Fosk FHFuM
2025 4F 6 H

A ®H e

Science Technology and Industry Jun., 2025

=k Vol. 25, No. 11

TBM it m R ER/NE

£BRE

ZEHERNTR

— DU 52 RO IR 4k B T X[ ik 2 4 i O 4

REE L F

b

15!, AR

(L. FEAAAEFENTEEARAE, £ 4100045 2. PR AFERTEZR, KPP 410075

BE, £ TBM(EHERIEHI) LR EPREFEE RN L LB EREIRFRE AR 2L B EEET KA

Il iE R B K R EN A, B, A TBM RSt 2 id RN 22 B 2R E LA TR IR
EH AL BMBEMHRARR EFEALAR TR ZLEELERE
SREAN B RAB A A, I REEE B F R IR A LR E A EE H R0 0~
3R A ARANEEBE BN A EE AZG0.2~1. 24,

ERMT®IET S35 %
oy TALHLAE

EZSh )G MG LA

L, RIEAR

SRAEAPEEEME R B EFAA, TARMA,

BREBEAEE AR 1~34&, % DB BRI IRIR e VAL & AR 5 B 38 m 2 IR K UG AL R K
HO0.3BEFRANZ KRLEBEHNEE AR 1~3 150, 0B8R E LR AL 46 AT 5 A 8 5 53 e i R,
DGRER K A 0.42, BFRE# T A TBM &2 B3 5 a0 TR F,

KR RADERA2EEFRE; TBMEE BRI ; E A3 FAEAEM

FESES: U4slt. 2 XHEfFRER: A

XEHS: 1671—1807(2025)11—0040—07

i1 F TBM (tunnel boring machine, [i% i i iF
GIRE=R E) LY N S Pk o) NN A KL L (EE TR 9
AR it T2 4 SR i T O FH 1 2 b 2 g
JEEE 24 TBM 786 25 2 b g SE i, f S
HAR M, Br 2R 2R AR, TR %4
BUAERE LUOE i | R (A2 2 0 R R R,
SR TE T B R R R I T ARG AN R
WFIE e/ N2 42 7 o B P A~V 48 it 1 2 4 Bk 1 3
MERAERTREE XL,

H A N AMESE2EE X TBM 4 o b 5 2 i
INERALE IR EERE AR D JEAS | LIRS B 4
IINEE AR TR FE A TBM i fE 25 43 SRR oy =
Ma %458 5 ABACUS BF58 T 8 4 J2 58 B2 X b 3%
DURERISZ IR TR B 1 M2 U0 R Bifi 2 5 82 184 o i 1%
s FOUMS 5 R FLACSD A48 1 7 0k 15 S ok i
ks it T XT3 S B Y 3 ) A s e 45 3 T B/
TR s PR A8 R A FLAC3D 15 B% 3 1 7K
RS B B/ NE RS s Pang A5 AR SR 222
V- T B e A 7 A W )2 IR ) S A AL O A

IgfE HEE: 2024-07-01
HEmMHE:
1EERN: Rk

FLAC3D X R i B AT B (A0 48 7R T [ 4%
il PR 2 X 1 B A R A SR 5 ke A 25 R
TBM FJ AR IIX G ILFE B A A AR A L R AT
M ISR TORTRR A 00T B AR 5405 1 Bl
Backblom ™ X 35256 % 1) 15 45 43 51 5% Fl TBM. LA &
Bl RO 42 10 % 18 E AT 300 405 DX SRR 5% & B, TBM
o B 450475 Y0 L A 30 T A5t 48 125 ok 18 T35 4
PEYE A 300 mms XFRHF ] MIDAS % TBM
SR AL B 5 1) S5 /N 5 RS TEA T 40 BT, 4531
e/ NE T AR EEATHL 0. 055 fishg il HAR 5L .
WS TEHE T 7 5 A Aoy S B, v XUk
THORAR LA b A Ry 5 0, L Sl T s il 1k v iy
S e /INEE AT TR B VM o kG R ) B A R
B T AR AR R4 732 KT TBM Ji8 % 2
PRI i L B R LR R o 215 20 /N 4
AR RN TE F T TBM i 2 (%) B 75 Bk 18 17 e /)
TG T TR R i T /N R P 3 T R )
BiH B et S 2 vt L, AR SURFEREZE TR I
BRI PG £ 0l — 5 22 3l RUB i #4 4 1F B 1B 351 B L R

