I2E=E R e A ] Ll e
A1548 ARE, 20059 44, pp. 87~101

TUNNEL & UNDERGROUND SPACE, Vol. 15, No. 2, 2005, pp. 87-101
Journal of Korean Society for Rock Mechanics

HXEATA U X[SIKEAAAIES] &t HS oIS

HM7|"* x=dz?

Evaluation of the Deformational Behavior of the Underground
Research Tunnel in KAERI

Sangki Kwon and Won-Jin Cho

LA B

AL o83l Sle AA A=oldE A= ¥
A7 E BT Az ARt STAEEtE
7] Yol AL ek j=e) A, 19974 ©)
T dAgAFLo e IS AR AT A
AZ A ALE a3 w3E $97) A8 e3%
I Qleh ARS AR ALEE NIs] AsiMe A
st A ool E2)d, Sek, oy, 44, 9y
4% olg AFol g WA, AITHHNMY T3t
A i gl ofike] Aol A oA Bl Aol
OAE 9 & Hefsior . olE A WA
T Aol AR XBRAEATLA4A(Under-
ground Research Tunnel, URT)-& 8} A& =7
@ 98 9T A¥e FAFoh

2003 sE7]olA] 20041 4 €7H2] URT FA|of o
3 ABAG2AL SAurEAL A7 EAF "AL £
T R B A A FHAER AFEEE ol
3 thRRt AJdol AAjHglen olF F%F URTS A
A7} ol Rt ASHAZATFAIE FA)o ohgt 2]d
ZAF Bils 24 5(2004a)0] off Hawglo
71 2dA e} e Y82 2T 5(2004b)°f 23]
gl o Bd el HAR[™E 160 m Zlo] 9]
57 250 m Lo|9] A FEFAM = AT
A", FUHABIAE, FATAE, =gAIE o BIPS
E= BHTVE o83 A 2 AP AAESN. ©]
2T Y AEE So 2HE o4 H kY] B2
Y71 5(2004a)] 2o B4, H =T A|5HAE
ArAlde] MEAR DAClAE 7% ZAN 9

Vg ats AT AR ATY
* WAIAZR} : kwonsk@kaeri.re.kr

A4 20059 39 139

AAF EY: 20054 49 1Y

87

AT BN i BAS o) §3F 33 o8ty
QU Shalo] AAE v GIek RIS 2UA, 2004).
FLAC3IDE ol o4 sholi £ B
o, Foljol 9%, 899 27) % 5 B4 5ol of
3 UgE BHS B A4 Ado] garseR o
AP Bd 5 YAk

2 ARolE RAZAE B Yol AE ol8
sfel Nalragel AL BHSHE ehikel WAL
9 oyt et 2 ohv 242 ARSCh URT
22 AT QA% EHS ARH] 98, &g 7}
X AYNES olgdtel AP W AYAY Ao}
QPIHEE ZutollA] Qo] AT B4 &3t HA
stelon SaE o B AR 3T T2 o
A e AN SHelelAE A)e] A Hslel
Bld Tz Qe A WS edel At 94,
AR g, YA Ek 2 23 G DA
ASARATALY 22 A IATE AEPO
22 URT 478 QPAh e Bastnat 519
oF. F4ol 2 271.32u) wsle] chet mYHe] FS,
HolAl 52004)] SJa) $48 vt ek & AT
£ ghite] o] T 27)33n) st} 8%
SUEE S5 gold AEXS vmEoRy nY
Yo 7Hg 2] D AARAL AEE FoluA

Eries

2. URTO| M2} BX)=A} T A7)

21 BX|ZA}

URT gJ7-80] B3 160 m Zoje] $23 9 o]
A4 Ed WFe R HTE 250 m Lole] HANFZo
A B5E g TolS o gstel AW ARe) 44
3k o8 B 4 W FPwe] SHo] 2AHg)
o B3 24 B4 7S Aok ot 2 B Al



88 LAAATL W AHARATILY N AT o3

dEo| Y=

(1) A8 - gute] BEAle A4S A3 AIEF
10 m 7222 double packerE A3t +UAES
AR SHHTE 52 D HAA A F 363]9] 4UA
He sl Az A 7ol wet 107~10°
m/sec Alole] FUAEEE 7HE AR e

