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Analysis on the tunnel behavior characteristic in the excessive fractured zone

distribution of rock area
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ABSTRACT: This article is to apply the tunnel support system selected after comparatively analyzing of RMR and tunnel
instrumentation between the tunnel behavior characteristic predicted through geotechnical investigations and the
numerical analysis at the design stage and the properties deformation occurred at the construction stage. This attempt
results from the behavior characteristic of the tunnel excavation ground shown differently in accordance with the ground
quality and reinforcement method. This, therefore, provide the data and results analysed the actual decision RMR-crown
settlement & convergence and reduction of material property of ground as parameters. Also, it’s shown that the tunnel
designer is able to predict tunnel behavior characteristic when designing in bedrock areas excessively distributed faults
and fractured zones.
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Fig. 1. Approximate relationship between strain and the degree
of difficulty associated with tunnelling through squeezing
rock (Hoek and Marinos, 2000)

@

1. HEASTR R $UEY
Azpelel 78 B2 T4 F BIE ASH



up -

ols%

2 pugon
a4 A oh

olstzr] Slck
A7 EH 25

Zo|aL ARl A

20
LR

L)
Hoym

r
_Lrg 2

d
o:

Lok o
)
o Mo

XN
=
fi

of
flo

of FE
w oL I
Corl

Z

7l F =2 215 7Rk :LEWF 12|
O] Hetd2] ST 9pPdtHE] X283, Shoterete,
Rock Bolt, Steel Rib 5 714 1%} A2 AI7H _4_,_
2 HYPEAol ofste] =2} —? 7|7kl W7 4=

SHA| grom, A7) it S5 ue) A xlof U}E?
AR ST A} 23t dARE gros o
gofo] Fx4] O}ﬂo] O]-EFOV]‘:} O]aa‘ &‘7‘1 Rkl

=4

s o
EY
E
|o
fu
5
]
ri
.lh‘,
|o
HU

IOD/\POlOﬂ 24 IQ‘” =%

Al 190] 318 24519
AL 1) F W91l | mm/F
;ji] S 60 oA} =92
AL 10 D o4 0l

l.

l

344

5.1 712

2 ARG BE =R AAGA A ST
RMRE, A Eafe 2 a4 sgleh= Aolsh] et
USSP wol AL lom, AAEA A
%3 RVMRER 9 Ausfee shgie] S4e]
nlareE Ul Agom AlHAllbE @85
Ao 1E of wAE A ofubyyl RMR E=

AR 9 B S Beste] Jgaisick
web 2 A7 safeist v BE 29
%ﬂM“HOﬂ B =2 arefE o gl d%
4} RMR 559} B ek 2 raulg) o)

I3 ZASIAL 2R Hof|A o] TETE Fat
= o] A 9 A LY WSl e o

Y NATM A Bl AlSA] 2-85== 23]
RMRESF 2-8310] #AC} o] QS &S
Q=S Ak gt

5
e

s

F

|
rgi*

wsto]

o o
ﬁF

X

5.2 X58%

k1 Xe]

.

‘::Lo]—
oH El

AT AFEIE RHRE SRIVE

H oPgete] vfi(Veae) BE=A, BE A
of| {3LE| o] BEu|1li= 96.76~95.78 mo|u Z-2x]Z
3l 9 28 RS T} Fig 2, Table 13+ 2tk

AAAE SARA o] RMRAMY T ASH 9= A

AtARNA AHERARR oS53 RMR B A 9jet
golgt FE Bylon, Me7F F46] S7tE=

}»)\



o7l DfeEst g

AJolx] Bde] AFER] Bt A7

Soi l

Rock classiffication V

Soil deptkrFi=36.76m

Rock classilfication IV

Rock classification Il
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Rock classification V

Fig. 2. Underground tunnel condition (Rock classification &

support type)
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Table 1. Alteration tunnel support pattern in construction
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Rock classification IV
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€ of TUNNEL

STy

Shotcrete
(t=25¢cm)
Steel rib

H-150X150X7X10,CTC 1. Om
Elephant foot

‘,'y;l"
Rock bolt
L=4.0m, CTC 1.0m

Multi stage grouting through
large diameter steel pipe

L=12.0m, CTC 6.0m, ©6=180"

