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Abstract

When the tunnel is designed, the ground is classified into several grades and the
corresponding support system is applied according to the support pattern table.
However, a simple pattern application based on rock grade does not take into account
the longitudinal stress transitions occurring at rock grade boundaries. In this study,
three-dimensional numerical analysis was performed to estimate the stress change in
the longitudinal rock grade change of NATM tunnel, and the influence zone of load
transfer was investigated using the influence line and trend line. As a result, the
downward change of rock grade in the direction of tunnel excavation occurs in the
range of 0.35~0.7D from low-strength rock to high-strength rock around the grade
change boundary. It is necessary to apply a downward pattern of about 1.0D to the
safety direction in consideration of the influence range of 0.35D to 0.7D.

Keywords: Rock mass grade, rock mass classes boundary, influence line, trend
line, longitudinal stress transition
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A numerical study of the influence of rock mass classes boundary on tunnel stability

Aol AREE 2R 4= =] o3 51 Hepeto 2, X Aol A Alget 571 9] AEA] O] AW~
HA5}tod AE-SHTH Table 1) (Korea Rail Network Authority, 2003a, 2003b, 2010a, 2010b, 2010c).

Table 1. Proposed properties having been applied to numerical analysis

Rock mass classes Unit density | Deformation coeff. Poisson’s ratio Cohesion Friction angle
(kN/m’) (MPa) (kPa) )
1 (except) 26.49 1.95e4 0.20 6.7e3 47
2 25.51 9.70e4 0.22 3.8¢3 44
3 24.53 5.40e3 0.25 1.7¢3 40
4 22.56 1.40e3 0.28 5.0e2 34
5 19.62 3.30e2 0.30 1.4e2 30

Bl FHi= @AVl AABIL Sl A4 71E

=
83.44 m*o|H & 27 (D)°] 2F 10 mO|thFig. 1). FHt 55

o
§
-

AE THE-S ALSstolt) 2AThH AL

T

A EaE 2 S Ao dRFH o2 ARG

mE

&1 Q= 570 Rl o] EEA| Ha S it S wiet 2851t Table 2).
ol A Xq‘gﬂi’ Q= NATM35 2] 74-%- Shotcrete & Rockbolt7} G141 A HAHZ A2 =] 11 2lo]dS

orH8-S Zrlel= HA= A olotal QLOH(ITA, 1986), 54t 5lli= Shotcrete @ Rockbolt THO 2 27
ok 517] wiR] meg—o— Aol A 2J5IATE. TS Random Rockbolt® A[EH Type-12] 7%= ojH] éE
oA Rockbolt f-5of| w2k ek B 9] o EA o)) Foke F= 2 0 & et HEo A A 2fsict. Tt =
Bo]| A]ZE]E= Shoterete= A& 7]712] 9FA8-2- 714 A] Hard Shotcrete = HS}SPHA X|Hk-3-8 Bds)=
1125} Soft Shotcrete2} Hard Shotcrete = H-2|610] B8 TH Yoo and Park, 2003).
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¢ Tunnel
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| = '
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Fig. 1. Typical section of tunnel
Table 2. Support system for numerical analysis
Support type Type-1 Type-2 Type-3 Type-4 Type-5
Rock mass classes 1 (except) 2 3 4 5
RMR More than 81 80~61 60~41 40~21 20 or below
Excavation method Full-face Full-face Full-face Partial-face Partial-face
Upper half 1.5 1.2
Advance PP 3.5 3.5 2.0
length (m) | Lower half 3.0 1.2
Bench length (m) - - - 20 20
Shotcrete thickness (mm) 50 50 80 120 160
Length 3.0 3.0 4.0 4.0 4.0
System rock :
bolt (m) Long spacing Random 3.5 2.0 1.5 1.2
Width spacing Random 2.0 1.5 1.5 1.5
Lining thickness (cm) 30 30 30 30 30
Ground improvement - - - In need In need

>

A 92 SH o= HE FaA7(D)Y] 4.5D, /== 4.0D, sHEw 3.0D7IA] = Asto] Bjd A
A7IHKTA, 1999)°] shAs SR el o] At 55 ol o= S sigirt. 32H Aol A 43k

] Qofel it 712 M 2 glout Aol Aghom 2718 ulo] Wek el ML) X

828 Journal of Korean Tunnelling and Underground Space Association



A numerical study of the influence of rock mass classes boundary on tunnel stability

SIRK(C) EX AT Z J3FH 34 A] -3.0DOlA] 2.0DHEE & 2= 9)0](Bang and Han, 2006) THH M52 2]of
3,5D7HA] Ad7dato] O‘:‘J‘é opPz-gof JFS uiABIAKFig. 2).
ARF5FO] A= A2 o= FAEO] QLo sfAlof| A 2| Kl sk el F ARt A1 of| AA == 5Fir).

Rea ot |4 00

e
L
355 350 98 25D

3.4 3l =M

4, 5‘?_1_ Caset= 20m94 HIZ] Z ]O] g 4835 ]—‘ﬂq'.

