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Fig. 1 New tunnels and existing slope

W8 FIT7E BBl A SE GG, BEE T2 4n ] 1(b)
s o BT #108 WA, LA K K 30 m B[] 40 em %
HMA A 10~ 20 B B T S s BRE N B4R 42 mm
K 4.5 m FREEE 40 cm SME A 120098 FT/N S8 S
W SCAP R BT+ A IR E -, b BT A B
%25 mm K 3.5 85 4.5 m IS AT, DM S ER
[ 4 60 cm, A1 15 p6@20 cmx20 cm HEA A R, 5 5
26 cm [ C25 TREE 1 ; AT HJE 50 em A9 C30 TR %E
5 I AP 1200 BHEAE, Gh1a] a1 R 60 em.

TR g Na o N Tl A T IS IR VN ¢
W ARt T A S g AR |, T B e i g
4 LA WATE AL b J2 e R B OR AR TE S e 4R R A B AN
REfR ABRTEFFAZIE I, AR 2 2 AT 5 25 % 8
L Z ey b i R b 2 = Rl N S A M SO R N
G 2 o, A R R RE P R R A R SR
FRPR R AT TR AT 2R 50T 7 AR R T

Hfr: m HETERE, 123,00 138 &g@v%ﬁ%
WAIETIR: c B
TR o3 OS5 -

19.15
12.15

O ef.' 8
¢ minzeg | | K DARNR
RRLREK
L. T S S
AR R R ORI
% ‘\\\‘\\\ AC 2029
: N

B 1400
SRS "’* BEK13.00, FEFE2.50
N BEK11.50, BEF£2.20
(a) P&
2l 4 o
| I -
EM@E,N
a 15.65 M=
T 915 [
YR = o =
| o |
L L L
B-BWifii
EF—"{TL m

ERT )=
7717777777777 T

(b) FITIF
2 HBRERLR

Fig. 2 Transfer system scheme
TEHUHTHEADAE A $25@0.5 m 5 S 5 4 A 3k
T, PRARP U AT R 11 HE x4 AR L B 254 A 26 HR
HETAE, o 24 UBERY HAR M 2.5 m, 35 2K 13.0 m
FROAEFN 22 AR 23.0 m AT ; 53 PIARBERY AR N 2.2 m
KN 115 mo PRBEACAS A4 3 s i Al il it S g, o



194 TRER2ESH AR

%58 %

BRTAAR 5 4.35 m J5E 1.00 m; Z2 A 22 ] 2.50 m . J5
1.00 m, f e A S I TR T 5 P AREE 1.00 m, ARSI
TRE 402 BREJZIREE R C20 41, HoAs Bir F TR B 1
¥R C35,

2 EENRIE

2.1 RIEA R R AR

Ik T A TR S O 42 i 252 1) b R 2l ik
B, W PR B0 5 2 B v o8 A % SR BRI G 1Y A 3
P 00 B R B | 3 S D A S AR LA RS A
L C=40, FE BEEAA WBM LI C=C,=C =1,
P AR B HE AR RO RS 3R ) SN ST AH I Cy=
C.=C,=40,

FIHEE S ARy TR A ERY CH BOK S R s
AR CREC LA R TR RS B it IR ) e
FIVEN EAEAERR , 23 K W RC Fisas | e 2k [l A
{14 5 S T EE R B A < AT A B A - Tl - 7K =33.0:
56.5:3.5:1.0: 6.0, A1 HA R TIREE L r4etE, B
Gy SR AR IR EIVE ] SCE R A AR A
BB 253 T R P38 SR i A 8 K 1.0:
0.7 15 52t FLFC A RS AR A B 254405 12.5 mm, 3
WZ ¢0.45 mm@1 mm>x 1 mm A% 22 IR A7 9 . B
7 BRI ) SR A A AR AR S RO 1

#1 BEE SHRESENMRSH

Tab.1 Surrounding rock and structural parameters of pr-
ototype and model material

Wy SRR BRI NEEEA

Pl pPRE (kN'm>)  EMPa  c/kPa 0/(%)
R B 2250 285.00  290.00 24.00
WHEIE gm 2250 7.13 7.25 24.00

SR AR Erﬁy_é MR RRIERKE PUERE

(kKN-m™) E/GPa m Joux/MPa
Bk B 24.00 30.00 48.00 30.00
B g 24.00 0.75 1.20 0.75
R 24.50 31.50 48.00 35.00
Peaity
im 24.50 0.79 1.20 0.88

