
(Bottom) 5 7300 i +2
£ -400 -
& -500 H 3
1T -600 /‘:\\Q !
T-c-B —1-C -700 = | ~5
1-B
60 r 2T -800
ton —2-C -150 -100 -50 0 50 100 150
50 AN ik o §:$ Position
Ao i —3C
40 A 1 . 3B -8 50t
. H 4-7
3530 H —4-C
K H e
20 3 vg_g 5 - 5
10 -~ 6T 1 2 5
—6-C
0 . . - 6-B
-2500 -2000 -1500 -1000  -500 0 500
Strain p 1 2 5
-6
-6
5.
1

-103 -



2
6 6x 2 12
60tf 5tf 60tf
Testl Average
- 3
2 60 -
3 ] . k 50 -
-9 -10 £ N 40 |
6 4 § ‘ \\\ 30 - ETestl—Ave
~ \\\ 20 L
10
-0.6 -04 -0.2 0 0.2
Voltage(V)
Testl Average -11
A 60
A I i ~Testl-1
g N S 46 PS PS
[ N\
3 \ " 30 - - Testl1-2
\\ \ 0 r Test1-3
-0.6 -04 -0.2 0 0.2
Voltage(V) -
-9 6 PS
Testl Average
< — Testl-1
K
S -=Test1-2
Testl-3
-800  -600 -400 -200 0 200 1) PS
Strain(u ) 2005.
-10 6 2)
No.805 /IV-67, 117-130,
3 2005.12.
3 -9 3

-11 -

STABILITY EVALUATION OF UNDERGROUND CAVERNS BY MEASURING
FORCE IN PSANCHORS BY USE OF MAGNETIC ANISOTROPY SENSOR

Shinichi AKUTAGAWA, Yuki ARIMURA, Emi NAKAMORI,
Shunsuke SAKURAI, Shuuji BABA and Satoshi MORI

Magnetic anisotropy sensor is used for nondestructive measurement of stresses of a nut which is part of
the head part of a PS anchor usually used for stabilizing rock mass in large scale underground caverns.
Since the stresses in the nut reflect the level of axial force in the anchor, the results of the stress
measurement can be used indirectly to estimate the current axial forces of PS anchors. By knowing
distribution or changes in PS anchor forces, one can establish a fundamental safety assessment routine for
large-scale underground caverns.
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