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Effect of the Rock Characteristics Condition on the Behavior of
Tunnel by Numerical Analysis
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Abstract The selection of the support system is an important design parameter in design and construction of the
tunnel using the new Australian tunnel method. It is a common practice to select the support based on the rock mass
grade, in which the rock mass is classified into five rock groups. The method is applicable if the characteristics of
the rock mass are uniform in the direction of tunnel excavation. However, such case is seldom encountered in practice
and not applicable when the properties vary along the longitudinal direction. This study performs comprehensive three
dimensional finite difference analyses to investigate the ground deformation pattern for cases in which the rock mass
properties change in the direction of the tunnel axis. The numerically calculated displacements at the tunnel crown
show that the displacement is highly dependent on the stiffness contrast of the rock masses. The results strongly
indicate the need to select the support type 0.5~1.0D before the rock mass boundary. The paper proposes a new
guideline for selecting the support type based the results of the analyses.

Keywords : support system, rock mass grade, longitudinal direction, rock mass boundary
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Fig. 1. Longitudinal change of rock condition
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Table 1. Properties having been applied to numerical analysis
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Fig. 2. Typical section of tunnel
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Table 2. Support pattern
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Fig. 3. Range of Analyses scope
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Table 3. Hardness according to the changing of shotcrete

T8 |WgA5MPa) o 3
A4
. 5.0E3
S e AggaeE 42 T 7EA
4 AT § ez AL W)
sa0E 1.50E4

2.5 SHF0 2 IE

Hoek and Brown[ 18]l 2]3] & A|YHE-S-2(in-situ stress)
9 Za4& AFT oF, Timoshenko[19)7} etE8H &
£ Aubgstel] Axeubgelo] AHgE wiEE At
Goodman[20)= X &4 Ei= F2AAH T2
ZAq A E TR oMt G 3] Zko]7t 1t
Bushgch

EF otubafo] ola) H4H 2738 ge AA A
L3l glojA] ¥IEA] F2A A zAMABeL AR AIA
4ol Aol AAHC] FAlOlLERI] etuHAE,
AE(Acoustic Emission), DRA(Deformation Rate Analysis)

e
- 40
oo

=

=
A



AE 5o o8 dAE ATE 45 EAso o3} 2ol
AR5} THTable 4).

2.6 JIEt APE

Hoodqto] AHEE FLAC3D(Itasca, 2002)2] Mohr-
Coulomb 5137152 HEIs$319} 23343} /1%
ot glen, 2718 g AL P37 351, HAE
2T ZV)83M¢ o0, Shotcretes Shellﬁ_;,, Rockbolt=
Cable 228 Z85le] mdlgl 3193, Unblance force:=
0.1%2 Ajz%s}o:] x%g}kw xzod

Table 4. Ko having been applied to analyses

HE Ko )3

0~50m 2.1 56.9m2] DRAZI} 2§

62.8~108.1m2} A @A A

50~100m 1.9 ~otsl4l. AE, DRA Z7H)

100m o4} 1.7 170.42~179.0me] WA} 2%

o=

';’a-&-},;r o —g;}oq ../;».zgg.g_ ‘%}%‘5'01 Ak
EH

o de =Ustel BEY + AU o714, HYY H
7 =

o HetEE T2 At 7] o SN HH
HOE st Hoz AZd AezM, FadAvit: A
=z A& F¥Al(Influence Line)ol2t shal, FFAle] A]
2HgollA 2& A& drolMe 2oz 4yt
T Ho{d #ES A8 A& B Ad(Trend Line)o]2ta
Aejstanh

G 15530 A - Fgo FdshA AL BLole H
29 Fzpo] AFHEA ALY 718717 vl 4}
7 AP AS: ol Folls AY #Ese AL € & Ak
= gl ot 2, 35w0] EAskE ol $el
ot 15l EAE A3t vlud o, gubd e #polzt
A7) wge] AR 2HEFE g WL AR,
Aol ofuet gholl s EE A S7HEE ¢ 3
tFig. 4, 5). =3, ol ot 4, S50l EXste B S
ol o] et FdAolzt A7) wiie] FAF 2
AL ot 2, 3550l EAste Aol HisiA o & Hat

g 2olu, FFAlo] +EEHE AN EATAE o 5714

mlo i

E ")Y\' %E}(Flg 63 ?)

