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ANALYTICAL EVALUATION OF MECANICAL BEHAVIOR
OF TUNNEL BY CONSIDERING EXCAVATION PROCESS

#¥ THY FEEE?- {LEEER
Yujing JIANG, Masafumi YOSHIDA and Tetsuro ESAKI

Recently, underground utilization is being taken attraction. In the construction of underground structures, space
safety, affect to the surrounding areas and low cost are needed to be considered. This study is to clarify the ground
behavior around tunnel at each excavation step by using a new three dimensional numerical analysis approach, in
which the large deformation and the post failure behavior of soft rock masses can be simulated correctly. Further-
more, the supporting effect of rockbolt on the deformation control for tunnel in soﬁ rock masses is also investi-
gated and discussed theoretically .
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Table 1 Displacement at the crown and the springline of
tunnel according to the analytical method.

Section | Crown(em) :Springline (cm)_
(support) U0 G ufn . o ;. Ufin

Circle [C2eAGD) 723 | 171 271, 372
(without CaseBGD)| 7.03 = 14.1 . 207 = 296
SWPPO) "o | 273 | 166 108 | 343
Circle  .Ca5AGD)| 451 | 7.00 [ 0996 | 334
(with support){ CaseB(3D)| 4.03 | 3.38 | 0.693 | -1.06
2 | 273 | 714 | 108 | 273
CaseA(3D)| 4.04 | 102 | 0431 | 7.14
CaseB(3D)| 3.79 | 8.17 | 0380 | 1.87
2D 3.04 | 116 | 0660 | 852
CaseA§3Dg : Three dimensional step by step analysis

CaseB(3D) : Three dimension without considering excavation step
2D : Two dimensional analysis

Large scale
(with support)
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Fig. 5 Displacement distribution on the large scale section
tunnel crown according to the three dimensional
analytical method.
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Fig. 6 Development of plastic zone around the cross section
and springline of the supported with the large scale
section and tunnel according to the analytical method.
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Fig. 7 Relationship between stress and distance from the
tunnel face.

3.4 ZRITBFIZETI3ENBREOER

[ FIRIEE (SRR) BB FERCRETRELZ LB THIED, XBEITHVOAB M ZAL2H81L L, SRR
220%~50%ETEIE, TOH L322 CRREBTABROEFZR LRI CEIECBYEIBFT 2T, X
e RBETORNE~DNHEL & BREME DT (volum) % Fig. 8 KEFNFNRT. B L3 BHER
BEECLTBETIE, ISAMBBEE (SRR) EEMEE (uwlum) LRLTLL—HLEVWZERb2S

(f, ZRIBHEIVBONTEMNE ZRTEITOEN DO (uw/usn) % Fig. 9ICE & O, REOEN
EHBTDL, BB ER8%EBEC_REBITOAITEMP ZRABFOETEMLE L LoTW
5. MEERTIE, HIMBRE2UEET—HELTWVWS. —F, BREMBENBRBROEE>Z T T
WEIIRRZ BN, TR TKRERTICBIT3REMT a2 ) — FBBRL, kT2 U — Fol
R AR BIESE T Lk »ThE L ELLNS.

ULEDOHBEND, MITBRBEITIONEEL —ELLTRELEZEBNBIL T LLEEDO N XLOEH %
ELLERATERNIEBDb?NS

BoT, ZREMITEITIICHEY, BAKHS P RVOEH, AR TOPRBLIVEAT~0EELE
PNCFHE T 272X, WHBREOREIZ TR RERELELTILEELS.

RAREEROREERHAT IO, BRESF C—HNHAOBHKEPp. 2 T5%Ba OPHB R 2L %
EZ2D. BBPBREAMohr-CoulombfEEREILHEI & L, MADVOTHARIBELZEZERB L RA0H
RBEPENTVWEY, ZOBA, PRLORAYICBOWTBHRESRARK E O THRIEERRLEL, —Ho0H
HEER ERPR (4) DX ieRkdohD. £k, NEEEEMER (5) okdiz#Esrns.

