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Geotechnical Aspects of Tunnel Design in Karst Topology
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Table 1. Composition of typical rock materials

Rock Type Grain Size (mm) Mineral Composition
. plagioclase (43%), quartz (51%), muscovite (5%), others
Granite < 1.0 mm
(1%6)
. partially replaced with dolomite, thin bands of quartz
Limestone < 0.1 mm . . .
and calcite, mostly calcite composition
Dolomite < 05 mm calcite replaced with dolomite, quartz, calcite vein,

mostly dolomite (10096)

Table 2. Mineralogical analyses of the representative rock types

Rock Type Ca0 (%) MgO (%) CO2 (%)
Limestone 47.35 2.45 50.20
Dolomite 30.16 20.50 49.34

Table 3. Summary of the engineering properties of intact specimens

..._| Compressive Youngs . , P-wave S-wave

?ocl; BUI(k /E)I?II%)Slty Strengtzh Msodulus \ Po}gﬁ)(r)l S Velocity Velocity
P & (kg/cm”) (x10° kg/cm®) (m/s) (m/s)
Granite 2.65 970 2.56 0.24 3,550 1,950
(14) {0.10} {714} {2.07} {0.09} {2,137} {968}
Limestone 274 1320 498 0.18 5,960 2,890
(24) {0.02} {558} {0.94} {0.04} {685} {226}
Dolomite 2.73 950 3.99 0.24 4,300 2,400
(67) {0.11} {478} {1.45} {0.05} {791} {464}

{ ) number of specimens, { } standard deviation



Table 4. Doline population over the entire alignment
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Fig. 2. Aerophoto view of heavily Fig. 3. Limestone cavern developed at the
populated doline along “Daerang” Daerang tunnel entrance stationl63K+150
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Fig. 4. Doline identified with an electrical Fig. 5. Radar image of doline at Darang
resistivity survey at Darang tunnel (163K+240) tunnel (163K+240)
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Table 6. Quantitative classification of a potential karst cave

A8t 2 (ppm) TEEA
Bd ol& AdF AFAFZ AR A
id o i Fole  [sele@coy| L arad RN | s
Ca 59~257
241289 e 10~51 F1~F4 X
11,24 BB | Vg 05~53 n/a
Ca 65 Thrust ©3& A F4 3
a -
dZEd A5t 113~148 gza3 97 F A *
Mg 12
F5~F10 4324 A
AFE G2 mX
HmEHy | weg wa w/a it A i A *
Ca 193~531
AgEY Wgo 120~ 157 A
FeH ¥ | Mg 219~267 wa n/a
ek (YH Ca 50.8 4] 3]9} band
dqeed 132
1999 | 499 band)| Mg 376 F12~Fl4 n/a O
AA1Ed W g9t n/a n/a A
Ca 47.7~53.4 THE @232 | AFAH 27
AA2EE | meq 118~162
$212 3 Mg 22.6~44.2 ak FojA A *
Ca 627 AA S AlF43 17)
AFAISE oo 125
#4138 H Mg 27~34 F15~F16 T A WA *
saed | mey | 200 139 724 Q4 n/a
Mg 33.8
Ca 645
dEEd wee 127~161 24 A%
¥ | Mg 200~419 v ‘j n/a

Legends: % 7bsAdel M4 %%/ O 7bed AT/ & 7168 Aoy ©F / X EAA &%

42 38 T2 #Ho| M sl22E A PR

B 9ud FAHLE JI22E QA veed & Je g 8o Karst Type o A

g+ Q=S FEL 67HANR FRAATG Fig. 7. ool BE w3 R PR TUdAE
22 AAROR AN B PEd 2H PEol UF FAG WS FT BR 555
gom [8], A% WEE the T EY dHolTh

FHo| RESE Fulol BE FHE2E YN WET AT St G 1§ BRI, 4
Ag A% 3P dolHE ATHES ARG HY AL NG TF LT A9YL 29



ste] B'd 4% 2D, ¥ 2D Tl YB YVEFE £, MY TE &4 A5HS B
wote] ANFF/ARNY AHA Btk £, AY BANARE ZAL A, AT o)==
BE BN 984 QA B89 & Ab ABAY ARARES Aot} 3340] P gurHe

Al st

e BFY FelAE HY AR D, % 1D T30l W
3 o, 43 FAME A5G 35 5o 9L AP W
J57] skl EHGAR 2D, ¥ 2D Pl hY AEZA £9 Fol PVEFE SYSHAT
B el d# AT A4E 32 2RGG ASAT 18 BRE AFZA FRolAe
RQD, 9%4%7%Ed o8 £, RMREFR, Q-Systemol <& 27

2 2YYA A% (ALY, SANSE)Y FRERLY FVVARNS B 4 &
& &, A2 e RMR 2 Q@ FuHoRE Ad/ndete 7d 53¢ 4R
o ovhA ez 33 BRE M BE hEA, h2aE ¥ (Fdd) B A

s
5 AZ A 3 AL n@ FF 24 AAEAG [6l

B

—

Karst . ] ) Karst . ) .
Schematic Configuration Schematic Configuration
Type T Pr— — P i s P Type
KT-1 KT-4
KT-2 KT-5
KT-3 KT-6
g 3 B3 3¢

Fig. 7. Classification of karst type with cave, joint, and sinkhole locations relative to the tunnel aixs

_10_



AzA Aol As S TFo EAsE NG TR Ao HFF s=22E
HA2 g, d2sgh B3, Hdo] B 2Y p5Aol He wegd Mg FHIE FE
B g

of 2AFR¢e KT-1 ~ KT-5 7} @48t Ro2 d4=Hqct. 2z} AAA xurzALe] $HA
S QAsn A|F Fo dasitn ddsEE FhdE A Aue ALY E J4d £ e
ZAIE A Agsld, 0 238 EYE HF 53L 29 QA A F dAHE & UEE 3

rak

el

a

1]

1. Tolmachev, V.V., 1999, Karst and engineering practice, Balkema, Rotterdam.

2. Reuter, F. and V.V. Tolmacev, 1990, Bauen und Bergbau in Senkungs- und Erdfallgebieten,
Akademie Verlag, Berlin.

3. Marinos, P.G., 2001, Tunnelling and mining in karstic terrane - an engineering challenge.

4. Redwine, J.C., 1993, Logan Martin dam deep grouting program Hydrogeologic framework in
folded and faulted Appalachian karst. Proc. of the fourth Multidisciplinary Conference on
sinkholes and the engineering and environmental impact of karst (Applied Karst Geology),
(Editor: Barry F. Beck), Panama City, Florida, 25-27 January, 243-254.

5. #FEZFA, 2000, AWRAL HuA - FRUF ZEEZ F£UAE ~ 7o A4 FA A7F
T).

6. AU AFAZAE, 2001, AREEAF BaA - T4 A ~ G933 5 J32 A24F3A%L

7. Webster’'s Third New International Dictionary, 1976, P.B. Gove (Editor in Chief).

. AU AAFAZ AL 2001, AAEY - FEH AH ~ EE 54 AE ddTAL

o]

- 11 -



