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HEAERELRBHEENTNKRATERDTIH, ERERBNERTIEENRIBARRE Y 6.
M EREEDHTTHEHE, K Manuel Jetal LS4 TEBM 2 MW E, REBSSTHKE
PFC3D #47 T FFEERL, AN T IRNEH AAHEURASHENRES SEMNER S TREEH#
TTUHE.ERTEB G HFEEA TREMEHV I, Cho et al® & AUTODYN-3D st
TBM I /ETXHEANBBEHT T — R BEEUIE  ERUERA N EOBERNEHIT TR
HEXW#ER MABE TRAITENLEE, KHREREY, MAH AUTODYN-3D #17 M S EE £l 7]
LA E LCM Ml I F TBM B M BEPEA . Zhao et all™ 4t X IF 76 B 8% B9 25 R BT /R 58 7 11 4 BE 35 15 1 I
MEBEEEN KB EENFEMREERRE BT TESAR BV EREAETGSEEITN
S=HER, RANPE TBMRABX 2 R HER, AN AR AR BERRNVJE BN ER-HR
ERBEERWHERE, 3#1T TiRIT 8. Sugimoto et all' VR T EH BB ASIBHES . FERT
HAXEHREAFE. AP R LAFLIATTE R 2 HER THERRENE A THEAS K
SEHFENEERE NERTAINTEGRAETTRE . A SZ2BRNERITRERHATT LB, BiE
THEREFHUEREATH. AU ETH  ZABETHABREFELIRE S, MEBTALLENR
HEXHRBMEWAZIBP LRWOZT MBS, B EEBBT I ENFELBH TR,

ERBBOTHKMEG PFCID R TRETMUREWI/BERY, #TTAEIBEM. BRTERFE
R, U TIREMES BB RET , DRDEIS R D2 OB, UEITRREEN T &%
FIR B, DA R IR3IEE R .
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1.1 7I&MEIEHRHNBESH

BEWNERAIBPIPHIIERZEHIZCRBHEINAE, TREALIB IR ZHRSE S
Fjg[ﬂ]

F=F, +F,+F, (N

KRFL.F HEHNRS T RNRERE ) REEEN;F, Y TIRTTREA TR BTABESF, I TR
HREA, I/ME LT RELPHEHNHES,

BB WA E S 24003 3 B AT EAR R
F o= f(xDLP, +W) (B#1)
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F,=l<t*K, P, (3)
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F,=P,-%-D‘ (4)

AP, f RS LHEEEIEGD YERTIRER, L HIIREE; P, AEREBTHWEN I L EP. AT
EERMITET ;c ALBARDK, AL ENREGI HTIRBBAK A ATNARARE W AEHRE
B hIEERABKE.
T3R8 o 3 7R P BT 3 L AE 0
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KHP,T, WELBUEIBEAFENESE: T, WIREES EANBER A =4EOHE: T I NR/IAELE
REEN=ENHE. BRELRNAZ20H. X3 A8TEAKXN
T, = Z")F,R,- (6)
T, =%(1—au)Kf(H+§)y @))

D’ 2 D
T3="1—2Lc+DTLf71r(H+E)(1+K,,) (8)
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KF,n HNEEWTIIEGF A5 BRI &= K J1 R XTI IR EI #2442 D REH ]
BEHR a0 ATFOFRK AME L EAREG f ANIBREASTWEEREGL AITREE K, yEHLE
HEZGYy WX EENFEH HEWHILTERE.

Hda
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AP, P 40 7138 W 82 0 Tk e BT R A R AT
P=(ygd*N,+CdN,+C,dN, + y*dN,)m am

K .d AU ;m BNRFEE;CHTEARSC, HLEGIIRMKE 1500 HTVRDEIfA ;0 A LS
TERWEEM;q ATERABRE;L ATTRKESTEEMBKE;N, REHREGN AARITREG
No RSN RZYGN, AMBEEREGo BT EUEEE.
1.2 JNIR|EZHZESH
T3 4% B e % HEpE Rl A X T B0 R B S, o IR y e, WS RN 3 M IR,
B HESE T MM NIRS ARG MRS . THEL XX 3 #MEL SR HFTESES
L HAEUT IR RE-KEZITR.
(O, XFMELT IR E—RERATEIESEERES, BRE T ESRZs, HiEZg
HEHN
y=ut an
x = Rcos(wt) (12)
z=Rcos(wt) (13)
()BT MM N IR B 0B . HERE DT 1) RAE BB B, BEHE T M R S B s, BE R

y=vt — Acos(2r ft) (14)
x = Rcos(wt) (15)
z = Rcos(wt) (16)
G Be¥ 7 MR s s . HEHE T A S BB S, e T I R RIE ) B B
y=ut an
x = Dcos(wt — Acos(2xft)) (18)
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2 EBNBHINERIHERR

