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Initial stress measurement in rock mass

at Muju pumped —storage power station

Han—Uk Lim

ABSTRACT

Natural stress measurements have been made at two sites at the depth of 280m from surface by

means of stress reliel overcoring methods using three directional deformation gage.

Atiempts have been made to determine the state of natural stress in the rock and provide useful

basic data to investigate the stress distribution and the determination of yield zone around powerhouse

cavern.

The magnitude and the direction of the maximum principal stress obstained from in-situ stress

measurements is -96. 1 kgf/em?, -96. 2 kgf/cm® and N38° W, N35° W respectively.

Vertical stresses are in approximately agreement with the theoretical value. The ratio of measured to

theoretical stresses are 85% at two sites. The ratio of average horizontal to vertical stresses (k=

(ah)nve/a\‘ is 1.07.
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Fig. 1 Plan view of overcoring test site
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Fig. 3 Positioning the 3-D gauge with the
placement rod through the 150mm

diameter core barrel and drill rod
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Table 1 Physical properties of rock

site :
. site 1 | site 2 |Average
items
Unit weight(gr/cm®) | 2.588 | 2.595 | 2.591
Specific weight 2.588 | 2.595 | 2.591
Porosity (%) 0.357 | 0.384 | 0.369

Wave velocity(m/sec) %y wy W
P wave / S wave 2790 3110 2950

Shore’s hardness 45—65{45—65|45—65

Uniaxial comp. 1.350 | 1.490 | 1.420
strength (kgf/cm?)

Tensile strength 100 90 95
(kgf/cm?)

Shear strength 200 210 205
(kgf/cm?)

Young's modulus 5493 | 5750 | 5621
(x10° kg f “cm?)

Possion’s ratio 0.197 | 0.214 | 0.207
Cohesion force 180 190 185
(kg f ~cm?)

Internal friction 48 51 50
angle(degree)

Thermal expansion 1.32 1.32 1.32
(x107%/7C)
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N HBR.HIN. 10.NSW
10H BER.AIN.DIA.PR.EM.Y.THE N

: Total No. of data cards

l HBR: Besring of new System

HIN: Inclinstion of new systes
PRINT INPUT DATA §& & MATRIY 1D Inforastion
: informa 5

NSW: The order for transformation

[omcx_tnversion oF maThix |

COIPUTE AVERAGE
RESe e oD 10H: Drill hole number

&z,0y,05 T2y, Tys T22 BER: Besring of the drill hole
] AIN: Inclination of the drill hole
DIA: Diameter of the drill hole

lCALCULATE PRECISION OF THE DATA : Poisson's ratio

SW.SUM.RSS.SWM, Y.IV

|

CALOULATE PRINCIPAL STRESSES Sy,
$7.5y THEIR DIRECTIONS AND
STANDARD DEVIATION

: Modulus of elasticity
: Diametral deformation

g3

: Angle of measurement

!

1F COORDT SYSTEMS
OF XYI AND NEW ONE
ARE EQUAL

SUU: Deformation sum of squarcs
DUM: lllclo.... -st(i°
RSS: Residual sum of squares

lno SUM: Multi, correlation cocfficient
X : Standard deviation of the
{raansrorm e cooror sysTer] fitted data N
IV : Standard deviation of ground
l stress component
PRINT THE NEW SYSTEM
AXIS. 2. T,

Fig. 5 Flowchart of computer program to

compute three dimensional stresses
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Table 2 The results of in-situ stress
measurements at site 1.