Multi stage grouting through
€ of TuMEL large diameter steel pipe
L=12.0m, CTC 6.0m, ©=180"

Shotcrete
(t=25cm)

Steel rib
H-150X150X7X10,CTC 1. Om \

Rock bol t
L=4.0m, CTC 1.0m

D=12.16m D=12.06m
RMR | 16 | Support type : PD-5a-6-b4 RMR | 11 | Support type : PD-5b-4-bd
Measuring Strain ratio, § (%) (D: Tunnel width)
Crown Setfements | [ 0 comergence | Crovn Setlments | [N comerzence
0.67%D 1.57%D 1.09%D 1.35%D 2.59%D 0.68%D
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Table 2. TYPE-1,2 Parameter analysis modeling

)
BB AFIAS aBITH Table 2, 3).

PD-5a-6-b4 (TYPE-1) PD-5b-4-b4 (TYPE-2)
I ATt T
1 1|1
1 11
1 H(Soi| depth) 11 H(Soi| depth)
| Rock classification IV {1 Rock classification
1 1|1
I , i
1 = 11
I- 48 eam({; - 48.64m(4D) -: |- 48.64m(4D) -- 48.64n(4D)

1 1|1

1 48.64m(4D) 11 48.64m(4D)

1 Rock classification |H| 1

L J I —— L L _______

\%

|

rameter analysis

Lateral stress coefficient, Ko

1.0

- modulus, E (MPa) Rock classification IV Rock classification V
oung’modulus, 2
Under e 1,000 200
Ground
Cohesion, ¢ (MPa) 500 150
MSGTLDSP | Young’modulus, E (MPa) 1,900 1,190
equivalent Cohesion, ¢ (MPa) 523.54 196.06
Steel rib / Shotcrete equivalent Softening s/c + Steel rib Hardening s/c + Steel rib
Modulus of elasticity (MPa) 8,826 19,080
Moment of inertia (m") 1.16E-03 1.16E-03
Support section Shotcrete Rock bolts Steel rib
Softening 5,000
Modulus of elasticity, E (MPa) 210,000 210,000
Hardening 15,000
Poisson’ratio, v 0.2 0.3 0.3
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2h-2-%(Multi stage grouting through large diameter — 3pA)Q} 2EE AJZA] 30%, =F2E A3} A] 30%=
steel pipe: ©|5} MSGTLDSP37))1} =2F5 QAR 2835} cHTable 4
A1 A e Fslel AT A8 esit

A BA = B = 71451 a8 EQ 7 5.4.5 A BEHAGHN
AHE shte] SR #8513 o, MSGTLDSP Type-1, 22 w7 sj4] YA ASTHAE 21
HAQYE: A O B4 AR et & siglon, 22ks a1t s Wl Table 49F 2t
AR BApste] P G4 FEo) fEA
7} A0 ERIAE o]83t S} EMARS U MR 5.4.6 Of7fH 4= sjAi7|0]~
= 1Pgsto] #-gsi3iti(Table 3, 5, 6). =5 2 afdiE EAshs o «l EAEA, o

X S8 o] Sio 2kl WA el

5.4.4 slsscie ti5to] EAAT-E(0~95%)S 2 6}01 7S o
221 BAA] wpke] FkeF op el ofsf 33k BAS SRyeklct:
A0l AHAELS wARE] QJ5le] Aukxzlo] wE 1) E9A7go] arejel oute] MgAlget 12t

Table 4. Construction condition case in analysis (Type-1, 2)

STEP Construction condition step Load division ratio

0 Soil stress implementation -

1 Multi stage grouting through large diameter steel pipe installation -

2 First half unsupported excavation + First half steel rib installation + Elephant foot (Type-1) 40%
3 First half shotcrete placement (softening) 30%
4 First half shotcrete placement (hardening) 30%
5 Lower half unsupported excavation + First half steel rib installation 40%
6 Lower half shotcrete placement (softening) Rock bolts installation 30%
7 Lower half shotcrete placement (hardening) 30%