R__aiNﬁle-KJh+ o)+ o1 +h)+2fa- T
e"(? (1-KJh+K,)p,- ou(h+K)) (4)
2 1

Ry=CR.; C=[a(1+h)+(1-h)]l_J

u,=- a[u, + uz(Rf/R'e)A(l " + u3(Rf a)l +/] ( 5 )

KEL, w=BJh- Db+ 1); =287 -0+ XL+ 1)) s =281+ DYRARY "
2p, 20,, 20f/(a-1) . l+p\po( ,-1)+o, . _1+sin¢
N=T+k," 1-K7 (1-K,Jh+K) &,{ E ] 1+K, K}—TT§;$



100 100
—o— 2D (N —o— 2D 9
801 — CaseAGD) 801 —— Case AGD)
& £S5
< -0 £
% 60+ § 604
=S =2
404 40+
o
20 T y T T v T v 20 v v T v v T T
15 20 25 30 35 40 45 50 55 15 20 25 30 35 40 45 50 55
SRR, % SRR, %
SRR : Stress release ratio, u,, : Initial displacement at tunnel face, u_ : Final displacement
Fig. 8 Relationship between SRR snd u fu__ at crown and springline of a circular tunnel with support.
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u,,, : Displacement in two dimensional analysis, u,, : Displacement in three dimensional analysis

Fig. 9 Relationship between u, /u, and SRR.
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Table 2 Displacement at the crown and the springline of
tunnel according to the rock mass classification.

2.5
Class| rockbolt crown (cm) springline (cm)
u0 ufin uo ufin o
o | boling | 168 | 410 | 0427 | 1.59 3 2
no bolting] 1.70 4.20 0.434 1.70 o
pp | botting | 451 7.00 | 0996 | 3.34 2159
nobolting 458 | 7.13 | 1.02 3.70
1
0 0.25 05 0.75 1
(a) Bolt density parameter, B
2.5+
S 2
m _____________________________________
o
> 1.5 —
0 0.25 0.5 0.75 1
(b) Bolt density parameter, B
1.004.
0.10
3 =
3 =———
0.01 \"“‘“R
0.00 I 1 1 ]
0 0.25 05 0.75 1
. (c) Bolt density parameter, 8
with bolt (Class D) without bolt (Class D)
[ elastic zone plastic zone r : distance from the center of tunnel
Fig. 10 Development of plastic zone around the cross ‘ Fig. 11 Effect of bolt density on tunnel behavior
section of circular tunnel. (relative bolting length L/a=0.8).

BRIV BN R & BEMOBEEENM % Table 212, BHEFEBOILS D % Fig. 107 Y. ER
OEMOBENELTNLTHS. Ik, BEFREBRIZROLTLARBLEVWSIRALNS.

—IT, PR AOEBHMUOBHERED S WV ITEREROETENHL, »oMEET2E L ESBRD
SYHE, BB R CEDICRAEEERu y 7 AV EBAVLRS. TOEADHRIARBELARRS, 2
Hl ORI KRS XE AN D Z L RBBNHICHRAShiz . '

Fig. 1111, BRAOBIERO WL LT, HRBEATFA—F 2RI ELEGICBHEYE, BERO
FRIZBENIPRE2TT. 22T, HREEATA—FBREORK (6) KEX-TERSND.

B=mnd,Aa/(L,L,) (6)

#1PL, L hRABBRORL VAR, L bR AVAAFRAO RN FEE, bRV ME, AREL
FEMILDEEBIEE, al X FURAEERERT. £, IFLEALVIOREEXRT.