() ZUAIBHAIE : Goodman Jack& AREBRo] Rt
oM HatrzAol tigt HIEAS FH] 3t
FUASA o] AAE ) $2F 15 m, 30 m, 60 m
F71olAel hite] HaASS 2RY 4 U9k ¥
A=t 2.59~8.48 GPa, B4 A4+ 6.15~12.1 GPa |
Slof) o] Mzo] wakd F7iske AFES BT

(3) NEZAGAE : F3E 77| FeAgs A4S
S8 AFATAFol AAEUTE FHATAY A
Foheo] HaE U RoRRe 24 16-89 kpa,
23.0~30.5° 2 HEAEQict

(4) BIPS : 221Fo)He] Belmol wapgolt W
o Aeflol| o)t ko] ojgted o] Raokt 5& Bt
7 utelstr] 998l BIPS(Borehole Image Processing
System)Z ©]-83+ Al53 A AAIE${th BIPSE
ol g3l el WA, Ha) 747, $AAE, AN #E
Aol ol srerdt = Uitk

(5) BHTV : BHTV(Borehole Televiewer)E ©]-2-3t
54% 2 AABINY 2ASW 2AbE AN
of We) wap, Ao Be AuAE, He B9
37, 447 =x4(Rock Strength Index)5-2 23T
4 qlgick

(6) 2T © ASHBATAIN F3lo] 23}
L 271892 siotel] S8 Sumhidel AN
ot} £tk & Impression PackerE& ©]-83F &<
Sapie] AFHYUTE 1% 50 mo155 m Aole] 9

Aok 77 Aol S ABE ANSHET

Ege] AA 9 A3o) FES T A ofel 4

Fig. 1. Geological condition along the URT access tunnel
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Table 1. Rock properties at the URT site
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Property Unit I:I)L;n::;r Min Max |Average Depth effect Testing Method
12 147 40.2 26.5 - Uniaxial compression
Young's modulus GPa -
3 6.15 8.6 12.1 - Goodman jack
Deformation modulus | GPa 3 2.59 8.48 5.04 En=0.1332Z+0.38* Goodman jack(KP-2 hole)
Poisson's ratio 12 0.1 0.33 0.23 - Uniaxial compression
Absorption % 12 0.11 2.79 0.61 -
Density kgm’ | 12 2510 2680 | 2623 -
12 10.88 124.6 71.3 - Uniaxial compression
ucs MPa
60 0 1323 | 61.65 | UCS=135.02-779.6/Z"° |Point load test(KP-1 hole)
Tensile strength | MPa 1 62 i S.=0.02832+5.8218 Brazilian test
7 5.5 114 8.1 Hydraulic fracturing
Fric;if"?ogi‘g]" 6 0 st | 49 - Triaxial test
Cohesion of rock MPa 6 9.7 254 17.6 - Triaxial test
Friction angle of soil 3 23 30.5 26.8 - Borehole shear test
Cohesion of soil KPa 3 1.57 8.72 4.83 - Borehole shear test
Vp m/sec 12 2710 5260 4453 -
Vs m/sec 12 1520 3720 3007 -
Dynamic Elastic | p |5 147 | 25 | 52 )
modulus
In situ stress ratio K 7 137 29 | 198 K =22.6072-0.5882 Hyd(’;‘;l_i; f;";‘:]te“;i“g
N 3 10 12 11 - Injection test
Hydra“mK;‘f'l’ducmty’ miscc | 22 | 7.64e-10 | 526-6 | 42607 | In(k)=-14.59-0.0172 | dra‘(‘;li}f_f’rgislz;e test
Fydrautic SRV misec | 15 | 109 |7.86e7 | 13667 | Ing=-192+79.981Z Hydra(‘g;_zprﬁfj:;e fest
RQD(KP-1) 252 m 0 100 64.5 | RQD = 94.984-280.3/7°%°
RQD(KP-2) 160 m 0 100 80.4 RQD =109.8-219.74/7°°
RMR(KP-1) 252 m 15 92 59 RMR = 17.211nZ-20.18
RMR(KP-2) 160 m 14 84 68 RMR = 19.47InZ-12.93
Q(KP-1) 252 m | 0.03 352 57 InQ = 1.68InZ-5.2
Q(KP-2) 160 m | 0.07 352 180 InQ = 2.23InZ-4.94
Peak Joint cohesion | MPa 1 0.84 0.84 0.84 - Joint shear test
Residual Joint cohesion| MPa 1 0.58 0.58 0.58 - Joint shear test
Peak friction angle 1 29.7 29.7 29.7 - Joint shear test
Residual friction angle 1 28.1 28.1 28.1 - Joint shear test

