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In situ stress measurement at great depth
using an automatic probe
H.Kato*
ABSTRACT

Since 1996, Japan Nuclear Cycle Development Institute (JNC) has carried out
research on the development of methods and equipment for the triaxial in sifu stress
measuremenf. In the process of the research, the computerized probe has been devised
in order to determine in situ stresses in rock by overcoring at depths to 1000m in
water-filled boreholes. This report presents the designing of the equipment, which was
used to lower and to install the probe in a borehole. Actual field application of in situ
stress measurement in the northern NATM tunnel at Tono mine was performed with
the probe and the equipment. The measurements in a HQ borehole at depths of 13.5m,
18.2m and 19.4m have successfully been conducted. Finally, values of Young’s modulus
and Poisson’s ratio of the rock and the adhesive were obtained by cyclic compression
testing. The three-dimensional state of the stress in the rock has been calculated using

the elastic properties together with the measured strains.

This report has been drawn up by Dowa Engineering Co., Ltd. under contract with Japan Nuclear
Cycle Development [nstitute.

Agreement No.: 1306A00765

JNC Liaison: Ken Hasegawa, Geoscience Research Group, Tono Geoscience Center.

* : Dowa Engineering Co., Ltd., Geoscience Consulting Division.
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Axial stress , MPa

Axial stress , MPa
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1 0. SRFTHHAEIIRE O S

ZITR, SRETAREIN-ERUTASIU ST v L O FAMEEH S 3 RITHIRIG 1
WHERFHE ST 5. % 10.1 &, FPREHBEEMT 70/ S B AN T 500 7%
ERT Y HTHD, TIT, H#RBBEECBI 28ROV FEEH#2T vV R,
BECRT 12, BREELFOENHBF 2 oW TRD B o 724540 (£ 9.3)
DEHEEFH L7, SItAVOVY 7R ERE7y vy RHIZ, F94I0RELEHAE 2 HREE
DEEROFLHEEH W, FHZOER72E 217, #BE L TH S 24 BEE0ESEA 2RIz
HEEke LTRSS evnid, BEoBTBEMIR LA hEhyY L FREBETIHE
BHH, Lrl, INSOBUEEZSHNOGE LETARILROL I IIRBETH -7~
DT, ZITH2HAMBELIELBOBEERAOY  7EE 50%ITERL TETEE 25
ZriZlt, A7 vV Y ERERSIELDENIZS LY L,

#1021, A—R"—a7) 7z dl- TEARICHEE o — 7 TRIE 2 N =B
FTHDI B A== 7 ) FORBRMBIA—N—aF ) FHE» 54 40em iZEL
r EORRUTATHS, Thbb, D81, K82, 830 MK AalEmn
FRENTZH IOPHOBBUTAOFEETH S, RELLBEEESBTIE, A —1—27 )
VRO TRS - DREBUEL LA —N— T OBERED 1.5 5RE OERWIIAE A S BIST,
F—=N—a7 )y FOUBEL EERIIBROTRAEI TN TNEE LRV TREICNET S,
L7di= T, RICTERRBRO LS ICEFE SN S8 T ETHEES LTEH L, 2o,
F—=N—a7QEEN 63mm THEEE, A —1"—a7 ) v FOEEXN 400mm BEFT 5
E, ST NVEBRMEOETIZECBRINZ AT IR TELTHS D, Sl iz
RELT-xEOAHNR. FA Y EYFEy bAF—N—a7 ) Y FHED»S 1L.1lm O E =12
HaHrrEO, RRFAKEINCHEI N AUEF T -4 256 RD .

LLEDADF—5HhoAN7 74 MREEL, SAEARNERBN 7o /5 L 52# - T
B LEERERTE, £103205£F 105 0@V THS, =770, AD7 74 VORKD
FTHIZRA N7 ) FABEDOICHEFORBELAEIN TV E:EIHN DA, KE
WM7o /I A TRHERL TNV, 2610, BHATHLIESR - HEEAL L TRYH-
TWa, BITER*HBET L84, DLO2S2N%RT246ENHIEDIEDRE,



#= 10.

1 SRTURENIREEZSEATA2-DIZAVEY Yy FRBEFET v

B i =14 AR SI 4= 1*
HEBRE E; Vi Es vz Es Vs i %

(m) (GPa) (GPa) (GPa)
135 73| 010 22| 040 43( 040 EHFEBH B OFHLE
| 182 63| 017| 22| 040| 43| 040 HTH®H DE 0HEH
} 19.4 7.2 0.22 2.2 0.40 4.3 0.40 | SARBH F.G O EEHE

¥ Sl AoBEEEZ, HE 2 BMECESR OBERDELHEY

L7

*OEEADOY A RISIEANDE0NE L, AT vV HIESIEAEEL Y L,

#£10.2 HEHRARNET O —-7OE&F v+ Y 2N TRHEIN-RBEVTAHAB LU x o Hir
IO T H (% 1076) x B D5z

AREEEm) | Chi| Ch2| Ch3| Chd| Ch5| Ch6| Ch7| Ch8| (deg*
13.5 261 233 236 58 202 75 55 129 166
18.2 84 70 81 29 &9 60 3 41 -111
19.4 162| 150| 150 38 22 -70 85 32 40