KV E LK FABRPHERE R AR P F R4 54 (kf220101)
2975 B AT REAGARAIBRN. AR T AR TLEMEIT 5T HF 982, F.Fk. 5%
MHLEA, SR TR, BT R 7 6 AR T il 308 T4 345 (1990

) BB R BRI BT 6 A T B R

B TAZ ;@A VR AR (2000—) . B L H AR FAAL, AL E AT R A& B v A R T Mk,

40



REESE A - TBM i BEBE B fie /N2 2 V5 B SR P IT 5

FHEEAEA T TBM it B e iR A T e/ N5 A
HIRFEWTIE A B 58 BEIE T2 e /NIRRT
FEESC DN RS TR RS %

1 % ESEN#E

DR e/ N VBB o R AR IO 10 3 2 A LA
L HETO L 5 [ 2 Ao 7 A2 AL i 47 0 B g 3 R
TBM AT 42 5 Bl 2 47 I 7 ARZS R B P I
e H YRR EHZ R E AR E .

X TRl TR BB AR BCELASEAY b A7 7 P il
FIERATRE R TT ik, — MRS AR ik, — Bl
Je ik, PEIUA RS kRO i B T AR Sk
s 2 ARZIEBA W R A AR AT 42
AR AR ST e g BEAAORE o PRI SR I T 196 35
WARHE AR

XU S i R A PR R A, R B
P 308 B i Ak 48 T2 8% it 5 e I J3E 346 o S il /)N
R ATAE— > die/IMEL 33X Fof AR B $4E TU 457 7 Wi S5k
KB e/ N A TR IR RE I 7 1 M BE T RS %

UNSRBEIETTZ )5 FLA T s 188, R 4 [ o m]
PLARS . B R E L TUE b7 28 3 3R AR B %42
A B AN A A R K g 5 N AR
SR TR BN Bl TR 20 T f K FE 0 S
FeAE s VA EA AR B BRI L %5 BE 2 R T P L
JEAR I I ) 32 RGO 1) 157 A7 R A f K5 )
INPARAR G T DA RN P S A K LS U R L s
AP PR SR S B B 3 B e T g
P I AT e 1 B8 1 W, S 1 05 IR
T B O R BN B A AR A SETAL TR
Jritbien BE O ey S A T N B e B 2R (L
T T s g 438 v JRE SR R T e /N B R R W T i
RS RN TR s R R ANIA 1 R

= BE
)
R S——— |

B2 AZEXEFHLEEAEMMLEXER

ik

A

H EH oL

- >~

D R h%iE AR
B1 EA#SEREE

2 TiE#R

MCHE TR O e 58 TR 3k B WL 37 22 iy 6 Bt 11 bk —
TIX VY & 3522 0l DX Ja], s TR X 8] SR FH 4 67
7 AR T, SR B I E] R 2023 4F 10 A IS, {H
T3 H#AR TN S 10 A H L P T, 254794
I IRZE R SR #4347 9 2 Horb R F TBM A
AN A 2 PR L B0 TR EFR Aol 150 m/H
$EFH % 250 m/H BE A AR T, RRE
TR 21~57 m, b E 3 22 580 5 4 KA A
Fr EHOR SR KA AE A TR U AR R A P XU A
Ko TR A 5 2 H b 22 2605 A4 48 2F 5T A
H1)Z 2 626. 6 m(di b 75%0) A LRE MR E AT
WM ZE 2 583 m (5 kb 74 %) . Jli B 3 Bl o A0 B K
TR BBl BT R B BE A 136.7 MPa (£ 54 D .
138. 4 MPa(INHKE) o P55 DX [] - AT o7 B OC & 4[]
2 R . PHFE XA AT R RS A T LA 3 s .
3 HEEM