*Z: %3 974 Adm)

& oldes $8s| wysi] v ZaeEE 300

mm FAR2 EHEsHA

ey
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Table 2. Expected rock properties at the research module

Property Unit Value Property Unit Value
Young's modulus GPa 30.4 Deformation modulus GPa 8.48
Poisson's ratio 0.23 Dynamic Elastic modulus GPa 50
Absorption % 0.6 Stress ratio,K 135
Density kg/m’ 2600 RQD % 89.5

UCs MPa 85 RMR 76

Tensile strength MPa 12.9 Q 68
Friction angle of rock degree 50 Vp m/sec 4380
Cohesion of rock MPa 215 Vs m/sec 3050
Joint spacing cm 23.4 Peak Joint cohesion MPa 0.84
Joint aperture mm 11.72 Residual Joint cohesion MPa 0.58
Joint set number 3 Peak friction angle degree 29.7
Hydraulic conductivity m/sec 7.84¢-9 Residual friction angle degree 28.1
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Table 3. Equations for estimated rock mass modulus
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Method Equations References
E ,=(0.023RQD—~1.32)E RQD > 57%
E,=0.15E RQD < 57% Gardner(1987)
%ﬂ =0.03RQD—0.01 RQD < 60%
E Bieniawski(1978)
Em =0.0284RQD—1.754 RQD > 60%
RQD Em=O‘1423[E—(1_H}—'W£UgQ—D)] LIt +WD:weathering degree Kayabasi et al.(2003)
Lower bound: if” =().2 x 1Q 08RO 191
CEa. 0.0186RQD—1.91 Zhang & Einstein
Upper bound: = 1.8 %10 (2004)
Mean: i‘m = 10 MOIED=1.91
K _l 30+v)sky, +2F
79 A+ v)(A~2visk, +(1~V)E
G = L[ (BN =20)sky +(7-SVE) 2 ESks
Joint "0 ey (4v)(1-2)sky +(1-V)E | 52014 v)Sks +E Fossum(1985)
properties _ 9K,.XG, _ 3K,—2G,, . .
E = 3K+ G, V= 3Gk ,+ G where, K, is bulk modulus, Gn is shear
modulus, K, K, are joint stiffness
Em o 1
E - 1T1/(HJE) Kulhawy(1978)
E ,=2RMR—-100 for RMR >50 Bieniawski(1978)
_ Serafim & Pereira
= (RMR—10)/40 <
E..=10 for RMR <50 (1983)
- 2 _RMR 14 Nicholson &
E ,,= E[0.000028 RMR*+0.009exp( 2.8 )] Bieniawski(1990)
E =210g 4@ for Q >1 Grimstad & Barton
Rock mass (1993)
classification - _Oc 13
E = E0.5(1— cos(ZRUR )1 Asef et al.(2000)
D P GI-10
En={1=5) 155 *10 " for 6. <100MPa
GsI-10 Hoek et al.(2002)
D T
Em=(1——2—)><10 for g. > 100MPa

*EE S Ao s g2 wet0.0028, 0.9 23 itk RO EnEe WEE0]7] g o] & T v &2 Yrhl7]

93] 0.000028, 0.0095 At

HzAAL th ¢tiHoek et al., 2002). GSI-100
m, =mexpl——-—)
s 28-14D @
6, =0, +0, (s+m, =)’ s exp(3SIZ100,
: ~oP 93D 3)

o171A ko] Adejell met B == ms, s, a= GSI
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Fig. 2. Estimation of Em using RQD along the declined
borehole, KP-1

