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Analysis of reasonable thrust force during tunnel excavation in homogeneous soft
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Abstract: The reasonable calculation method of thrust force and its influencing factors were studied by applying mathematics

and mechanics based on the working mechanism of EPB shield machine. Model experiments on thrust force during tunnel

excavation with EPB shield machine under different conditions of burying depth, cutter opening rate and soil property were

carried out. The aforementioned theoretical results were also verified. Combining with a subway tunneling case, the derived

formula was used to forecast the values of thrust force in the course of shield tunneling, and satisfactory results were achieved.
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Fig. 1 Working mechanism of EPB shield machine
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Fig. 2 Load developed during tunneling operation

A P R E TR BH ) Ry 2 AR AR ) A
TG 43 (R BTRR ) Py, « AE FAE LB Bl L) IE TH
TET) P v R WIEFEE L AR A N BE (]
(RS BB B ) Py, 25 3 380 H4 o
2.1 Fe

JERA 7 5 = 2 TR R EERRL ) Fe A0 55 R =
X JE AN (R BEREBE ) F, o JE A S AR R B B )
F, o JERREW AR R R K 3 s, X
e s B — Pk, HAN B R K sgm . 3@,
A LAY AR FTE G R Ah 52 384~ ETIERAT Cof R AB 5K
BO I 1/4 188 (B aR/2 ) X4k P [l 42 1) 11k CHp
BE ) ¥hp,, AN

p.=7H )
Xrf, y AEREE GNmY, HAEHEE (m).

BAR, JERIANEIRES 1/4 BB (K nR/2)
N R 1 S s BE B0 p, o BEE R AR L F W AE A
SRR AR AR 5k p, » U

b, =, 3)

¢ 7RL

Arb LN EMHLAN K.
BHMTE CEPAD, BCIRBD HIZKFAEM LM



51

IRAT L, A5 SRS E A AR VA A (R B TGTRE A ) 4 81

TN o, TN
A =K(p+22) @)

A, KAFIELE DR, K=1-sing, ¢ h1ik
P EEEE ST

Fig. 3 Earth pressure model and its calculation
DR R R Ab Fe 7 0 (R, 0 R e I A AR S
A 5e ) AR EERH s £

f :%(C+Ntan(p) , %)

Arb, N EARIBIR S (N, o K H AR A BE
B (0, NATERAERTE N Bk mil kD)
SR (KN/m?).

N T TS, N R fRi AL X1 R TR (AB
JRBO MiE, N=p,: W1 FEH (CD KB s,
N=p, +p,; ATHOIE (AD, BC JRBO 15,
N=q B iz (5) W, fACEGIRBFTAbRIfE
HR, mHES T EZHc, oHAX.

g ERTIR, WA R R AR S M P LA 5T
() AKPERR ) F A

F. =15, +2fS + 1S, » 6)
A, f, TR AR BERL 58 (kN/m®), £, ]
T AR BEBEL S 93 (KN/m®), Ay JEG 3 -4 (1 JBE BEL
JiaEE (kN/m®), S, M TN Ot AB 9B (1)
AR (m®), S, WM A N BC JRED (TR
(m?), S AJEHAME O CD JREE MTHIAL (m?).

X (2) ~ (6) w41, MJEMMRH BR, -
KSREE (c\ @) BRI, WEEFH S F stAH K .
2.2 Fs

N T HEFs, 1500 A A AR A i it
FERATHE . Y JE R A HERERS, 507 BB &
TEREAIR L5 IE I G 8),  thT Ak SR 8] )
JEBAE =L T H ARSI IIRH g, B T A
AT AT Bl , AR B 218K . 76 & R TEE 1
KGRI, FFUREE R AR NER N, i
1S A e S R A A 1 A RE P A s g (B i
HHULIG R T EERE ), [RIRE R IR T a4

RS SNIBE Sy, W5 | T 2 23 P T 4 7 (33 K0,

WU P HE A ), BPRE. R IA B SRR

A, A AR R ) P R A VE

P, NITASEA A4 1 T BEL 45 A S5y b P4
(D R

Q
bl
!

9
Y

Fig. 4 Load model of soil unit in chamber
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Fig. 5 Sketch map of model test
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Fig. 7 Thrust force under different burying depths
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Fig. 8 Thrust force under different cutter opening rates
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Fig. 9 Thrust force under different soil masses

—a— T EE5N0'N
| —e—IET#ES/10°N

LA NIERRS
5
|

| | | | | | | | | |
0 20 40 60 80 100120 140 160 180
HEVEBE S/ em

10

Fig. 10 Frontal thrust force and total chamber pressure
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Table 1 Mechanical parameters of soil
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Fig. 11 Frontal thrust force vs. total chamber pressure
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Fig. 12 Comparison between measured and predicted values of

thrust force
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