BROUE (DEM) A BB RIBFEZ T ERAD BRARBREBEES (RUESHRELR).
FORLI] e, B BB R EBWR, BB AT URERERR . HRE-ENEHFTBGEE _E
B, KA SRR R KRB ZS TR, #MREERIEELEHTE. FRAENSIE, BK
FEm st 1 # 51R — R W B BB 3 5 e % A — K8 W R A0 B 3 S A AR TE B R 4k 4 4 5 IR K
UBRMIFLERE. AXRAFBOTRMG PFODEMBERFLZLR, MAREERAMNEL T K.
Xt FHEEWYZEY LSRN BEOTRGRERN BN TR, B L R L TR
FRAKEMBRHEEE. RTRETREESN, BRI EEs BN TESTEWEERS AL
AFRBREEE KO, 5% SRR 8 35 BURL IR B A AR BESR 7T DA UE I E S5 19
T A#ETT.

2.1 BRSHHEE

BHOTHBATHANSHREFERN, AEZANSE AR EEN B LR . BEEXNAEES5HWN¥S
B MFEFENHER, — B AR - AR HEARNS B AMERR =M ERF KRB
A B L - LA 4%, ARV ZEBAF P SL AR RO B, BEAT BB S S R A LR 5, 75 B 4
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%, EXAKABRHUSE, FEEMMEMRLHREHA - FHREE 105LUA, BB AE
RARSEANRATURBMHBEY. FEREHNANSEFIES b, = R-REMEHEERIE 1/
PiRB) sks = BR-EREE AR AL B9 BY VIR BE (J1/HL %) ;s Fraction = MR BEB ALY, AAEMEMERR; n_
bond = ¥s& L MR (J7);s_bond = $ BN MR E (7). Manuel et o™ B EE = E 45 XWX
OEBEM-OAERELBEANSHEHTRE, SERAATN T BB LT R RE#HTZHER AR,
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HBFPLET2AEE—SHEEATMBRBUBAKBML. BEEIFH AL NS K FEBER
MESREMABE —RBREWEER, 3% Manuel et sl BV HBEHEA L MM B ARS K
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Discrete Element Numerical Simulation of Tunnel Excavation

Yan Zhanyou''?, Ge Huien', Wang Zhen'

(1. School of Civil Engineering, Shijiazhuang Tiedao University, Shijiazhuang 050043, China;
2. Key Laboratory of Traffic Safety and Control in Hebei, Shijiazhuang Tiedao University, Shijiazhuang 050043, China)

Abstract : Based on the discrete element software PFC3D, a discrete element three-dimensional mod-
el including soil and shield was established to study the influence of tunnel depth and vibration excitation
on thrust and torque. The initial stress was applied to the model to simulate the tunnel depth. At the
same time, the cosine vibration was applied to the advancement and the rotation direction of the cutter-
head respectively. The motion equation and force mechanism of the cutterhead under the action of vibra-
tion during excavation were analyzed, and the thrust and torque of the cutterhead were recorded. The
results show that: with the increase of tunnel depth, the thrust and torque of the cutterhead increase
correspondingly. For example, the buried depth of 700 m increases by 22. 7% compared with 300 m,
while the thrust force increases by 12.6%. When the depth of the tunnel is fixed, the thrust and torque
of the cutterhead are reduced after the vibration is applied to the advancement and the rotation direction
of the cutterhead compared with the constant speed excavation, For example, applying a vibration with
a frequency of 15 Hz and an amplitude of 6. 36e-3 rad to the direction of rotation, the thrust is reduced
by 2.08%, and the torque is reduced by 1.2%. Besides the vibration with a frequency of 15 Hz and an
amplitude of 0. 318 mm is applied to the thrust direction, the thrust is reduced by 1. 67%, and the
torque is reduced by 3. 28%. The depth of the tunnel has a great influence on the thrust and torque of
the excavation, and the vibration applied to the cutterhead can reduce the thrust and torque to a certain
extent.

Key words: discrete element;tunnel excavation;oscillatory excavation;tunnel depth