Hoos 355 GO TA7Y 179 0 ElaNIe 8ross
-39 ksl -5 -5 s s 25

Infusnce hne{ ‘32)
—-B-— Trerg ine(182)
= Trend line(1&1}

[ — ettt
Rock Masy Grade 1 Rock Mags Grade 2
e i
’5

Fig. 4. Influence line and trend line in case of 1&2

Infigence hnel 1&3) ] e
s s Treng ne(183)
Is s e Trend ne(181}

Vertea g aseronin

Rock Mass Grads 1

Rock Mass Grade 3
T —_———

-35

Fig. 5. Influence line and trend line in case of 1&3



=CRSARPIAO]| ot QMISAl] WO EEO| ORE §Y
VIFNCOYEE R12A F18 20099 35

- Rock Mass Grade 2

Back Mass Geade 1 Bock Mass. Grade 4

; 1y
Fig. 6. Influence line and trend line in case of [&4 Fig. 16. Influence line and trend line in case of 2&3

Rock Mass Grade 1 Aock Mass Grade & «——PockMass Graded 4 Rock Mags Grada 4
< by 1o

Fig. 7. Influence line and trend line in case of 1&S Fig. 11. Influence line and trend line in case of 3&4

Rock Mass Grade 5§

Rock Mass Grade 3

Fig. 12, Influence line and trend line in case of 3&5

Fock Mass Grade 4 Rack Mass Grads &

Rk

Fig. 9. Influence line and trend line in case of 2&4 Fig. 13. influence line and trend line in case of 4&5



Wi 25Fo] ] ZASHR ot 3530l F4o
A Beole AR Y Tmol 4 35m AN
Tm7EA] EYE EIE Wek ke AR7] KA
ARolA o 140% Ymol 2 W3S B 4 gl
vh4 BT L oF 200% o]4be] Wt} wAEhel
Ui SEFY A9E TmelA 35mE AYHUA
120%7} AT AARAHE oF 240% ol 4] o}
HS7h LR, ot - 3 ehube) 24 Ro|2
Aol 4 g ol Mo s AR Aol
7Hel go) WS R0 R BeET(Fig §-10)
E3h AT it 250 EASE 9ot vlae

» BEAY 71&717F ANHAAR BIojN AR AL

0% oY X

v rjy 12

X ook 2
Jgrﬂrlrr
:F_E
Mo
2y AL
ni e
2
E»
)
SN
— N
2
o\°.__4
b g
T
Eox
-
Loz
te
4 5
3C oy
2 2

O lo
S 2
o
ok
=
24
=
Wi
ojr
il
)
N
=
ok
Ir
o
o
=2
e
X,
2
-z
=2
2

FAle] 71&717F AR AR RollA 43 AR Re

S0l Aol EA5T Pt sEF| Fo &

4 -6mol 4] -4.5m= = R A
6m7b A WEkE Bk ks #%)7] AlelE A W
S3mA ol A oF 112%, AAFAA oF 130%9] & WsE
B 4 g9tk ol el EAIsHe vt} ol 2l
£ ohte] Aatolt 4719 2duth &)t £
Molel 27)7t 4ejH o ZFasely] fEoe wekEy
(Fig. 13), - Fgol] QP 4%5-Fo] ZAsHe 99 vz
T W, A 712717k AR RaolA Al A
A

—_

EE, 29l Ato] wigof iAo FFo] A
| 2 AHe2 o] Hojrjof, A
b S7Fske] singular point A ¥ Hol= o2

o
ML olo ¢
g
fo
£

Fig. 14~Fig. 172 471014 A7e o aak-g o))
= W] Aot AT A AER 24

ax
3 AORM M| A EaislA Uehd dhEH el
Ag ZAYT

PUAAR WEFoR FAFoRN o] o ol
oA 7ol 2 gukHYe] ZASIE diho Sejo]
Holgo] HhFe o] AN UL & 4 glov,
B2 ZAo] Ae ehiEde] £Alske bl H 9o

FAGA QRPN So] At A

(13
E=4

tlo

fir
P

¥ rr
T

Rock mass toundary the drstance ecress!ml

Stress increase w» case of
analysis step increase

2&+5

R
8

-2 JE+B

Maximum princpa: stresses(Pi

—~4 JEXD

epe=live

Fig. 14. Influence line of maximum principal stresses at crown in
case of 1&5

Rock mass boundary the aistance across!mi

30 -0 -10 0 10 20 0
B6.0E+B

Stress increase in case of
analysis step increase

Maximum pnncipal stresses(F:
! o
g

-4 CE+B

—6 CEHE
Fig. 15. Influence line of maximum principal stresses at crown in
case of 2&5

Rock mass boundary the distance across(m

B.CE+b

es{P

Maxmum principal stresst

408+

6.0+

Fig. 16. Influence line of maximum principal stresses at crown in
case of 3&5



E3, A FH Sol Beld o
A gpIE} ok su] 2 Bk,

ol AROH, St QREFeIAE F7hA UMY
S SISt o, STV S5k Seel A4
spgElo] Wel} £7keHs A2 Fig. 18014 B0 8 4 ik

Fig. 17. Influence line of maximum principal stresses at crown in
case of 4&5

FLACRD 200

(b) A step after rock mass boundary excavation

Fig. 18. A displacement vector about steps before excavation of a
rock mass boundary (step 15) and a step following rock
mass boundary excavation {step 16) and the maximum
principal stress in case of 3&5
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