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Abstract

As the hydraulic fracturing technique for determination of in situ stress has the advantage
in no need of the elastic modulus of rock, it has been used not only in deep boreholes but also
at shallow underground sites. However, it has still a limitation in confidence of the measured
maximum principal stress.which is more important for rational design of underground construction.
Therefore, the authors have studied the possibility to measure the maximum principal stress
directly from the shut-in pressure data by making artificial longitudinal slots along the mini-
mum principal stress direction. This paper briefly describes the numerical analyses by boundary
element method and the laboratory tests using cubic specimens of mortar, which are presented al-
ready, and introduces the results of in situ measurements using a borehole slotting machine
which is the same type that Dr. Bock produced for stress determinat;on by stress relief method.
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Bo KERMICEYATAD y Mo o@BAGe Licg  Fie -l The borelole with slot(s).

. BREEHERZ. TORBOP s & LTEEAE X Po,Qo (Po>Qo) : principal stress
b THS. Eiﬁﬁﬁfﬁﬁﬁim
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LT E—F— 12X B354 TEVRTL—Fhvwd Table-1 The specifications of the borehole
—REMUIRT A=Ay & —%2RELK, Ta- slotter.

ble-1IZART R—)VADy I —DHETERT o Diameter x Length | 74 mm x 770 mm
2 " - “ & — D% S Blade diameter 72 mm
RELIKRT K=V 20y & —DFE T4 T HH Blade thickness -

K7 R—=NVBEFTOMTH S, RT7 K-V ZADyF—IZ Borehole diameter | 76 mm

: \ S , 2t Slotting depth (r) | 20 mm

EEINTOIMBEER Y 4 TOHFHEBAFICXD Mix. siotting depih | 7 w

FHZRE Uk, A0y ¥ —OERBICIWO i oh Pneumatic pressure | 4~5 kgf/cm?

TOBELILIRED . K7 R—)VZ2oy 5 —0DHF
EBRfTbNE, L X, =7V UF—DER
PricEZIN, FLOIKEN MY b= VR
v I AR OBESINE, TV—FAav sy —id.
Photo- 1 IKIRENB LI ICHEHRLTHE LT E—
Sk EEL. TT7TE-FR. FLOKREEO
fearvFrydroEans 7 —Ii & KD
43, TU— Kby y— 30T THETO B4 Photo-1 The borehole slotter.
Bowv K (Aly FW-TH3) ZEABEIBEZIEICEDTV—FAI vy —DWicH 3454 Koy RiC
B o THBRFMICBHT S, Aoy FOYHIER. SO0y ROEEICLVBH Lty FEICK->THIS
ZEMNTE S,

THIRX M ERT A= IVERRDLIEZ., 0.53BETHD . REZ TOWRRBICBOTEE LI XN
BZYHNRZERT R—IVERDI0. 8L D b/NENEEIE > T B,

4. RALERE ~===for double fracture 140 mL
K7 R—NVRDy & —ZROREMEBIER. BIRE —— loraloiing PM:
L DYLEDFRIISKFEREDART F—)b (FX13m) !
Z2HRBHILTEM Uic, COWMEDKE XX, WHI0m
BX SmTHY. VERADFEHE %EFig -2 IKRT o
ARG O—#hTE AR 3 #80MPa T B D LI D
FITHERLERTH S, Fig. - 2121, 2EKDKT K—)b
DMITH BEFICEB LT TN T F I F v —ikITk B
ISR LR U e R T R—IVOALE S HDETRT,
COLEOWEHRICL S E . BEINDALE T, RKAE
J57IPo=6. 85MPa R/NFEISSIQ0=5.25MPaTH Y . I RE
ISHDHFIE S FLAD» S FLEE R TREF A IC#45°
E#E LI ARTH -7, T %om
BALEHEL . ROFIETEBE U, £ KT h—
JVHRIKERT R—=)V 20y ¥ —%HEDMBEE THAL. Fig.-2 The structure of underground openings
TU—Fh v ¥ —2E/NEBHEMIZEDES, KRIZ and location of experimental site in a lime
TV—VFhysy—%kOEEdy, fLELZYHKTS, 7L— stone mine.
RA oy s —DRIFREICEE LUk, oy FEIRELT
TU—=FAy s —2MAMcBHIE, X0y PEEKRT S, B#TH. FAEEEFIRTIS SxdHm24Hs
B, MAMITADy FEGMIHE. AT PRy A—2MA L. BFEOKERRESEE L. EHEFROW
FasFd b, KEWMREERUKLEKIZ. AT NIy A—DEBELYICBED Ry h— (ZITR. 7
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5. HlELER

Table- 21Tk . YIRM & WEEMD KT K — )V THIE
LIHlEDRHRETRT, A0y MOME (EZH) L&
HORENE (WK BFig -3IKrTEBhTH S,
IITRAONrSHEFMERIEEDRT R—IVH
mERLTHS,