2 R BEAG P B B 2 A 1 5 Ak R T
TR ol FF SR 2 0 A A AL, Sk IO A
HEE 24 0.75 GPao T G S ATV F A 1) &, L
SRR E IR R AR AN R, WO A EH 18—
YR 2R A% 2 mm K 750 mm A9 4K 22 26 A
i 8 B 300 mm 3 mm 8Kk K KB R
0.45 7K YR RB AR il 5, A P8 AR i 3 2o MR A ] el 2 o )
FAJE 0.3 mm@2.5 mm 4K 22 XA BL33 116 7577 9

22 RWREMFR
22,1 RBEEBAEAME

X R TEE W T iR sh G, BAAE FH R
BTENAE AR TR 1.5 m, AR 2.0 m, B R B R
R 1.2 mo FEIR IR h A B AR R B R
T RS T s O RS R A 10 min, ]
PRI B 0 40 cm , LABUASRc A0S 1 i i Ase Y

(a) 155 5

R RESS

(b) 167 525 B e
3 RERESEANE
Fig.3 Device and construction of the model

222 MERELXEGTE

P A B AR TR

LU F 2 A v A B A BRI T K

1) WER AR IR RIRURS , LA AR NS L ih A3 L
DB/ INFE M SRR T B JEE A D 5 T 8 LA AMRUR A AT B
SEAIATCIE (VAL R A0 L R AR IS ) R Ak 2 b R
AR RIS AR B PRI A AT

2) BRERIRA - 4 B A AURE R 23 J2 0 AT AR
P, BRI RS O 20 om, 53 8 BRI IS G 4 4
oy BB ST A7 B P A R A S5 R AR Y Bt



513

W I, 5 AR B IX R T8 THZE R BRI BRI i 5 5 e A

195

Y 2 HE T 8 B TR . % 8 T2 R AR TR,
BAASAERK 10 em, FRAE R 1% WIS EE
MR, BRE RS EIRIEA W8 R 1k FERG R &
I A0S AR K B T 1 il 45° 4T I8 DL L PR AL 2

3) BEIE T2 S g oo i 4 12 A
0% it

D2 DL gpzeit
i oy st
\u\ﬁ ]
’*ﬁli'l
®
ts '4' ¥ ';%

i {

D2

RAAL, TP R AR R G o th T X AFE T2
JBCEAT RIS, 7 3R B A A P il R R )
iﬂ%&ﬁbﬂﬁﬁ} , R AU ST SR I A2 300,

G i R R e R AE AR R S U
R B RUE IS R T N — A
EF—"LL: m v?]-‘)rl
T
—r | N
PGOL ] S
PGOl2 0| @
P9 —T_[21=
b %C’
1y

III 1| I
(d) T ii

MEHE

Fig. 4 Arrangement of measuring points

- S2-3
I m-m s
(c) I—1I1 1t
& 4
23 REERSHH
231 HESH

& 5 Sy % 7E T2 3 B b BE A 1 3 % 1w v A2
D1~D3 M55 72 . 1 &5 0] 401 78 R 42 i B g
HPEHER SR, BBl Bk AR U A Bl TR

L —a—D 1T Y7 T
—O—DZ(W‘L\LYﬁ m
15

1 1 1
16.()‘ 32.0 48.0
THZK B /m

(a) K%

El5 FZEdi2P R mEmm = D1~D3 NG

8 1n] 1% 25 Ta A0 A% 5 2500 55457 7% 7 3138 2 1 1 R B
SN, FEE R R TR s R IE S R BB
T RN TTRE AR 510 1.17 mm K2 1.19 mm; B A

Fig. 5 Slope displacements of the monitoring points D1 to D3 during the excavation process

232 MHEZMITAER

B S FRIG PRl R B U AL L, T2 R 1
1O -2 fh P 3 ) SEMRLARDOS /DN 5023 B B 3 T R s
RGO, QAL 6 iz o Hh P 6 R R AN R s Ak L
FE TR, BE G T2 0 280075 kv el 5 o0

U BEAR W AN R GE 2 P sh BN B R e
PRI R
_02 L
04+
£
E-06f
¥
= _osk
—A— DI 5 Z 5[]
L0 o D2l iz 1]
—u— D3 5 Z 5[]
_12 L
0 16.0 320 280
FFE K /m
(b) VIFE (REmENiES )
SHIRFS
A FRAT LA A BN TR EEAE R TR A 254 , i H R )

B T R e K R SR8 7.21 F18.29 kPa, HBIAE
S3 4k 5 Fie K1 AR A H BRAE S2 4k, 2 28.3%, i KT IHT
BRI 170N 5 S3 A 1= BER  {H S3 KT %
HUC BT AL IE T 7, R i AR | e i



196 TRl

HHEAR

%58 %

SERPEIITE , 5 A A fih g 8 38 H O, XA AR R
Bl OO0 o) B2 R, J) 1 R Tl N IR ALIE
i) A FN RN SRR B TR AR S2 /)N

—m—S1-1 5
8 —o—S2-1ill 4
—a— 831 45,
——S 131 45,
s 6 —e—S2-3i
e 3315,
E
et
]‘:*‘
e
B, L
0 L

