
Fi
rs

t r
es

ul
ts

 o
f c

on
ic

al
 b

or
eh

ol
e 

st
ra

in
 

ga
ug

e 
pr

ob
es

 a
pp

lic
at

io
n 

fo
r i

nd
uc

ed
 

ro
ck

 m
as

s 
st

re
ss

 c
ha

ng
es

 m
ea

su
re

m
en

t

L.
 S

ta
�,

 J
. K

ne
jz

lík
 &

  K
.S

ou
če

k
In

st
itu

te
 o

f G
eo

ni
cs

 o
f t

he
 A

S
C

R



S
tre

ss
 m

ea
su

re
m

en
tb

y 
H

F 
m

et
ho

d



M
ea

su
re

m
en

tp
rin

ci
pl

e
x

L
 -

L
O

N
G

IT
U

D
IA

L
  T

-T
R

A
N

V
E

R
SA

L
ST

R
A

IN
 G

A
U

G
E

A
cc

or
di

ng
(K

an
g

20
00

)*
:

¦
ε T

Φ
¦

¦
A

11
+A

12
co

s2
Φ

, A
11

-A
12

co
s2

Φ
, C

11
, D

11
si

nΦ
, D

11
co

sΦ
, 2

A
12

si
n2

Φ
¦

¦
ε L

Φ
¦

=
¦

A
21

+A
22

co
s2

Φ
, A

21
-A

22
co

s2
Φ

, C
21

, D
21

si
nΦ

, D
21

co
sΦ

, 2
A

22
si

n2
Φ

¦
.{

σ
}/

E 
¦

: 
¦

¦
: 

:
:  

¦
{σ

}
st

re
ss

 te
ns

or
 (a

s
{σ

x,
σ

y,
 ,σ

z,
 τ

yz
,τ

zx
,τ

xy
}T )

E
 �

Y
an

g�
s

m
od

ul
us

ε T
,ε

L
�

de
fo

rm
at

io
ns

on
th

e
co

ni
ca

lh
ea

d
su

rf
ac

e
Φ

 −
an

gl
e

of
co

rr
es

po
nd

in
g

te
ns

om
et

ri
c

ga
ug

e
A

nm
..D

kl
�

nu
m

er
ic

al
co

ef
fi

ci
en

ts

Th
e 

ca
lc

ul
at

io
n 

of
 s

tre
ss

 t
en

so
r 

its
el

f 
is

 p
er

fo
rm

ed
 b

y 
op

tim
iz

in
g 

of
 i

ts
 f

or
m

 b
y

m
in

im
al

 s
qu

ar
e 

m
et

ho
d 

of
 d

iff
er

en
ce

s 
of

 th
e 

m
ea

su
re

d 
an

d 
ca

lc
ul

at
ed

 d
ef

or
m

at
io

ns
.

( 
It 

is
 n

ec
es

sa
ry

 t
o 

ha
ve

 a
t 

le
as

t 
 6

 m
ea

su
re

d 
va

lu
es

 in
 in

de
pe

nd
en

d 
di

re
ct

io
ns

). 
F

or
 c

al
cu

la
tio

n 
of

  
σ

 i
t 

is
 n

ec
es

sa
ry

 t
o 

kn
ow

 t
he

 E
 a

nd
µ 

va
lu

es
, 

to
o .



D
ES

IG
N

:
�

D
ia

m
et

er
 o

f b
or

eh
ol

e 
76

 m
m

,
�

W
at

er
-p

ro
of

 d
es

ig
n,

�
Pr

ob
e 

is
 u

nb
al

an
ce

d 
12

-c
ha

nn
el

 e
le

ct
ro

ni
ca

lly
 m

ul
tip

le
xe

d
lin

ea
riz

ed
st

ra
in

  g
au

ge
  

qu
ar

te
r b

rid
ge

  c
on

ne
ct

ed
  t

o 
 th

e 
an

al
og

-d
ig

ita
l c

on
ve

rte
r w

ith
 h

ig
h 

lin
ea

rit
y 

an
d 

re
so

lu
tio

n.
�

Ba
la

nc
in

g 
an

d 
te

m
pe

ra
tu

re
 c

om
pe

ns
at

io
n 

of
 in

di
vi

du
al

 s
tra

in
 g

au
ge

s 
ar

e 
ex

ec
ut

ed
 

nu
m

er
ic

al
ly

w
ith

in
 d

at
a 

pr
oc

es
si

ng
. 