Table 5. Parameter analysis Case-1, 2

Young’ modulus, E (MPa) Material reduction Cohesion, ¢ (MPa) Lateral stress
CASE-1, 2| Under ground MSGTLDSP Ratio (%) Under ground | MSGTLDSP coefficient, KO
Type-1 | Type-2 | Type-1 Type-2 | Type-1 |Type-2 | Type-1 | Type-2 | Type-1| Type-2 | Type-1 | Type-2
1 1,000 200 1,900 1,190 0
2 800 160 1,730 1,160 20
3 500 100 1,470 1,110 50
4 300 60 1,280 1,070 70 0.500 | 0.150 | 0.523 | 0.196 g::é }:(5)
5 250 50 1,240 1,060 75
6 100 20 1,100 1,040 90
7 50 10 1,060 1,030 95
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2) OH/HEEH Type_1_4 q.]/\}— O]— IV__.‘:L ?_V\\_ U}O]D:L TYPE-1, "E" ion - Crown cor Casel,2)
—aH/H E‘”Type—Z«] EH/%]_ %]—? 8 VE’j‘-ﬂ%}%}olq 080 BCrown settlement(K0=1.0)
0.70 3Crown settlement(KO=1.5)
3) sfAdAlo) 2 1, 2= A|8HAF A 2 MSGTLDSP
E 0.50
HAggoe] AE AdAlZIH 22 S84 % on
% Ko=1.0, 1.5U0E vl EA31c) .
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ML BT,
TYPE-1, "E" ion - Bench exc. cor Case1,2)
54'7 gH&IjEdﬂl’ -EA_-! ” ‘®Bench exc. convergence(K0=1.0)
(1) Type - 1 (IvVEF-oreh 200 Bench exc. convergence(k0=15) A
® Type-12] AWPAF A5 A7HKo=1.0, 1.5)f| u} g
£ B W HREY A ASAY] MEES S
APPAS AR AR Thea} ReTable 7).
zo]— o] = o= /\_] 7}, 0.00
° Z"—'_ =1.0 ’ 15 IIH ET’ Zﬂ ° » > Material reduttion Ratio(3) * *
75%¢<] 50| F+43H === Hske
o= EH BE ] Pﬂ ]—El co= Fig. 12. TYPE-1 "E" reduction - Bench exc. convergence
e, XWEHSE A A7l et dgt 2 Ul correlation (for Case 1, 2)
Table 6. Parameter analysis Case-3, 4
Young® modulus, E (MPa) Material reduction Cohesion, ¢ (MPa) Lateral stress
CASE-3, 4| Under ground MSGTLDSP Ratio (%) Under ground | MSGTLDSP coefficient, KO
Type-1 | Type-2 | Type-1 | Type-2 Type-1 | Type-2 | Type-1 | Type-2 | Type-1 | Type-2 | Type-1 | Type-2
1 1,000 200 1,900 1,190 0 0.500 | 0.150 | 0.523 | 0.196
2 800 160 1,730 1,160 20 0.400 | 0.120 | 0.418 | 0.156
3 500 100 1,470 1,110 50 0.250 | 0.075 | 0.261 | 0.098
4 300 60 1,280 | 1,070 70 0150 | 0.045 | 0.157 | 0058 | a3 10
Case-4 : 1.5
5 250 50 1,240 1,060 75 0.125 | 0.037 | 0.130 | 0.049
6 100 20 1,100 1,040 90 0.050 | 0.015 | 0.052 | 0.019
7 50 10 1,060 1,030 95 0.025 | 0.007 | 0.026 | 0.009
Table 7. Analysis result of Type-1 (case-1, 3)
Material Analysis displacement (mm) Measuring displacement (mm)
CASE | reduction Crown |Convergence due to|Convergence due to|  Crown Convergence due to | Convergence due to
Ratio (%) | settlements | bench excavation | invert excavation | settlements | bench excavation invert excavation
1 95 | 6.=081%D | 6,=1.84%D 5,=096%D | §,,=0.67%D §,=1.57%D §,,=1.09%D
3 9 5,,~0.39%D §,~1.30%D 5, ~1.83%D Strain ratio (0) = (Di§placement / D)x100% (D: Tunnel
i " width= 12.16 m)
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© 2914 BT B et HREe gl Q1 FTH(5,~0.67%D), AHFUEH5,=1.57%D),
AR AR F7H8Hs A3 Uehich SHEURI(S, ~1.09%D) 3 AP HERe 1l%