TERURE S 4 2 B A 75 5, SR TBM #8847

41



BHE AL 25 A 11

iEZ E73
W4 P T 3 W2 i |
[k ! iz ] A
T .
4 RALTE B A

A

R /\r

HRALTE R

A i3+

il v’
éﬁtﬂ:ﬁﬁi% ‘\\
R

(b) Bk
3 BAERBALZ AXRBE 4 THELEREE

Pt O TSR] TBM BT BEIE 1) fe/ VR A R
TS B PR B 5 2 5L B L A 3 L AR L 5
T 2 R B 5 8 N g 1 ok 1 g 1 e
IINELE TR | AR X — R R ST RS AR ]
19 80 mX (RS HEEEZA-5D) i D
PR TE A TERCE A R T AR 10 m, AR
TUINIEL 4 FR . B Rt T 25 B8 w38 43 By
Bl Wi E B, BB 2 P E B, anfEl 5
IR

K XA 55 XU 45 2 22 T A s o FG A 2 1L
VEfR . WS H) TBM # 28 JF 3545 0 oy — i
T, 10 ] 24 SRRt 280t o 49 0 F SR ASE AL 1 i
T ) 235, BR 6 K - B, A5 T s v i i ¥ 2
SR R KPS i) 24 5 THUAR AN G i 24 R, 5 A
FATTIAI 2D BATT , AR v 5 0 1 R T
CIEMRAEN . A RSB R 1, il 5
3ANHIASES 4 A L FEEERE A 12 DDA TR B OIS (b) rEe2
JERENE T 144 DERIEAT I 501086 15 B A [ A 5 WEEH TBM &R THAEREE

42

80 m

4 EEER




BRI SE 5 TBM 7 i BRI fre/ )N 22 4 B 5 B B E AT 52

x1 HXEBSH

ol e /| MR | JARA L | NEEE | BRD)
(kNem *)| E/GPa v A /(] ¢/MPa

I 27 6.7 0.25 50 1.50

Az 25 2.0 0. 30 39 0.70
v 23 0.4 0.35 27 0. 20

+)Z2 |V 20 0.3 0.45 20 0. 05

HTE TR HE R Hoh 3 AN EE SF O T~ IV
P AR A S5 PO B Vg B2 R 4y S
40D, 1D. 2D, 3D, % %= J5& FE#6 B2 73 53] 0. 2D
0.4D. 0.6D. 0.8D. 1.0D. 1.2D. 1.4D, 1.6D,
1.8D.2.0D.2.2D.2. 4D,
4 ERSH
4.1 HMUBERNREBEEESN

He bR IE B TR DT BE A [ 3 5 J5 R L A () [
AR SRR anlEl 6 s

MIEL 6 BT, AR [ R 200 e B TR
ARV 4 B B 1 4 R T A7 3% 56 /N I 18 K5 7 A
[ G RE b TR B A E R L ST 3% B e

5 -

—a— [ FHTR
—o— 1L T
||V

w
T

PETHRAF/mm
[39)

1 1 L 1 1 1 1 L 1

1 1 1 J
8 10 12 14 16 18 20 22 24 26

0 2 4 o6
BAFEE/m
(2) MBS T
0 a1 3T
o [ —o— IR
—A— [V TR
8+
7._
3L
2L
*\*—+—+—+—0—+—+—*~*—‘~‘
1._
"= 3 2 2 s = = = = ==
0O 2 4 6 8 10 12 14 16 18 20 22 24 26
B FEE/m
(c) K EFEBE2DIF
E 6

G A BE I EN o I2% Rl i HE T T RA 2 11 2
Y 3~A 5 7E 1T 4 LA o SR B HE TR (7 B i
IMELRS Q0 R R DR R IR, W) 5 52 ) HE T A7 BB A
WK O 2% 1R A 2 IR BE R 8] 0. AD~1. 2D B, 4K
HJREEAE 1D~3D B BT B AA A i/ IME s BT IV
RFA R ERE TN B R K E RN 0~3D &/ F
I TC e/ M RS (H» R 1 TE vk 30 ol 43 100057 8 i o IV
KB AAEARRK ERE T MR/ NEAE. 8 14,
I 9% LA A AN [) A 4 JEE BT i 8t o032 A% e /MR
L g 7 iR,

4.2 EO#ERNREBEEESN

V0 B A /N TR R AN () 7 2 T B AN [ [
AR R OCRER L i E 8 Fis .