Items S1-1]81-2|S1-3 [S1~4 |Average
ke f fen?
ox | -67.7| -43.6 | -52.9 | -62.1 | -56.6
Average oy | -79.2 | -58.0 | -66.2 | -75.0 | -69.6
stress 73 -54.0 | -60.4 | -64.6 | -56.3 | -58.9
components XY 276 | 178 185 256 | 224
oz | 117 279 9.3 91| 145
T2x 123 | -140 ] -13.8 | 9.2 -123
kef/cur
1S [-107.0 | -97.0 | -89.0 { -99.0 | -96.1
Magni-
\ude S; | -50.0 | -36.0 | -56.3 | -52.9 | -49.0
Sy | -43.9] -29.0 | -384 | -41.5 | -40.0
Princi- degree
pal | Bear- o 140.2 | 149.0 { 1404 | 1416 | 1425
stress | ing o 17.7 1 100.7 | 173.0 | 169.6 | 156.!
ay, | 2385 2135 | 241.1 | 234.1 | 2354
degree
. A 724 | 130.7 | 1229 { 106.8 | 117.0
Inclina-
tion A 306 | 5231 375 189 277
5 658 | 63.3) 1060 984 956
Table 3 The results of in-situ stress
measurements at site 2.
Items S1-1]81-2|S1~3 | 51—4 |Average
kg f /et
ox | -694 | -459 | -47.2 | -59.8 [ -55.6
Average oy | -90.3 | -665| -61.1 | -85.8 | -75.9
stress o, | -6361 -53.3| -65.7 | -62.3| -61.3
components | rxy | 399 27.1| 17.1] 108 237
nw | 96 -89 -75| 92| -88
= | 14| 95 81| -87 9.5
kg f /omt
Magni- Sy |-124.8 | -89.4 | -81.0 | -94.1{ -96.2
tude S, | -60.7| -49.2 | -58.0 | -62.0| -57.3
S; | -378| -27.1 -35.0 ] -518 | -39.3
.. degree
P';Zlc " Beap, | @ | 1418 1445 | 1037 | 1573 | 1454
stress | ing a, | 353.2 | 345.1 | 334.8 | 224.2 | 352.6
a; | 2337 ] 236.9 | 237.6 | 263.3 | 2389
degree
Inclina- B 765 | 707} 5381 1105} 70.0
tion B 1571 205| 368 436 222
B 82.1| 833 847} 1265| 807
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a8y I weHd(T-1, T-2)d
e gelF+zE N 33°E/34°NWol 1, FH4z]
& N 8°E/72°SE, N 15°E/76°SE 2@ N 33°E
/34°NWe] 3xmely HA ol& FAdA F
g FEYe EAHME &4& 51°/04°, 1507/
70° 9 320° /24° o| t}.
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4.2 JEM AtOl2| A

WELY ke BEARsol 7ILn® HFRES K
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2 wEOOn Fie RRE Qi
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BEHEMe A4 AXZTFL gE Akt
2l olm 2 kel T WS AT Aoz
HeE € o}

oy olE MPS KIS B Fx8H
P AYel FEAE, TEEEY SHiE T
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ToE op7A HFAA kel & A A
%1 A WiFelth ek olo g #HKFE
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Table 4 Magnitude of vertical

stress at Muju

Site ) )
Site 1 Site 2
Items
Depth 280 280
Measured stress(a) -58.9 -61.3
Calculated stress (b) -72.3 -72.5
(ov=rh kg f /cem?) | (r=2.588) | (r=2.595)
a/b(%) 81.5 84.6

Table 404 et o] AZ-FH WilfEe it
Wow 9 ghol vty &% 81.5% % 84.6
%2 WAAo R FiyfE 2ok L AL g
< Bolx Uth

W BA oE HuRdlMe ek 86.4%—
117.7%°l% RX4)E TET o vlzy 22
€ Uetd = oy ol i+ HERA #F
ol £8 BiEd Aol vIdste Ho=E #
LIRGR=

BAo HEE W ddAs 9
= 57 AclA RIES R 113.7-1565% %

Boli Qlth



#H BEAsOIA AES ote ddgel W

st 294 thedez R

0,=0.233Z+13.6(kg { ,/cm?) : &= 4)
Z=Ax2RE9 Zol(m)

=

0;=0.027 Z(MPa)

07=0.266 Z+19(kg f cm?)

0,=0.02 Z+2.44 : Worotnichi 2] (6)

]Brown 2l (5)

gg b
go b, A4gE ME £ F
o] kA (anisotropy) ol thated #atsl7lE &t

Table 5 Magnitude of Horizontal Stresse

Hor. stress  |Ave. Hor. Stress Dif Excess

iffer- | yos
(measured) (kg f /cm?) Horizontal

Site Depth ence | Stress

0. | 0, | la |measur-calculat- (per

(m) (a-b)

ed(a) | ed(b) 100m)
1 | 280 |-56.6/-69.6/1.23 | -63.1 | -17.7 | -454 | -16.2

2 | 280 1-56.6|-75.9/1.37 | -65.8 | -19.7 | -46.1 | -165 |

J

1) Average horizontal stress (measured)

=1/2(o.+ay)
2) Calculated horizontal stress : o, = li S0z
3) Ia (Horizontal stress anisotropy) : Ih may
h min
(on)ave = 0.183 Z+27.8 (kgl/cm®) (7

wata] 2FPAE Z=280mE 9 2d g
3l 1 e -78.95em f /em?V} E| A9 HF
3 &2 X -63.4kgf Sem’olm® TRE MR
of Hl3lad H2 & HYE ¥ 4+ Urh

¥ Bl M el FE45 e Mm-S
otzf o} #rt.

