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Excavation Support Design and Stability Analysis of Shallow Tunnel in Heavily
Fractured Rock Mass
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SYNOPSIS : In excavation of tunnels especially located in shallow depth, it is not rare to meet
geological change in excavation progress worse than expected in the initial design stage. This paper
present a case study on the re-design of excavation and support system of a shallow tunnel under
construction where it meets the unexpected bad geological condition during excavation. The detailed
geological investigation shows that the rock mass is heavily weathered and fractured with RMR
value less than 20. Considering this geological condition, the design concept is focused on the
reinforcement of the ground preceding the excavation of tunnel. Two design patterns, LW-grouting
& forepoling with pilot tunnelling method and the steel pipe reinforced grouting method, are
suggested. Numerical analysis by FLAC shows that these two patterns give the tunnel and roof
ground stable in excavation process while the original design causes severe failure zone around the
tunnel and floor heaving. In point of the mechanical stability and the degree of construction, the
steel pipe reinforced grouting technique proved to be good for the reinforcement of heavily fractured
rock mass in tunnelling. This assessment and design process would be a guide in the construction
of tunnels in heavily weathered and fractured rock mass situation.

Key words : Ground reinforcement, Excavation support design, Pre-grouting, Steel pipe reinforced
grouting, Stability analysis
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oo ANF2RA 5 B3 42 AdHle gstd Fx AAANG dAEHAD ARG
E%e Aoz vehgdt @& AA e pre-grouting ¥ fore-poling 3H -2 X ¥ E|
7t BEY oldeg diasted MdAY Aoz A FHAH oS EFF FAXANAE ARFE Ay
2R &7l =22 Fd, ol EF Z3 AlF FAHANA A4 v Ao

wetAd, 2L BHY 23 2 AR AA 49 HE oA, ) AYstd HE A& 53] iy
o] Ak Zztate wgte] 24E FuA NG 2 23 WYoRE gx 2 Y 2% dAS v
TE 93 pilot tunnel 3 SAE Frste WS e
Ll

] cul

oo eHE ML ZF B Wdoz T x| ¢t AAEAL F, SHDAE AEsI H
gdo] AR vidde] dis) pilot H HA FFsl1 dwrg LW-grouting# fore-poling .2 R 7 &=
et 2 A9 3 dANA HikE o“dr o grouting2 2 E7}8tE wetolth 92 AAG € A2
& BAAAIGY A =dHL 19 29 2
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3.1 Ex Mot

o FTATA : 20A ZF (FF wdd" 23 - 3§ idd 23
e X ¥tW 7} : Pre-grouting (PJJ%‘@, =3m, ¢=46.5mm, L=8m, CTC=5m)
(3 dd 4F4 HH=180°, 7¥)
Fore-poling (279 9=1.2m, ¢=25mm, L=4m, CTC=2.4m)
(dad A4 ¥9=108°, 318)
FAA - By (Cement milk, ¥ AYFY L HF hole AL)
e Bl dX| ¥ : Shotcrete (12}=50mm, 23}=100mm, 3%}=100mm)
Steel arch (H-150x150x7x10mm, CTC=0.8m)
Rock bolt (D25, L=5m, CTC=0.8m, Bl &3 4F4 3270)
e gtold  : T=40cm
oAV Y : HXA3A 3.

3.2 HZ M-I

e ZATA : 324 Z% (pilot tunnel F3 — ¥ dtdd 3 - 7 QigH FI
o X8ty 7} : LW-grouting (8.7 9=5m, ¢$=100mm, L=9.2m, CTC=1.0m)
(Bdea 34 W9=180°, 2038)
Fore-poling (278 9=1.2m, ¢=25mm, L=4m, CTC=2.0m)
(Hd a9 454 H9=180°, 41%)
FdA4 - Y (Water glass + Cement milk, & hole &)
e E]'d A 1 : Shotcrete (1x}=50mm, 2X}=100mm, 3x}=100mm)
Steel arch (H-150x150x7x10mm, CTC=0.8m)
Rock bolt (D25, L=5m, CTC=0.8m, Bl 9 AF4 3271)
e &}olyd  : T=40cm
e AWE : HAF
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Stael pipe grouting Reinforced
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(@) & AL (b) B7AdAL-1 (c) BAAAAL-II

a9 2. 83 23 - 27 dA¢e va
3.3 RZdAe-

e ZAGA 204 & (AR vdd & - IR wud =3
e XJut K 7} : Steel pipe reinforced grouting
(B.7}4 9=5m, ¢$=125mm, L=16m, CTC=8.0m)
(Hddd 4574 ¥9=180°, 413¥)
FAA - 9y (Water glass + Cement milk, PackerE ©]43% I% )
e E}'d x| ¥ : Shotcrete (1x=50mm, 2X}=100mm, 3%=100mm)
Steel arch (H-150x150x7x10mm, CTC=0.8m)
Rock bolt (D25, L=5m, CTC=0.8m, Bl @991 454 3271)
elolyd : T=40cm
ey : AXF
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o FEAFHL o 80m AER AAFHOE HIAEZA FsY B A9 dAdr £X32 e
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A 2 HYE dd s 4 dHeE HdAEA
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th EALZS AL TFAYANIXNN)E T 3002 ZAEJEH, olE o)f3ld 78 &+ Y& Wit
Zzteoly B Al 5L Dunham % Schmertmane AAAELZRE Tt oj9fe] EAL FAL
A87 5 BAZR 71EY A5 2 7SES Fudto Il A9 #ES ALAT