Sl o A= 2 2] Case @] A Hojjel 8tof| e} =2t} Shotcrete, Rockbolt A2 S FHE-2 0 2
aYoto] S-S HAFSHITE S22 Fo ot ot SHollA AlRtste] dZlo 2 g NbEA
ZFot At S vk o 2 A w|m Z2) o] ZF ThAlatt) Soft Shoterete 2! RockboltE A |5k, TFS
5 oA THA|9] Soft ShotcreteS Hard Shotcrete 2 E43-2 #7351] Shotcrete 2] -2 112513t

H Ao 285 FLAC3D (Itasca Consulting Group, 2002)2] Mohr-Coulomb o] 7|52 ta}a] e} o1
Y] 7)5S Eo] ARSsl Qlow, 2739 48 & W= AR O 9IS Z713k519]t. Shoterete+= Shell 24~
£, Rockbolt= Cable R A5 2-85}%1 17, Unbalance force=0.1%= L5 A5ttt 2 TAE 271%9]
SOl SHE 71 55te] Aol &85ttt

Z+
=3,
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o 7ol AfHiE e = ofgt oito & RElEstod 97 Caseoll iRt 2[slAd2 Rt o™, Sl Case= A%

ohut Sg&FHF gt S0 2 T]5Rrk Table 3).

Table 3. Longitudinal change of rock condition

Analyses case Front rock grade Rear rock grade
282 2
2&3 3

2
2&4 4
2&5 5
3&3 3
3&4 3 4
3&5 5
4&4 4
4
4&5 5

2 QAo et S o] i Wole] ol B e S R4S 9lo] 1 o] dlofty i ahayy
= oS0 AREE= FFA(Influence Line)?t 434 (Trend Line) (Schubert and Budil, 1997)2 E-8-5131tt.

B2 ARl 7] B2 S7 AN S NS shute] Adog ddet Zs dF(Influence

| =1
Line)ola‘r StaL, G AR oM 22 A=|(277)HE Boltl ghaa 28T 412 % &4](Trend Line)©]

r°+“

f
ozl

2&39] 7§9r°ﬂ% AR 21 n-29F3(Z5E-1.27 mm) ol A n-19F4 (35} -1.38 mm). 22 2= A n-249]
71A] S HSHE(7.9%) Bt tha Z71sHHA AAR(SE-1.92 mm)olA 40.1%2] 2 HElE 2 4= Q19
H, 2&4 2] 74-9-=100.4% (H5PHS} 2.24 mm — 4.49 mm) 2] HIPZ} ERISIA T, 2&52] 73-9= n-29F4of
n-1 2P0 2 Z2EHA] 20.4% (A5HASE1.57 mm — 1.89 mm)7} =] 17 AAFo| A= 142.3% (5HAS)
1.89 mm — 4.58 m) 2] & 37} HEP=tl, o= 0] W o\t 55 F1Ho] F&to]| o3t gafo] A =2
Ao g Ho|wHA Aol A 714 Q1 jiggo] AEEIY] whiZ o= ThebEthFig. 3(f), 3(g), 3(h), 3(1). 55l

o

)

&Y AR SF ARIE 2= Case S Hlawsh o] ot 5ol B st 497 132 o2 -7l vlsl ¥

shgo] 21| EAsto] 2 Qhdto] ko g 79 Srfof| A HRAIGH kS B Hedsl= 71 0 2 whohect,
3&42] 73-olh= AAR R TsPHA ot Hskeo] S7telH A n-19gollA] 13.8% (51} 2.90 mm —
3.30 mm), AN 62.1% (51} 3.30 mm — 5.35 mm) 2] HIlE £ 4= 9190, 3&52] A-¢oll= AA

Hojl A 103.8% (H5FH3}F4.00 mm — 8.15 mm) 2] 2 Wk} LFERGTHFig. 4(a), 4(b), 4(c)).

830 Journal of Korean Tunnelling and Underground Space Association



A numerical study of the influence of rock mass classes boundary on tunnel stability

Rock mass boundary the distance across(D) Rock mass boundary the distance across(D)
Lo 1D 08D 0E 1 2 320 2@ @ 0@ o i 2w
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£ <o : g .. ///////////////\
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(a) Influence line and trend line in case of 2&2 (b) Influence line and trend line in case of 2&3
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e HERk e & E AR e Rock Mass Grade 2 : Rock Mass Grads &
9.0 -45.0 .
(0) Influence line and trend line in case of 2&4 (d) Influence line and trend line in case of 2&5

Fig. 3. Effect of longitudinal variation of the rock properties on the influence line and trend line (2&X)

Rock mass boundary the distance across(D) Rock mass boundary the distance across(D)
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(0) Influence line and trend line in case of 3&5

Fig. 4. Effect of longitudinal variation of the rock properties on the influence line and trend line (3&X)
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4&5°] 73-Foll= AN ol ZAshHA st Hskeo] F7FshH n-12FgollA 12.2% (FshHzt 14.22 mm —
15.96 mm), 74710114 50.6% (452} 15.96 mm — 24.03 mm) o] 2 IS £ & QU3Irt. o] = 2l £A)
1= Gttt SHol| ZASHS Qhke] 44 2o]7} TFE Case B 217] Thizo] S Holo] Mghgo] Ajzo =
s A0 2 PerETFig. 5(a), 5(b)).