El'da x|el3zF 225

Haimson

(on) e = 0.02 Z+4.90(MPa) 1@
(1MPa=10.1972 kgf/cm?)

Herget

(on)ave = 0.407 Z+83(kgf/cm?) ()]

Hast

(on)ee = 0.05 Z+9.32(MPa) : (10

g A AATE LY (o)) A
B8 (om) Thel M(la)ie 1% JERAE
o 3o H%E laxs 1.23 ® 1379 ER
e RS 1.17-221HYE Holx S}

Ranallioll olsl®d A= 1220molUol A §iE
& &Eel @ 5671 KHE HHE BR 24
X2} 65.8%7F 1.17—2.212] ¥l 1 2.21
o4& 263%™ HI 407HAE FEHE
sl olo] Hl3o] ¥ W F

A
W EAAYE gHe ool ®umH 2
A

_Y._J‘

B SHo)d MES F+HEHN g4
o2 EEd 41 L2H(lithostatic stress)}e]
A n-gde] FHEEES
H 53l Kigo] xich =,

o) g wated ol:

(oy) excess = a,(meas) — a,(theor)

Z—(a) D

=o,(meas) — i

FEMR] NI Yo FESE olF2
ZHBTo| s, #fh B HKe & B
o] ZAw{, =) z+87 (tectonic environment)
o8 A }RsHN JZ (A4 gYe FHEo
2 B S£YUYgo s EHE &8 FHH
7l 1 Ro g AT Uth

uwela FH RENRS dE 100mT %
$3gdeo Av|7} 16.2—16528 &4H(13.2
—9.9)e] M@ RciE 2T AFH(25.0)4¢
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kg 9 Azt gh(29.1 or 39.7)
Bk Hoh #s Bk Fede H83AR
o] 117.0° E& 70.0°2 A9 +HA & W
Y o AR Fo] ol=AHE o|RFHYHILD Ao
2 HEY & Ut

423 ARG g FHFH vl
Hago] gG3Hoz wAAEE JdAGH
W +3gde H(k)e Tokduld we} o
2T —fFmed 1/3-1/20] @k a8y
AAze BHve Qed BRAAMY BlERH
2 7 odE dAlE 0.90-1.4290 w| e F
Zo] 24 xE Table 63} Zol ¥ FH BF
1.072 #gny 22 g& vl

HEe dEdE EW IFE, hudh, EE,
2zktiunjol, dolze|stFsta Folrlel &
Fol kA M 12070 gk 54%7F 1(k(20]
I, k)2& 22%o0|n] k(1& 24%0] E3&rh

ZZol N Fiy 1.5, olefzl ¥ A=A
e d48gdnr arAy 2, Aot e
0.42-1.50-¢ ElHTEH

Table 6 The Relations between K(on.e/ov)

and Depth
| Depth | Ave. horizontal | Vertical stress
Site K{0have/0v)
(m) | stress(kg f /an®) | (kg f /en®)
1 280 -63.1 -58.9 1.07
2 280 -65.8 -61.3 1.07 |

Table 7 The Relations between Stress

Components

Principal stress | Measured  |Calculated |z, (meas)
Site Max. shearing | Max. shear

Si | S| Sy {Si/Ss|Siness(kg  /ear) | Stress /St

1 |-96.1/-49.0|-40.0(2.40 224 28.1 23.3(%)

2 1-96.2|-57.3}-39.3 2.45 23.7 285 24.6(%)

S, S, S;: Maximum, Intermediate and

Minimum Principal stress
S—S;
2

Calculated max shear stress : Tmax =
F 3o Ao elstd FE-(5/S)el Hl
£% 240 R 24584 A2 —¥de @R
Holx Urtl

o, BA flilke] 2SS 27k 2.1-3.95
olm #Eel HlE
1.3—-3.4, £B 585 A 1.2—-2.6, Eot
ZE|gtgstTZA M 2440, FFo HIAAE
2.97, olejg] 25—65 Folrh LI MEF A
SHSENES BAET BAMNSE AT B
KRt Hom JFix FgHo g vz} 23
3-246%24 BEA & Hogkel k(323
%)Rts ozt AL g ®BAth