GutZ ] ANAFE 4 AWAE 2 girgstRtsd 9% RMRE o83t A& F71 Al F
A oA 4 Zojw HH7t At AUEARAFH EVtsstn dA AY FAgFAA 13 AE 7
T ZE A& F Y BEAC. wEA, BY FA N F i AvAF JHARE o] AUAFEE
o} ANFFHAzd Jel g e d¥bdE 7SS 722 RMRY HHYE 10 WYz dAsta,
Bieniawski @ Serafim & Pereira 5o} 9§ 9& 4 A4, Truman ¥ Hoek & Brown T 9%
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A AABe AFFE A

#al hdAQ ZHoN HEE R4Hoz A T =
1 Zo AMALE Fu B,

Aol Brbedta 712 Arx 7] HEA HoM ZAE B
1729 #iFste FES &3 ol FoziY dojd FAME A

@ o

E 1. 4ol A€ A FAE EH AR

=4 T2 i , -
. EAE et 2 AR A He g2
=6

g F % (kg/m?) 1,900 2,400 2,600

A& WA (MPa) 3.53% 10" 3.17x10° 6.23%x10°
DA S (MPa) 1.35%x10 2.34 % 10° 467%10°3
WHoldz  (degree) 30 35 40
AR = (MPa) 0 0.05 0.1
BB (MPa) 0 0.002 0.004

4.2 SN 3o Him HE
421 2N oin| o6

T AASY AS, 27 g8 GAZA HeE A fore-poling A G A (Eld F9 o 2m B9
pre-grouting RZFH(HE F9 < 3m M)A &8 ojdd € o Feo] L4499 YeEiY L =
HEAQ QAN E FAFHAHIE 3 FR). F, 22 A4 TH R ATEYRE AW »F a2
A gow AWl AAFAE Frsted gl A AoE FuEh HAEAL-1Y B FFH)
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4.2.2 L{3H WUE

Hd vyl A3 WM F heavingF e RU(E 2 FX), Y¥EHE TstA 2 FRAA A
ZZU4E F 20cm ol LSt golyd Mz Folk 2cm BT F7F WYUt ASHYY. 28
vletRol A AAH o2 1FH JFo] FA Sy Rez vEE e T 2373 A A
ZZY¢E F vlgH 9 heaving 3cm W E DX AALY ¢ 16% FFoE FoEYUR oy
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4.4.3 Rock bolt 81 22X

HyY Z3o] gsd Ao 8 Hut 2 S8Fo] A rock bolto] &3 3L, 32 AA
Stol = H 20 ton2 YEMTH olE rock bolte] Aoyt groutd] wel thExnt EAMAQ)
bolte] 81§ ALHQ o 10~15 tonT H BT o Hd FAE doME FFolvh wetA, o] 4 A
2 2 1 HY FHNM FHHOZ rock bolte] BZ Ex/F LA Fe A9 LAY F7 Ao

BEA(-T @ BZFAAL-119] 39, rock bolte] HAth <A 2L 742} 12 ton L 0.7 ton2 A
5% olWZ ZA3der. &, 2wk B 7}o) wE} rock boltd) MW A2 AHAE AAL & F7F Y
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Az%o;g:(cm 2~ o 2k cm
o » ERAYSE: T THHEAF ) FAEAF (em)
1.500E+0% <re 1.500E401 _—
100681 <y 1500801 s L QELE | gl R | xarn | o R
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o uniaxial tension failure
# general tension failure

F&x AAQ | -1.04 | 065 | -1.18 | 2234

- HZAEAR-T| -089 | 044 | -090 | 327

BAAAQJ-II| -066 | 044 -060 | 3.39
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HE A% g4 Avkdly Bd 2% - 27 IHY AA FrE 93 P8 B A dFE F3hd
dojA Fo Ade g 2l

ZA g 292 O0HY 2R Auke AF:zA 2 A MYy An, D2 AAA AR
A3t FsYE 2 A9 FAdst Hd AR FHe HA EEIE AoE F$AHULeH, od mg
22 AAHQ pre-grouting 2 fore-poling PO EE XA L olFo o AAAELE R
ol Aoz HrtEATH

ol ute}, 53] HAH7} A3 o] FHe] GAEAR S sty B 3 Wyoly BHY AR AA B
W obEl FF o)A dAclM Y AWk 3 EWA) 2FWE Fo] AL FF - BG s FAEIFATH
Z, 0 2227 AAEAN, SFGAE AEso B AR wtddd i3y pilot BlES WA =#3}
3 A¥hE LW-grouting® fore-poling22 B7Z3sE 3¢ 2 A 22 dAA duwkg Zada
grouting2. 2 B 73 WetE AAIEA G

BaetgAds Aol sy, 33 AL A HE AN A HY HAwtyE L ulgRoi A9
71 WA EX3n vtdR M E H3 heaving Aol UeElUA T, AAE F 2AEAL%Y A9 o
g BEdA 82E JAE Blde AdAFAAE FE3 FuT £ Jdv RoZ JEA, o] F3H f
g ANZE 2 - HATYPoEAN FHLo] Jted Ao HUMHAG.
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