Rock mass boundary the distance across(D) Rock mass boundary the distance across(m)
g0 20D 1O 0D 10D 20D 30D g 200 10D 00D 10D 20D 3.0
A ;/ 5o |
B R
i =
S eo L //////////y////////////////\\ o0 E
%715‘0 T Influence linetdg4) 220 %iz;z N —IR i
5-18.0 § -0 Trend lne(434) 8 “®- Trend ine(dsE) |,
E—zw o L §740 O -0~ Trend linetaaa TNS—
" Rock Mass Grade 4 E Rock Mass Grade 4 | :22 Z Rock Mass Grade 4 ! Rock Mass g;ade : S
(a) Influence line and trend line in case of 4&4 (b) Influence line and trend line in case of 4&5

Fig. 5. Effect of longitudinal variation of the rock properties on the influence line and trend line (4&X)
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o B e T T o Lo & T—{ Stess decrease In case of O 2645 i Stress decrease in case of |
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< &m 2 NS
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g J 5
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2 e |

-BE+5 _6E+6 L

(@) Maximum principal stresses at crown in case of 2&5 (b) Maximum principal stresses at crown in case of 3&5

Rock mass boundary the distance across(D)

-3.0D -2.0D -1.0D 0.0D 1.0D 2.0D 3.0D
2E+5
1E+5 Stress decrease in case |..
of analysis step increase

0E+0
-1E+B

-2E+5

-3E+5
~4E+5

-BE+5

-BE+5

Maximum principal stresses(Pa)

~TE+5 |—

-8E+B |

(©) Maximum principal stresses at crown in case of 4&5

Fig. 6. Rock mass characteristics longitudinal influence line of the maximum principal stress of a case to change
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A numerical study of the influence of rock mass classes boundary on tunnel stability

Fig. 72 45t 55 ZAANA o] 22T A (n-1)2F A 22 A(n) o] ATE 9] 7118 Uehd Zo]
o}, 1A 210](2&3, 3&4, 4&5)O1A=40.1~62.1% 57151 2THA| 2F0](2&4, 3&5)°lIA+=100.4~103.8%, 3T
A Zol2&5) A= 142.3% 2 F5ote] ot 55 2to)7t 7 oHH 55 AN A S7He = g5t
A5 ER1% 4= Qlrt. of2gt SEAto]of whE TS| F7H= 44 A Zpol7h-8-= Holof| vl 4l Fake

H

160%
140%
120%
100%

80%

60%

20%

20%

Vertical displacement rate
of tunnel face

0%

Front rock grade

Fig. 7. Vertical displacement rate of tunnel face in rock mass condition

Table 4. Scope a stress transfer working in case of a longitudinal change of rock mass condition

. . Scope of stress transfer
Front rock grade | Rear rock grade Vertical displacement rate of tunnel face (rock boundary basis)
3 40.1% 0.35D
2 4 100.4% 0.35D
5 142.3% 0.70~0.35D
4 62.1% 0.60~0.40D
3 5 103.8% 0.70~0.35D
4 5 50.6% 0.45~0.30D
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6.2 &

2 A= AN AE Fole] TR S Blstol| whE e HokdE ASstar, 22 g ¢l Hre]
tff of| S]] &-8=]+= Influence Line (¥ F41) X Trend Line (B )= o-&5to] At 55 AARNA 2] -8 A
o] FL& A5k

S At Ed Z2PRke 2 ot 5o sha HislelH SaRRt AAIE S4. 0= 7 Alelof ofgt-g=
o7 AYsHH 3 Ao |7t 25 88 Holof| mE TR e] ST HIH[A 2 AX|= A-E ERISHTh
T3t Ed 2zhleko = ot -Sgo| ol MigtelH 73do] ekt etellA 73 do] & et HiRke 2 0.35~0.7D
HRAoA -5 Ho7t Asl= A o= FA AT o|2itt -8 HMoli= st ool thigh F7H4l g8 o=
2Lg517| tioll et S5 AARE SAH R A K A A”S] Mgt E ash, A% Al ThrtellA 2] TiH
W= A5 AokE 714 271 wiel AA A-8-2 g3 o) 2] Folt). whebA] ot 550] Sk ofefF el
A= -5 Holof w2 Ed $FA] Aok areieh e #-8o] 95, A4-41te] 0.35~0.7D FFES T
osle] QHZ0 2 1.0D Ao Sheulehe 771 4 g5} 2lo] Wastt
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