go rir

E ™ Fennoscandinavianol} A

5. ¥ iR

T3 FrRER EHe 2 AU KRl
EiHE g utel olE WFTF WEHE
A3t LEMS HEItsted T KBE @
7] fsled A EE FE A=rt 280mE= BE
i FEY SR 27 kelA 27IEEE ME
3k, QoA dojA NX core® F A3t 3
hEmERSE 5 11714 F59 it R A3
712 it KEge ok 271$E &4
2 F7AYWEE HMAMOE WMEY & Ae 3
5 F7 MY = A (three diametral borehole

deformation gauge) & B3P ed Aol F

ok
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1 24F0 EES NXEIA dola A

AlHol| thate] B{/ER, HE, F324, &
ATEEE, 2oAE, 1543, WMRE
Fopgu], ¢EJIA, EHEFHAGW, 3FHUEF,
72 23 # BEEYN & Ttk
CBRER OSW stEY 2H 1 2 &3 24
fEAsh= BAFEEY 27 &4 -96.
1 % -96.2kg f Sem’elty 1 fEBHES %
% 1425°(N 38°W) 2 1454°(N 35°W) =
Ao —g ¥k

CHURHES] ABERKR TEEF sl
el delde FES ME thEch $53)
ZFAHA SRl e g2 E N 33E/
34°NWeln], He]F& N86°E/72°SE, N
15°E/76°SE % N 33°E/34°NWe] 3ubdko]
o olE FHStH T FgH HE
%% 55°/144°, 150° /70° 2 340° /24° o] th
utebA ol & HEHES BAFSH E
ArHmse] #Ae WEHESH WRE
Mg slojol S S T8 5 U A
ol c}.

2 29 WEKR dstd Ao F:S
de] wgko] AR 142° 146° 0|22 A
g Sfes T o0 B A
—H#e & & Atk
L2F 1 2 2 204 FAEEH G =2
J1e &% -589 % -613kgf ecm’C 22X
oSS gt oz FHHET HEREe
85% W2 o7t A& ghg YERATH
LA g #HgEY vl(k)E &F
A1 Y A 24 B3 1.07c24 =
el thExgel x| vstdE 23k
< vEpdT
c2AE 293 3889 v (la= o/

Swmins horizontal stress anisotrophy)+ 1.23
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% 13724 o& i Wl o gl
A2 Holn S¥e ool FE3FA
%L Holrh
7. BIES YN B HoR HEY &
BEae] #RE HY5H -89 (excess hor-
izontal stress) o] 23tnl =] z-3-¥ (tectonic
stress) o] FES 1 27| B Ak
oz FAEYch ¥ ME AP 2 gl
16.2—16.5kg f /em?/100mo.8& &2 ¥o]
B olZ o] Ro] Kol AZgFol BA ot
2 MmEte ERA 2R HE
grh
8. B/AFgdo] Uy BAFEH H(S/S
JE £%& 240 % 24508 BAAGEY
G BAF S (tna(measured)/S) e} 23.
3, 246%% HE& ¥ o, o] mmS I&H
o2 Hn) KEREN Fo4 Aoz
Atg g ch
9. BB TT ¥ 2 BE smdA BAE
FZA9] W, d¥d NFEE F g
&&At 4F v A% ggol o iE
ol HEHmor A mmss A, ¥
8] overcoring £% u9zto] N312° g+
#3% 3 #43oME Bk =F 3&HH A
o ARUgow HYo Zolrt TdH(dis
cing) ¥l B MBS AVIEG A, 0%
o] HdlFg¥el ERAMO] N144°(ole
N324* @ —30< HE5e ¢ W Al
T 2 ABEA o] wgol usixe AEE
F-9]7h ERE
ety 27| $HEFN olE EWZ I RE
Pt #5 ROl IFEATI FHEMT R 22§
o] FHpiol EETh
& FTEE Y & [Y BERA &8 &
@2l A A7l= 238 ¥ (induced stress) &
kel MUARES AFST o] HRMEE WA
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FEfrol ol ¥t &3] R S @9} hEE, HEdE
o BEF R WMol feedbackAl7]7] 98t =
2% A SAFe] WEUS BEN 9
¥l 9o =2 %M AZ(monitoring) & BN
BATE A& M

AbAL
F HEE Bfstcd HypiE RREHL
ite] 2%7] A3 BAHY aeln "o
AP () el &&F clAE3 WA AsE
A REHE =¥h
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