¢

|

(Fig. 11~13). St AeS YERHTK(Fig. 14~16).

o AHbHF A 9 Ak A sy ks o QRAROkO] Ao AhHE80] 0.19%D oA, W
U Ho 2 Fo2 = Age M go] 0.48%D oAHE Elde] W97} F2
UEPHTKFig. 14~16). 3] S7kskal Qlof St A HAA7E L ashA

* CASE-1 2719] E/dA1180] 95% Y o iEE T, ko] 0.43%D o4, B0l
2 ZdH(6,,=0.81%D), FFHE-546,=1.84%D), 1.09%D oAk = W& So] ubysr Ao g thy
SHRUF5(6,,=0.96%D) 2 A=2] WAYHFE S Z4NA, T 2508 Q% 37 A A}
Q1 (8, =0.67%D), “FHHE+(8,=1.57%D), SAH9] AT S7E o IAIZIA Elof ®iFe]
SHAUEEY(6,,=1.09%D) 2} B2t &S el A7 HEe] WS 2 A 5t
WrKFig. 11~13). oo} 3 e /do] qlrk

* CASE-3 2719] BAA7180] 90%2 u] 2R

B2 A5, =0.39%D), AR5, =1.30%D), (2) Type - 2 (V&a-34%D)

SRR EE(5,=1.83%D) 2 AZX| HYAEE ® Type-22] AMPAG A4 AH(Ko=1.0, 1.5)°] u}

TYPE-1, "E" reduction - Invert exc. cor { Casel,2) TYPE-1, "E", "C" reduction - Bench exc. convergence correlation(for Case3,4)
2.00 5.00
1.80 lnvert exc. convergence(K0=1.0) A 450 -#Bench exc. convergence(K0=1.0) 1o}
160 lnvert exc. convergence(K0=1.5) 400 GBench exc. convergence(K0=1.5)
140 350
a 120 a 300
2 B3
5 100 o 250
© 0.80 8 2.00
0.60 150
0.40 1.00
020 050
0.00 0.00
0 20 50 70 75 90 95 0 20 50 70 75 90 95
Material reduction Ratio(%) Material reduction Ratio(%)
Fig. 13. TYPE-1 "E" reduction - Invert exc. convergence correlation Fig. 15. TYPE-1 "E", "C" reduction - Bench exc. convergence
(for Case 1, 2) correlation (for Case 3, 4)
TYPE-1, "E", "C" reduction - Crown settlement correlation(for Case3,4) TYPE-1, "E", "C" ion - Invert exc. cor i Case3,4)
0.90 12.00
0.80 mCrown settlement(K0=1.0) lnvert exc. convergence(K0=1.0) A
10.00
0.70 Crown settlement(K0=1.5) £ lnvert exc. convergence(K0=1.5)
0.60 800
aoe 0.50 ;D;
- = 600
8 ow | 3
0.30 ’ 4.00
0.20
2.00
0.10
0.00 0.00
0 20 50 70 75 90 % 0 20 50 70 75 % 95
Material reduction Ratio(%) Material reduction Ratio(%)
Fig. 14. TYPE-1 "E", "C" reduction - Crown settlement correlation Fig. 16. TYPE-1 "E", "C" reduction - Invert exc. convergence
(for Case 3, 4) correlation (for Case 3, 4)

350



o7l DfeEst g

AolA] B A B

q_

Table 8. Analysis result of Type-2 (case-1, 3)

Material Analysis displacement (mm) Measuring displacement (mm)
CASE red}lction Crown |Convergence due to|Convergence due to Crown Convergence due to | Convergence due to
Ratio (%)| settlements | bench excavation | invert excavation | settlements bench excavation invert excavation
1 75 4,,=0.96%D 0,4,=1.61%D 0,;,=0.78%D 0,,=1.35%D 0,,=2.59%D 0,;=0.68%D
3 75 5 =0.70%D §,=2.78%D 5 =5.36%D Strain ratio (0) = (Displacement / D)x100% (D: Tunnel
s ¢ “ width= 12.16m)
€ B W HFE A ASAY] HBES] SHAEHREES S71h= W3S Uehdti(Fig
A ‘EJS} A= thE Zti(Table 8). 17, 19, 20, 22).