HILBREE K (Srp ) 120.25U T Th D & 5 REFHILTIE, pORET SKBEDLL T, BUHFEBOK S Ew ¥
IRV FPOHBENTWIHHOHRUICECTEELTEY (Re/fa>Lia), BEAYELLRZWY. ¥,

_7__



&pﬂj~&5®%éﬁﬁ,Eﬁﬁﬁwiéﬁﬂy¢ﬁ»b®ﬂ%ﬁﬁkﬂio(ﬁv,&i@ﬁﬁﬁmé
m%éunﬂ%%ﬁoﬁmmxéﬁﬁﬁ&aAgﬁsn&wﬁ&@E&Mﬁ%<&6&2&%&&%&
T5. IORRBRITREEOHEMC L 3 BUERORBRY (0w 2 F#a POXRBR) b FoLtroT
6.&pﬁaeivk%&ﬂmvﬂrH%EE@@MK#ﬁEﬁﬁﬁoﬁwﬁ&kheﬁan&w.—ﬁ,
W%%&Kﬂ?é@%%ﬁé&,Sm=0%u?§t06utTﬁ,ﬂ%@&ﬁ@%bf%&&h&%ﬁw
BOBERONZV. U EORBOBRTHCINE, oy 7 FL FEIBILE OMEBRBICOEBENB, 20
IRDEBPYHE CEL0OBH S MIUBEROBEEICBOND = L BH LM o7,

5. 8bYiIz

AHF R, KE P RALOAEREDEZEL S FET 32D 0OMUONEEHOEF AL L HETBEORE
FHORR, co 7F NV FOXRBBE L IOV THALRRIEZITVUTOL S5 IcE e 5.

1. PIH0OHEST, RIOHRE VBT ARZ B ECBE CE BT EE2 R L. ZTot7T, BIF
BEBRCHERALABMLEIARASRMLRVEN L OLRICL Y, KTRBE SR LA VR, &
DO EHEBHICHT 3 XRIODRIBRICTFBENIBAESHE - EAHEMAD, GTAROR
ERBROEEMER Lk,

2. SRTEMATE SWITEMATE OHBIC L D, TRTHHICHL BB IS AR ST, B %
FEM L BREMICEIVRET DO TRAL, I, BEREORAVOTLRILB_EZE L L okiT
RETHD.

3.RE M UANOAFMERCBIT 50y 2 K FOSHRITHILE OHBEBEIC BB 55, #L
BREEN (Srp) N—EOBEANIKBVTERS = L ARTMICLE LA o,

BE RBAXOFECHLEV S ORERTEREZHEEE LI L2 LI VBHELET.

BEXB : :

1) #&#HiE, & BIEHN: URAITOMUEBZERLE P IVXBOERNES, tALLRTRES, B
325 %, pp.93- 106, 1982.

2) Lombardi,G. : Some comments on the convergence-confinement method, Underground Space., Vol.4, No.4, pp.249-258, 1980.

3) BNEREY: =N FRECLZHBEMOELBFAFEORRE, LA¥DRE, No.528, VI-29, pp.115-
129, 1995.

4) Jiang,Y., T. Esaki and Y. Yokota : Theoretical study on deformational behavior and reinforcement effect by bolting for tunnels in soft
rock, Proc. of st Asian Rock Mechanics Symposium, pp.857-862, 1997.

5) RIS, B FH IWEHR: XAERBROEBFPBLICEEEFM~OEA, tAFESRIHE, No.575, III-
40, pp.93- 104, 1997.

6) =W X AWEER P RXLVEWME N FATEOCRRLEE, +A%2HE  No.5ls, pp.1-13, 1995.

7) £AZELE PUXAVEERFBOLE LER) KR, 1996.

8) BEERT: KEE P AAOEBIRRI - MITERHT, FRALMT, pp.965- 974, 1996.

9) B FH LHEN, BRERT KE M INVEADEBRORERB L TORFITONT, PRV IERIBELE,
Vol.3, 17-24, 1993.

10) FLAC3D user manuals, ITASCA CONSULTING GROUP, 1994,

11) 8 58, [LEER, RERT : KA P RAVORECE T30y 2 B O NEHERDE, tAS2a®mT
#£, No.561, III-38, pp. 19- 31, 1997.3.