L
ab

or
at

or
y

lo
ad

in
g

te
st

 o
fs

tr
ai

n
ga

ug
e

pr
ob

e

-3
00

-2
00

-1
000

10
0

20
0

30
0

40
0

50
0

60
0

70
0

0
1

2
3

4
5

6
7

Lo
ad

in
g 

st
re

ss
 (M

P
a)

Deformation (µ Strain)

1l 1t 2l 2t 5l 5t

R
el

at
iv

e 
de

fo
rm

at
io

ns
 o

f s
el

ec
te

d 
st

ra
in

 g
au

ge
s

SC
H

E
M

A
  O

F 
E

X
PE

R
IM

E
N

T

Pr
ob

e 
is

 g
lu

ed
 u

p 
to

 th
e 

cu
be

 fo
rm

sp
ec

im
en

:
�d

im
en

si
on

 3
00

 m
m

,
�s

an
ds

to
ne

.



Lo
ca

lit
y

La
zy



Sp
ec

ia
l c

on
ic

al
 b

it 
fo

r p
re

pa
rin

g 
of

 b
or

eh
ol

e 
bo

tto
m

Sp
ec

ia
l c

on
ic

al
 b

it 
fo

r p
re

pa
rin

g 
of

 b
or

eh
ol

e 
bo

tto
m



Q
ua

lit
y 

ch
ec

k 
of

 
bo

re
ho

le
 b

ot
to

m



In
st

al
at

io
n

of
pr

ob
e 

 in
-s

itu

O
rie

nt
at

io
n 

eq
ui

pm
en

t



Te
st

in
g 

of
 c

re
ep

-e
ffe

ct
 o

f t
he

 p
ot

en
tia

l u
se

d 
gl

ue
s.

W
e 

te
st

ed
 t

hr
ee

 s
el

ec
te

d 
gl

ue
s 

us
ed

 f
or

 b
on

di
ng

 o
f 

th
e 

m
et

al
 

st
ra

in
 

ga
ug

es
 

(C
H

S
 

E
po

xy
 

12
00

, 
C

H
S

 E
po

xy
 5

31
, 

A
E

10
). 

Th
e 

st
ra

in
 g

au
ge

s 
ha

ve
 b

ee
n 

st
ic

k 
on

 s
ur

fa
ce

 o
f s

te
el

 c
yl

in
de

r 
sa

m
pl

e 
by

 th
es

e 
se

le
ct

ed
 g

lu
es

. 
A

fte
r a

cc
om

pl
is

he
d 

ha
rd

en
in

g 
of

 
th

em
 t

he
 c

yl
in

de
r 

sa
m

pl
e 

w
as

 
pl

ac
ed

 
in

 
rh

eo
lo

gi
ca

l 
pr

es
s,

 
lo

ad
ed

 
by

 
co

ns
ta

nt
 

po
w

er
 

in
du

ci
ng

 c
ca

 1
00

0
µS

tra
in

.

A
E

 1
0 

an
d 

C
H

S
 E

po
xy

 5
31

 m
an

ife
st

 g
oo

d 
st

ab
ilit

y 
fo

r t
hi

s 
pu

rp
os

e
in

 c
on

tra
st

 to
 

C
H

S
 E

po
xy

 1
20

0.
 I

n 
ad

di
tio

n 
E

po
xy

 5
31

 is
 p

os
si

bl
e 

to
 u

se
 s

uc
ce

ss
fu

lly
 in

 w
et

 
ro

ck
 t

oo
. 

O
n 

th
e 

ba
se

 o
f 

th
es

e 
ex

pe
rie

nc
es

 w
e 

w
ill

 o
rie

nt
 o

ur
 r

es
ea

rc
h 

ab
ou

t 
lo

ng
-te

rm
 b

eh
av

io
ur

 o
f g

lu
es

 o
n 

us
in

g 
of

 A
E

 1
0 

an
d 

C
H

S
 E

po
xy

 5
31

.



La
zy

(p
ro

be
2 6

)

-3
50

0

-3
00

0

-2
50

0

-2
00

0

-1
50

0

-1
00

0

-5
000

50
0

10
00

2-
VI

I.
21

-V
III.

10
-X

.
29

-X
I.

18
-I.

9-
III.

da
te

deformation (10
-6

 ) u

02040608010
0

12
0

14
0

16
0

18
0

distance to longwall (m)

T1
L1

T2
L2

T3
L3

T4
L4

T5
L5

T6
L6

lo
ng

w
al

l



La
zy

(p
ro

be
2 6

)

-2
00

0

-1
50

0

-1
00

0

-5
000

50
0

10
00

17
-X

.
1-

XI
.

16
-X

I.
1-

XI
I.

16
-X

II.
31

-X
II.

15
-I.

30
-I.