ML 8 AT, FEAR R A L 0 2 R
HETG b5 0 A R R — SO AR 4 R R O R Bt
o B A A TR ) B A B ) S 2 % G B T
TR R R — SO R AR R O, R v
S s B S G L /N2 IV sk, SR 4k +
T —a— 11 3T

—o— I HETH
6 - —a— IV HETH

PETALE/mm
E w

[o%)
T

(8]
T

\

1 | 1 1 1 J

1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18 20 22 24 26

BAEBE/m
(b) L EEE 1 DI
Ry p—Y 7T
11 - —o—IIZKHTH
10 L —a— VBT
9 -
8 -
g
E7f
5o
st
=S
4 -
3 =
2r W
T .\.“—I—I—I—.—I——I—H—-H
0 2 4 6 8 10 12 14 16 18 20 22 24 26
B R /m
(d) %+ FEE3 DI

MBS EEEE . e RNLtEEHNXR

43



BRI W25 W1
14 B
g 13 —:giggﬁ%
—e—[1%% 12 | —— LB A2D
12k " _—v—ﬁiEEtBD
10
- 10 s 9
Bl 00
m %
Jla R 6
g 6 Bl
o N
4+ 3k
2_
2 F 1k
0 1 | | | 1 ! J 0 8 10 12 14 ]6 18 20 22 2‘6
0 5 10 15 20 25 30 35 Eaﬁﬁ/m
R+ R /m (a) IZEAET
15
7 1% IGEENRIAREBLEER | o REREN,
s
JE R, A2 B /N IR 4 s e R R, (H ﬁ :+
TR SR AR R A B Rt e e S 10} .
A FIR BN ARSI SR, )]
PR kS HR LU B A R A R %7
B RR L AN R R T S R AER, il 9 | g:
R . 4r
N O FT 1 FBL 7 e e 1~ IV kit A Hi
BHABET KRR, I8t & SR e .
{7 s B S e T~ N B 0 0 Sl 2 e s 20 2 4 2
F=3 m
B R ot i B S IR H A e KA Y R T A R (b) I EEF
0. 4D Aty B ; B 228 20 e ot T ~ T [
14 F—— 8+ JEREH2D

1D B, R 78 %ﬂﬁwﬁ]ﬁﬁﬁ%‘i? 0.29 ~
0. 39 MRV 8 55 JRE N 0. 8D I & Jy Hb g i 54
R HE R %:!FAiJ;EjJ 2D I}, R A B
HETH PR B9 4b T 0. 29 ~ 0. 39 fFHR IR, B & R K
1.4D W4t B SR e i K R LR B
43D W, s g4t Ah 3 s HE T R B AT 0. 15 ~
0. 24 FEHEYE, B AR FE N 1. 4D Iy #t e i 53
IR R TE RS A SN N 9L )RR
1D.2D 5 3D B, B4 R FE BN, Fe g4k e i 5 1
TR EGAEL B K, TR J7 #E A1 i 5L g HE T R 25 43 ) Ak T
0.42~0.26 £%.0.32~0.25 f5 5 0.28~0. 24 £
IR,

R TR P B B /N A A S R AR U
VEECIE 3t 8 A W w47 X Lk, X EGfE Al 10
JI7R

ML 10 w0 HETSUN A% 1A 3 1 B/ Ve 4
BEAER R, H 5 R JHEE ) 5/ N 2 B E AT AE
AR R HEE T3 e /N & 4 7 A (1 W
5 SEPME R AR R UTR R T R /N

44

—— R BREA3D
10 I J/j
8 ’/—ﬁ_f;