FrHOASHEER-E, Bk SKREEIDEIELT S,




#103 AMENER SO 5 LTRAVEANT -9 BLUCHAT—¥

(B 13.6m I BT A IS ERRBER)

|
|

ABAT—¥% F—FDOHH

AHZF—#% |0.032,0.011,0.009 F—n—a7F, 84 0y k. ST EE@m)
7300,2200,4300 B EE, SIwlov s SRK(MPa)
0.1,0.4,0.4 B OEEE. SltLofT eV rE ()
261,233,236,58,202,75,55,129 BT &(ch1~8)

HhsF—¥ icovar= 0

Calculation has performed

Error Value= 0.1267E+01
\ Principal Stress{MPa)
t_lmax)  t_2(mid) t_3(min)

0.4406E+01 0.2516E+01 0.2122E+01

Directional Cosin(")

i Li m_i n_i
1 90. 100. 10.
2 90. 10. 80.
3 0. 90. 90.

Stress Components in x,v,z(MPa)
txx tyy tzz
0.2122E+01 0.2576E+01 0.4345E+01
txy tyz txz
-0.2101E-07 -0.3318E+00 0.2281E-07

for Schmidt net data
t_.1:N OF 10N
OE 79S

t 3:N89E 0S8

t 2N

EGRDORES

EELTRE




#104 FEIEHENR 7O 7S A THWEANF — v BLXUNHF—-%
(FEHE 18.2m = B A S I RHERER)

| AHF—5 | 75 omu
ANF—% |0.032,0.011,0.009 F =07, 28 gy b, ST A £E )
| 6.300,2200,4300 B mEE, Sl w0y s EMPa)
0.17,0.4,0.4 B OBER SIeroRT eV rHE (<)
84,70,81,29,89,60,3,41 MER U T % (ch1~8)
WiHasF—% !icovar= 0

Calculation has performed

Error Value= 0.1580E+01
Principal Stress(MPa)
t_1(max) t 2(mid)  t_3(min)

0.1660E+01 0.1023E+01 0.8650E+00

Directional Cosin(°}

1 i m, i n_i
1 90. 103. 13.
2 0. 90. 90.

3 90. 13. 77.

Stress Components in x,v.z(MPa)
txx tyy tzz
0.1023E+01 0.9042E+00 0.1620E+01
Xy tyz txz
0.2460E-08 -0.1721E+00 0.1560E-07

for Schmidt net data
t_1:N OE 12N
t_2:N8IE 08
t.3:N 0E 778

FIADKREE

FIEHTTE




#105 WHRHEFT TS S LATHWEANT -9 BLUHEIT—%
(BE 194m X B 2L IERABER)
AEBT—9 F— ¥ D
AJiF—% | 0.032,0.011,0.009 A—=3 7. 8 Ty ML SRR @)

7200,2200,4300
0.22,0.4,0.4
162,150,150,38,22,-70,85,32

B EEB. SItAoYv S EMPa)
2 EEB SltiofE7yvrl (2)
B9 F(ch1~8)

HO7F—9

icovar=-1

Calculation has normaly finished!
Exror Value= 0.1580E+00
Principal Stress(MPa)
t_l(max)  t_2(mid)
0.3243E+01 0.2315E+01 0.1989E+01

t_3(min)

Directional Cosin(")

i Li m_i n_i
1 92. 83. 8.
2 90. 173. 33.
3 2 90. 88

Stress Components in x,y,z(MPa)
txx tyy izz
0.1991E+01 0.2330E+01 0.3226E+01
txy tyz txz
-0.5222E-02 0.1184E+00 -0.4019E-01

for Schmidt net data
t1:N 1W 75
t 2°N OF 82N
t_ 3 N83E 08

FIEHDKREEX

EWEHAM




11. F&o
BB A 2 VI RBRE TR L ¥ — T, HEREME —Br L7, TR
HROIRTHHACHNEEOMBEE LRSEELDERL TH Y, 2N TIZERE 1000m
MIEDIEIIREE X 5 FEFER BT 20 TRAE 70 -7 2 BR LT,

AT, VA7 VEEIMRE L ZESERICES T AR AT Yo — 72 eI
BIZERL., AECTYETRE&RE - BYEL /. Kz, 9B HHE Yo -—-7 8
fELz7 o788 O LEB - *Ha b, HigmEYty ¥y —HBFLEA.,
E NATM SLEIZH#HI L7 HQ #— " > 7 LOEE 13.5m, 18.2m LU 19.4m 2 BWT
ERE#EMARABREER L, 70— 7ER - B LEBRBHEE0CEHL. HEE—
Dy ZHIZBI A -3 7V FREH L, REID, 8B LRFRBIZL - TYH
ERCEERONEREERETA 2L, A —-NR—aF ) v iz k- THIEL - 8%
T RS, MG % FHE L 72,
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