Table 4. Estimation of rock mass deformation modulus
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Deformation modulus{(Pa)

i FogSUIN's equation
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1 YR

0 50 100 150 200 250 300

Distance from the entrance (m}

Fig. 3. Variation of Em along the declined borehole

Range Method 30~82 m 82~125 m 125~177 m 177~192 m 192~252 m
Gardner RQD 4.0 11.7 22.7 4.0 13.6
Biewiaski RQD 35 10.9 24.5 2.7 13.3
Zang&Einstain RQD 2.1 8.6 18.5 1.4 9.8
Bieniawski &Serafim RMR 7.9 25.6 61.4 9.3 37.0
Nicholson & Bieniawski RMR 3.3 6.7 13.0 3.8 8.3
Asef etal RMR 11.5 18.4 24.1 12.7 20.5
Grimstad Q 18.9 40.6 49.2 17.7 37.9
Barton Q 12.1 29.0 40.6 15.8 30.1
Hoek GSI 33 12.0 37.1 6.1 19.8
average 74 18.2 324 8.2 21.1
Maximum 18.9 40.6 61.4 17.7 379
Minimum 2.1 6.7 13.0 1.4 8.3
* oM AYEs AA AFHER BE) A7 FEY ARE v
Table 5. Estimation of rock mass strength
Range Bieniawski Trueman Hoek-Brown
Cohesion(kPa) | Friction angle |Cohesion(MPa)| Friction angle | Cohesion(MPa) | Friction angle
30~82 m 200-300 25-35 25 28 1.7 35
82~125 m 300-400 35-45 5.8 36 4.2 40
125~177 m >400 >45 14.1 45 6.7 46
177~192 m 200-300 25-35 2.9 29 4.6 36
192~252 m 300-400 35-45 7.7 39 6.4 42
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Fig. 4. Estimation of rock mass strength using different
empirical equations

450l A=A

Oom= ac\ﬁxp(——RMRg_ 100,

Hoek & Brown(1988) (14)
o (165 RUE=100
Yudhbir & Bieniawski(1983) (15)

5 ou= 0 exp(RUE=100
Kalamaris & Bieniawski (1993) (16)
aa,,:acexp(ﬂ%ﬂ) Sheorey(1997)  (17)

0 on=0 cexp(-EME=100 y Ramamurthy(1986) (18)

18.75
5 :a[ RMR
o= %< RMR+6(100~ RMR)
Aydan & Dalgic (1998) 19
Oom=5 KQ%) 13Barton(2000) 20)

o714 Y= YREY BiES Uehdch 2 B4 o]
oto] 4% Auke] &A= WH3k= Fig. 49 Zdth
Ax] o) wE P AEA=E Table 19] Ao &
AATIE MBI 0|45} Bartono] F|QHsE Q 7t
< 0|83 HE o] RMR 3 o83 o2 BEAE
o} 4 =2 | 80 MPa 7HA] 9 ¢t UFHAEE o
Aeity. RMRE o] 8¢ AE4]9] %9 50 MPa 0|35}
AR ASA=E sk Bd dTolA 90 m 7HR|9}
120 m 7% 180 m “E7HollA 10 MPa ©|5}+9] ofal oF
EFEE st Stk

33 Jlet ot S&
- AR A}7KStand-up time)
Ed9] 52717} 6 m<l 49 URT ZF 371049 RMR



% AATA U ASARATALY et AT S

of w2 2|z AJ7HBieniawski, 1984)& YTLEE] AL
50 A7k 125~177 m Fo)AE 11doz =A%
Table 6°l4] 20| 30~80 m 7} 177~192 m 17¢
< F2 § HAo] 41&3] ojfoixjof & oA Rt 125~
177 m 7748} 192~252 m 7R A4 ARz o
1 A7) FEjolA 7S sl @ Aes o
Sk

- A8t
BT LY, PMPa)} QO] BAE thedt 2t
(Barton, 2002).

po L

L @n

7|4 J-2 joint roughness numberZ 2ju[gtch &
FRE bl A E= Bl ARYE ALt
218 Bhasint Grimstad(1996)-2 The 212 AAJ5HIck