14
-II

.
1-

III.

da
te

deformation (10
-6

 u)

02040608010
0

12
0

14
0

16
0

18
0

distance to longwall (m)

T1
L1

T2
L2

T3
L3

T4
L4

T5
L5

T6
L6

lo
ng

w
al

l



La
zy

(p
ro

be
2 6

)

-1
60

0

-1
20

0

-8
00

-4
000

40
0

80
0

0
50

10
0

15
0

di
st

an
ce

 to
 lo

ng
wa

ll 
(m

)

deformation (10
-6
 u)

T1
L1

T2
L2

T3
L3

T4
L4

T5
L5

T6
L6



La
zy

(p
ro

be
1 9

)

-2
50

0

-2
00

0

-1
50

0

-1
00

0

-5
000

50
0

10
00 27

-V
II.

26
-V

III
.

25
-IX

.
25

-X
.

24
-X

I.
24

-X
II.

23
-I.

22
-II

.

da
te

deformation (10
-6

 u)

02040608010
0

12
0

14
0

16
0

18
0

distance to longwall (m)

T1
L1

T2
L2

T3
L3

T4
L4

T5
L5

T6
L6

 lo
ng

w
al

l



La
zy

(p
ro

be
1 9

)

-2
50

0

-2
00

0

-1
50

0

-1
00

0

-5
000

50
0

10
00

-1
0

0
10

20
30

40
50

60
70

80
90

10
0

11
0

12
0

13
0

14
0

15
0

16
0

17
0

di
st

an
ce

 to
 lo

ng
w

al
l (

m
)

deformation (10
-6

 ) u

T1
L1

T2
L2

T3
L3

T4
L4

T5
L5

T6
L6



La
zy

(p
ro

be
3 1

)

-2
50

0

-2
00

0

-1
50

0

-1
00

0

-5
000 30

-X
.

19
-X

I.
9-

XI
I.

29
-X

II.
18

-I.
7-

II.
27

-II
.

19
-II

I.

da
te

deformation (10
-6

 u)

10
0

12
0

14
0

16
0

18
0

20
0

22
0

24
0

26
0

28
0

distance to longwall (m)

T1
L1

T2
L2

T3
L3

T4
L4

T5
L5

T6
L6

lo
ng

wa
ll



C
O

N
C

L
U

SI
O

N
S

O
n 

th
e 

ba
se

 o
f t

he
 p

ri
nc

ip
le

s p
ub

lis
he

d 
by

 N
ak

am
ur

a 
et

 a
l. 

19
99

 a
nd

 K
an

g,
 

20
00

 w
as

 o
pe

ne
d 

re
se

ar
ch

 o
f t

he
 st

re
ss

 te
ns

or
 m

ea
su

re
m

en
t u

si
ng

 c
on

ic
al

 
st

ra
in

 g
au

ge
 p

ro
be

 in
 th

e 
In

st
itu

te
 o

f G
eo

ni
cs

 o
f t

he
 A

S
C

R
. 

O
bt

ai
ne

d 
re

su
lts

:  

�
W

ay
of

pr
ep

ar
in

g
of

bo
re

ho
le

 a
nd

pr
ob

e
in

st
al

at
io

n
w

er
e

ch
ec

ke
d

up
,

�
Pr

ot
ot

yp
es

of
st

ra
in

ga
ug

e
co

ni
ca

lp
ro

be
s

fo
r 

lo
ng

te
rm

 m
on

ito
ri

ng
 w

er
e 

 
de

si
gn

ed
.  

�
L

ab
or

at
or

y
w

as
ch

ec
ke

d
up

fe
at

ur
es

of
th

e
co

ni
ca

ls
tr

ai
n

ga
ug

e
pr

ob
e.

 
R

es
ul

ts
m

an
ife

st
 p

ro
pe

r 
w

ay
of

de
si

gn
.  

   

�T
he

po
ss

ib
ili

ty
of

us
e 

of
th

e
pr

ob
e

fo
r 

lo
ng

te
rm

 m
on

ito
ri

ng
 in

 si
tu

w
as

ch
ec

ke
d

at
ob

se
rv

at
io

n 
of

st
re

ss
 c

ha
ng

es
at

lo
ng

w
al

la
dv

an
ce

.



Th
an

k 
Yo

u 
fo

r y
ou

r a
tt

en
tio

n

st
as

@
ug

n.
ca

s.
cz


	First results of conical borehole strain gauge probes application for induced rock mass stress changes measurement
	Stress measurement by HF method
	Measurement principle
	
	Locality Lazy
	Quality check of borehole bottom
	Testing of creep-effect of the potential used glues.
	Lazy (probe 26)
	Lazy (probe 26)
	Lazy (probe 26)
	Lazy (probe 19)
	Lazy (probe 19)
	Lazy (probe 31)