8 10 12 14 16 18 20 22 24 26
B REm
(c) VEEAET

B8 ENHEESEAEE.FAE KLEENLR
A E TR .
5 #ig

Lﬂﬂﬁ@%:}lﬁﬂ']?kﬁﬁ LT o7 B 1k 5 4t
AT TBM i i A 25 B 18 19 /N &% 2 5 A (H, I
SR ESA T AR B W A5 S,

(DEEIEER N D B, R BT B kA, an sk
AR N G, T B T8 HE 0000 R Bl 2 o TR

SR B /m




BRI SE 5 TBM 7 i BRI fre/ )N 22 4 B 5 B B E AT 52

09 —a R 0
os e HEEENID
85 )

®

=525

ol —v— R TJEBERID
Sosl
s |

04t

k-
R03
=S|

02

0.1

L 1 1 1

0 2 4 6 8

1 1 1 1 1 1 1 1 J
10 12 14 16 18 20 22 24 26

B E/m
(a) IZHEAET
0.9 -
—=— KRR R0
08| o IR JERER D
: —— R JRERER2D
—v— KL JREREH3D
0.7 -
g 0.6
X
Hos}
1y
ﬁ% 0.4+
# M
R03F
=S|
02+
0.1+

10 12 14 16 18 20 22 24 26
BLA R /m
(b) NKHEAET

—s— KRR R0
—o— IR+ EREN1D
0.8 —— R JRERER2D
—— BB HR3D
0.7
o
iéo.s-
il
1
OS5t
b
o4l
R
=S|
03+
02+
Ol 1 1 1 1 1 1 1 1 1 1 1 1 J
0 2 4 6 8 10 12 14 16 18 20 22 24 26
A EE/m
(o) VEEAT
F9 BEEAHESESERESESEERE.
BlE HIEENXR

RPEEHE R ANFAE R/ ME T LA JCIE AT fie /N2 4 B
R R L2 [ 9L Bl B e 5 2 1 4
RBEIE PETGTREAT AR /ME S P LT AAR Y fe /N2
L R A TR P B A R B R
WK KR 0~ 3D B, S/ N S 7 TR B L

[—e— [ J#ti:
12 L Lk
—a— PR RB

IR/ N T BE/m

10 AEAFAERNBEEEEITLL

3G N 0. 2D~1. 2D,

() BRE AR D W SR i, A6 [F] i
BHEFBAEN T, R 5 A R R, /)
YR A HMK /NG & A EHBEE FEE 20N
NI NER: N (R X RSy oY VNIRRT
BARERAE ~ MK K EIEE R 1D~3D B Fe/)h
TR RE R LR L {18 R R o 2
P NE VN ER TR ek R\ R e S )
1D~ 3D B}, /N3 A B 20 TR 5 1R L dn ¢ Bl
o5 M 5 V8 T i 9/ s 2 AR R IV R, Rt
JERE R 0D B}, e /N A8 A VR 5 TR LB Bl
R 7 T2 48 o 2 B S 08 R W S e e LA e KA
FEFE AR R 0. 4D 4k,

(OHETN B 155 19 2 2 B A e/ IME E )
HEAR B 02 23 A B/ IME TS BRAE R L w] LIAE
e/ NEEE L BR A R T e ) HE AT 2] A LA E
B S B E 1 PH 2 R PR 25 e A B 1 e ) ki
T Sehs TREA —E 171,

S 3k

(17w, Bdds, 7%, 45 ARFS A5 A R E TBM
T TAERETA I AT ). BreAoR 5 TR, 2022, 22(19);
8502-8508.

[2] TEdRfe, 5. T04, % BRAE THRRERER
UG B AR B AT ], BgdioR 5 TR, 2024,
24(20) : 8699-8706.

(3] Z=WUR, BRCE . fIARZ. KIETH B B HE B 32
Bt DUE B LR R E A 4 () ] Bk,
2023, 23(20): 157-161.

[4] MA'S, LI M, JIN J, et al. The influence of shallow
buried double-line parallel rectangular pipe jacking con-
struction on ground settlement deformation[]]. Alexan-

dria Engineering Journal, 2021, 60(1); 1911-1916.
45



FHEA

F 25 11

(5]

(6]

7]

(8]

(9]

TS, ZERA, TRF8. il T AR B A T Bk B Fpe /N
AEFRERNF RO &L, 2006, 27(SD):
290-295.