Table- 2 {2 T. YIBMOEEL dn, 5.5nTid .
A0y bERITIBEOKERRZET > TS, B
H2. 150020y MEIFMOATH B, F12. 3. 60D
EETRKERREZ2EERL T Y . Table i2i3
2O EOBHOHERIKINELTHS, MEERTIX.
LOSmDOEEICH TR ROy bERKERHFEIZ
PELT B, T/, BESWMTR. Aoy FERK
EB/PNERHABICHMTOEBI LT3,

Fig. - 3 OMFIICH T, BRIERE L T3,
ZORBNRT F—LHEFTIRES A>T (T4
bbb, RARTELL) FEOAMFNEEEL TH
T,

BAuBAEOERRIUTOLIICELEDEIENT
&5,

1) BOBETR. BANEEHFRIIZ oy b
X5 b 56T BRHERKEISHFRICRKL
LT3,

FEES.nTAoy FEROSARNRELTH
3, LU, 2HIHO#M TARIZ. FLELTER
KEBHFEIZER LT3 (Photo- 2 &)
3) MEHEENELLZIZO>N. ABTOAROR
HEHEE . KT RV LES (bbb
BRELD) LT ERBH S,

PsldK7R—Mic LD REY . YIHELTIZ2. 4
~3. IMPa, M EEE T34 2~4. AMPaTH - Fz (FL>
RBEDOT—5 %K) .

DI SEOHEOERANTH ZH/NER
HHABZZ oy PERY . AAMICAREREIES
EVIRABRIFNEEFT > TS, ZOBHD 1D
ELTR. MEMBEISCHPEP L THOERETHE
DOMAIICEIITED . FIEAEPZOHFANAEL
FBLTOEHEZEZOND, £l A0y POE

2)

4)

Table-2 The results of experiments at every

measured depth.
Site:the tunnel face side

D Pb Psb Ps %0s * fc

(m) | (MPa)| (MPa) | (MPa){ (deg.) (deg.)

0.9 10.3 7.0 4.6 | 106 273201

215 9.4 6.2 2.7 | 1T 30 217

3.6 10.6 5.7 3.2 | 94 282} 94 282
2.6

4.4 11 5.8 3.1 no slot } not longitudinal

5.5 8.7 4.8 2.4 | no slot | not longitudinal

6.5 5.7 5.1 2.6 [122 308 {not longitudinal
Site: the side wall

O oy | dimy | ity | Caos ) | M catsn

1.651 12.6 | 10.2 6.0 | 149 318 149

2.4 9.1 6.8 4.2 1 39 216 3

5.9 9.0 7.9 4.3 | 26 310 310

Depth
b Breakdown pressure
b Re-opening pressure
P s Shut-in pressure
@s Direction of cutting slot
@c Direction of crack initiation
¥t Second pressurization )
% Clockwise from the top of the horizontal borehole

the tunpel face side

1

Depth=0.9 Depth=2. 15 Depth=3. 6

Depth=4. 4 Depth=5.5 Depth=6.5
the side wall N

Depth=1. 6% Depth=2. 4 Depth=5.9

Fig. -3 The positions of slots with solid line
and the positions of the fractures with dotted
line.
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RELERDy MESERT A= VEEOL 0.84H  mme = &
BTERM /eI E b WBENRAD Y MERNSRE T e
FTAMEH DD - RATH B EMEINS, & o
DOYHIREREZELIDELTEIER, FEAVI LN
TVUV—=Fhyd—2RTHE—-IVHNIKHATSHETE. £
BEAEOATRANB S 48RS TV—Fhys (;) slots impressed bore hydraulic-fracturing
—IXDOWTHRFZLED B, S SIHIZ YN GE (F) 7 m—

AU x5 —Vxy b)) ZRHVIZROy MY XT
LENRT BLENDH Do

BES. mCBNT. 1EHDKEHRBRTEZAo Y b
NS BEPIFEAELTHEBOD. FALET2EE
DIKEW R AIcE Z APhoto-2IKRS6NB X I I
BANZ 0y MR (FLEE L) D SRKEISHHRIC
B UBERSER LTSI EXMRINI, 2D
EDS . BUNERHFENCRAE U BRI FHICE
DRIZZHDD., ©NT CERATH) RREISHA
FICEM# UooH#RETA I EEHNTHAD T, #HY)
2By MEEOHEREKRERRT — 5 DR 5HE
TH5,

A SEFDT—F D1/ 2EL /NI OFER
ERoTWVB . O I SEMTHKAREIC X D WELL . . .
BEEHORBEORECEML LTS DEELONS (¢) secondary fracture extension turning to Po
Ny THIZDOTER. FFROENTRAZLDTIN direction after second fracturing
UEER LIV,

Photo-2 Borehole impression at the position
of 3.6m depth from the tunnel face.
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