=D g0 (b @2)

AH] J, ghol 2(smooth, undulating joint)2kal 7}
Z8kal URT ZF F3hol| 4] A BES Alibsto] Table
6o VERAITE 177~192 m 27t A HTf) 70 kPa<]
A HQto) Aejs AoR vehn A9 ¢Rto] vie
Lz 125~177 m 7oA 30 kPa WY€) 2] A|H.gfo]
29 Aoz dqitdch

- 32 87}H(Unsupported span)
Q BRHE olgel] Aug AASA I A4

Table 6. Rock mass characteristics in the ranges
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Q 2%

o714 Ede] 2 m T9jolH AL mm Hgjo|rh.
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Ranges
Parameters
30~82 m 82~125 m 125~177 m 177~192 m 192~252 m
Standup time 50 hours 80 days 11 years 100 hours 2 years
Barton 56 29 22 58 31
Load on support(kPa) -
Bhasin 67 35 26 70 37
U J ) Barton 32 7.1 9.8 3.1 6.5
nsupported span(m -
PP pan( Kaiser 2 4.5 10 24 59
Vp Barton 3.7 49 5.3 4.1 49
Chen 1.05 0.14 0.065 1.2 0.18
Displacement(mm)
Barton 1.96 0.21 0.1 1.9 0.34
H.Conductivity(107 m/sec)} Barton 0.57 0.04 0.015 0.25 0.04
PPV(cm/sec) Oh 0.23 0.28 0.3 0.22 0.28
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Table 60l4] 20| Bartono] R|oket Hhg o= Al
H ou 917k Chen & Guod] WRHETh o7k A7t
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Barton(2002)& E40] W B4 23 P
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AE 0|83t QollA Lugeon gh& 48k tha 42
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- Peak particle velocity
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7} o] PoIFTHLES, 1995).

V=0.0014 RQD +0.17 (cm/sec) 29
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Fig. 5. Variation of hydraulic conductivity along the declined
borehole
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Table 7. Rock mass properties used in FLAC3D

AFET4a i AFAEATFAE ot AT G

Parameters Range(m)
30-82 82-125 125-177 177-192 192-252

Interval(m) 52.9 42.6 51 15.2 60.1
Dip of the range 88 68-88 68-90 90 90
UCS(MPa) 30.8 58.4 71.6 71.6 82.7
En(GPa) 32 12.1 379 6.21 204
Bulk modulus(GPa) 2.13 8.07 253 4.14 13.6
Shear modulus(GPa) 1.28 4.84 15.16 2.48 8.16
Cohesion(MPa) 1.7 42 6.7 4.6 6.4
Friction angle 35 40 46 36 42
Tensile strength(MPa) 0.014 0.102 0.49 0.047 0.23

& a70000a+008
1 280DADE+01D

2 1300000000
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2 5300008010
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simulating the erosion effect
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Fig. 7. Variation of the stress ratio with depth after erosion
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(¢) Bulk modulus in FLAC3D

(b) Result from resistivity survey
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(d) Plastic zone before excavation from FLAC3D

Fig. 8. Plastic zone development before the excavation of URT
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Fig. 9. Modeling results after excavation
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This program is for 3D mesh generation with a
consideration

of actual topography for FLAC3D.

meshl.txt : original coordinates without
topography

topology txt: surface coordinates showing
topography

topology.out: file for updating the coordinates of
FLAC mesh to

show the actual topography

NX : Number of grids along X axis
NY : Number of grids along y axis
NZ : Number of grids along z axis
dz(i): unit interval of the grid along Z axis

bottom: z coordinate of the bottom line of the
original mesh
top: z coordinate of the top line of the original
mesh

dimension  x(5000),y(5000),2(5000),dz(5000)
real inter

open(4,file="mesh1 .dat")
open(5.file="topology.txt")
open(6,file="topology.out)
nx=49

ny=41

nz=11

nt=nx*ny

bottom=0.

top=100.

igp=nx*ny

inter=(top-bottom)/(nz-1)

write(6,10)

format('def mountain')

read coordinate of the surface topology
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