* SUAT Ko=1.0, 159 o} B, 54 A& o AMbHF A 9 FH2H AHA| sy HEE
5% o WYl FAA S 4RSS ANWRARE Hrh 2 Eoe FlE 4
LR, AHHHRE A B g2k A3l whet = UeERdtKFig. 18, 19, 21, 22).

Ak U WS B SN 4US U e CASEL =710 BAARFE] 5% o) e
tHFig. 17~22). B0 TS5 =0.96%D), AR5, =1.61%D),
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TYPE-2,

8cs (%D)

‘WCrown settlement(K0=1.0)
SCrown settlement(K0=1.5)

Z7pA Epde]

"E" reduction - Crown

Casel,2)

1

1

b

&ci (%D)

Fig. 17. TYPE-2 "E" reduction - Crown settlement correlation

(for case-1, 2)

TYPE-2, "E"

Scb (%D)

‘#Bench exc. convergence(K0=1.0)
‘©Bench exc. convergence(K0=L.5)

50 70 75
Material reduction Ratio(%)

- Bench exc.

Fig.

Casel,2)

8cs (%D)

Fig. 18. TYPE-2 "E" reduction - Bench exc. convergence

70
Material reduction Ratio(%)

correlation (for Case-1, 2)

95

Fig.
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S5, =0.78%D) 2 AZ2] YHAHPS

TYPE-2, "E" ion - Invert exc. cor Casel,2)

4.00

lnvert exc. convergence(K0=1.0)
2.00

A

Invert exc. convergence(K0=1.5)
0.00
800 ,

X

70
Material reduction Ratio(%)

7

19. TYPE-2 "E" reduction - Invert exc. convergence
correlation (for Case-1, 2)
TYPE-2, "E", "C" reduction - Crown Case3,4)
9.00
8.00 ‘WCrown settlement(K0=1.0)
2
7.00 #Crown settlement(K0=1.5)

70 75
Material reduction Ratio(%)

20. TYPE-2 "E", "C" reduction - Crown settlement correlation

(for Case-3, 4)
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5cb (%D)

o

2 AATH(3,,=1.35%D), AHUEH(5,=2.59%D),
UL (5, =0.68%D) 9} H]<=3t kS L}
WcKFig. 17~19).

* CASE32719] &/dAtheo] 75%% u] 'PHE
& HTHE(3,,=0.70%D), AHUEE(5,=2.78%D),

SHEUEEY(5,=5.36%D) 2 A& THPES
QAR =1.35%D), AFHFUEH(8,=2.59%D),
SHFUEH(6,,=0.68%D) T AT UIEH- &F vlsz
QA= UEhdti(Fig. 20~22).

BPgete] A, AckHE-go] 0.7%DolA, W
H@E0] 1.6%D oV e BEe| Mot w23
S7I8IAL Qlol, St A AAPE D ashA =,
ZAHHEE0] 2.43%Dold; EHFEE&0] 3.96%D
g A5 Hd dHS
S, 371 22 52 g 7] AR

ion - Bench exc.

TYPE-2, "E", "C" red Case3,4)

‘®Bench exc. convergence(K0=1.0)

©Bench exc. convergence(K0=1.5)

0 20 90 95

50 70 75
Material reduction Ratio(%)

Fig. 21. TYPE-2 "E", "C" reduction - Bench exc. convergence

correlation (for Case-3, 4)

TYPE-2, "E", "C" reduction - Invert exc. Case3,4)

lnvert exc. convergence(K0=1.0)

#lnvert exc. convergence(K0=L.5)

20 50 70 75

Material reduction Ratio(%)

Fig. 22. TYPE-2 "E", "C" reduction - Invert exc. convergence

correlation (for Case-3, 4)
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