IRASHS, SRIEAL . SKIT. VIR BRI T /K OO 5T
()] ERDUBE TR 2244 GER2 5 TR . 2007 (4)
599-602.

PANG L, LIU W, QIN Y. Analysis of main controlling
factors of overburden failure in coal mining under thick
coal seam geological conditions[J]. Geotechnical and Geo-
logical Engineering, 2021, 39: 883-896.

WA, XESY, FREKE, . BRIIKMER AR P A
WA B (1] & - LR, 2014, 36 (9):
1705-1713.

BACKBLOM G. Excavation damage and disturbance in
crystalline rock: results from experiments and analyses
[R]. Stockholm: Swedish Nuclear Fuel and Waste Man-
agement Co. , 2008.

[10]

[11]

[12]

[13]

[14]

XUFB. TBM 2Fi h WAKAE B A e /N A SR EE 5 [T .
2R, 2023(4) ; 87-92.

XUBS, LISC, LIURC, et al. Study on the reasonable
cover thickness of a subsea tunnel with the numerical calcula-
tion criterion method [ CJ//Geo-China 2016. New York:
American Society of Civil Engineers, 2016: 81-91.

EHE, UL, BT, 5. [RTERRE A A
HIFRATRRFELT ] PEEERY TR, 2016, 28(10): 165-169.
AL, B, UG, TR HEENE K R
BEMBEABEEULI] A2 Ji5, 2018, 39(7):
2609-2616.

RERTT . TR, PUSCHE. IR BRI TR R R A vk
WsEl]]. BURRREH A, 2010, 47(4): 1-5, 26.
ZHOU X, WANG J, LIN B. Study on calculation of
rock pressure for ultra-shallow tunnel inpoor surroun-
ding rock and its tunneling procedure[ J]. Journal of

Modern Transportation, 2014, 22: 1-11.

Numerical Simulation of Minimum Safe Cover Thickness for TBM Tunneling in Hard Rock:

Taking Xixiang-Bao’an Tunnel, Guangzhou-Dongguan-Shenzhen

Intercity Railway as an Example

LIANG Xiaoliang', YANG Yu', LIU Wei', YAN Haitao®

(1. Sinohydro Bureau 8 Co. Ltd. , Changsha 410004, China;
2. School of Civil Engineering. Central South University, Changsha 410075, China)

Abstract: The safety cover thickness required for TBM (tunnel boring machine) tunneling in hard rock is such that it is too large to increase the

total length of the tunnel design without increasing the cost. Therefore. the study of the minimum safety cover thickness for TBM tunneling in

hard rock is of great engineering significance. In light of the aforementioned considerations, the Guangzhou-Dongguan-Shenzhen Intercity

Railway Xixiang Station-Bao”an Station double-mode shield tunnel project case was drawn upon to investigate the minimum safe overburden

thickness of varying parameters under the condition of changing rock grades. The results indicate that when the arch displacement method is

employed, if the tunnel perimeter rock class is II or III, and the thickness of soft soil is between 0 and 3 times the diameter of the tunnel, then

the minimum safe rock cover thickness is between 0. 2 and 1. 2 times the diameter of the tunnel. When the pressure arch method is employed for

simulation, if the rock cover class is IT or III, and the soft soil thickness is between 1 and 3 times the tunnel diameter, the ratio of the minimum

rock cover thickness to the depth of burial exhibits a tendency to increase and then decrease with the increase of the hard rock thickness.

reaching a maximum value of 0. 39. When the overburden grade is grade IV and the thickness of the soft soil is 1 to 3 times the diameter of the

tunnel, the ratio of the minimum rock cover thickness to the depth of burial is observed to decrease with the increase of the hard rock thickness,

reaching a maximum value of 0. 42. The conclusions can provide engineering guidance for TBMs to safely tunnel through hard rock.

Keywords: minimum safe overburden thickness; TBM(tunnel boring machine) ; pressure arch; numerical simulation
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