IHEKSE/m
6 FREN.KEEENZELE
Fig. 6 Surrounding rock pressure variables at the top and
bottom of tunnel

Pl 7 Sk s T T JEC AR T £k o Hh ] 7 AT R B T
FZo R JRSRIE |, 3 AR &R A AR I,
RV 2 T T AR TARLBR R | 2o 2 1 J 8 B (R
T RE o 5 7 50 A A X B, B3 K AR 1 BLAE
S3 Wit , ELAA B A AR PR RR M, X6 0L (4 3 AR i AR 7K
A, B 58.28%107°

60 -—=—S1-1il {5
—o—S1-37 5
—a—S2- 1l
——S2- 3]l ¢
——S3- 11 5 ,.,
0 ——S330 4} s

50

S A%/10-6
W
(=)
T

20
(1 —
NI = ~o v

1 I| 1 X
240 360 480 600 720
S

E7 BREN. R rZ
Fig.7 Strain curves at the top and bottom of the tunnel

A B T THZ AU B I 20T BF R B A2 T2 1
SN | R AEAE R W I B TR0 - 10 FF 42 %8 S2 55 S3
T TG e 7 P IR 1] 247 Ay 180 s 1420 s, % i 7% E W) 7
260 s.480 s B A @ 100, v] WL S8 R AR R i 4
it —E IR &, BB A AR e v, ELAE
R ATY GRAR J5 FRAE H — R W A R AR RHAE
233 LM EN

&1 8 SRy A A AP e A ATy 22 o ph &T 8 AT

1) BETE A2 P sl i 8 95 A% 32 2 i i 2

A (Rt AE) B [l IR0 23 T AR AR, HL
I AR A T ) S /N, S R AR Ry S R A2 1 30% 5

2) AR SE A AR TE B2 2 B ) HE R TG R, St s
PRI AN AE GO AR AR IR HH BN AR S48 | A A 3] Tk
T RN AR B3, HASTE YR R 5

3) e 4G A R 8 A A R AR 3 AE T A S R 1
Db De v &, FL A B0 A2 /)N | A2 AE X L 9 Da
DA B R AR INA T1% , i T A 13 5
PR 0 A AR SR 5

4) e 4G 1A ZR HE T A L AR i 1Y HE )2 G20>G 19>
G14>G9>G10, RIS AR LB ] i, HA-AE
TR AR AR R A SRR R A

18

6_
3_
or YW 1 I 1 1 1
0 120 240 360 480 600 720
)/
(a) Pt
—o—G 19— 1 14,

——G19-2{l 5

—a—GO— 1 5
—o— G921 /5,
A ——GO-3 55,
54 ——G10-17%
T —e— G102 5]
—— G103 15
——G 14— 1] 5]
—Oo—G 1421 5|
—— G 1431 5]
1 1 1

1 1
0 120 240 360 480 600 720
ES
(b) HE AT

8 HHRLEHNT

Fig. 8 Transfer structural strains

234 BETIAAEZEAY

W& I 4225 | 1) B BT 70 1 A TR A P 2 AT A 25
P 4G I R A e T A e ) B AR B o ORI AR
AR 5K AL 4 FI AL 9 .10 FF/R S 24 5 B A i
T A 2 (R R P T A DR M B A B e A, T
R B T2 BT e 5 | L B A% B 1408

H1 P19 10 TR T S3 2 T UM LI AR , e K
IO AR ITIET T2 B PR N 28 Ky 13.6%107°, 32 BhiH



513

W I, 5 AR B IX R T8 THZE R BRI BRI i 5 5 e A 197

THAZRZMRAR /I s T BT T A TDUA A= 1.22 mm 19 fe Al
¥, S AIAL A 34T EIR IR IR AE R HEF T ARFE
AR ZR AT QRUERE A 22 4520, A by e s
BRI

12F e EKG-1
—o— K G-2
—— I KG-3

1
0 120

1 1 1 1
240 360 480 600 720
Fif[a)/s

E9 BB

Fig. 9 Truncated anti-slide pile strains

2L —=—DCHlEXTr 1
T —e—DCIM i Y7 [
—a—DGI 5 X7 17]
—v—DGll 5 Y 5[]

o —_—
o] (==
T T

KA A5 /mm
o

04r
02
0 -
0 16.0 32.0 48.0
FHZEKE/m

10 EETHUSHK AL

Fig. 10 Truncated anti-slide pile displacements

3 3HEHEDN

BRI LS RAE T W A P2 7, (A Z BR T
RIS B2 1, 0 SR AT 3 58 5 A (R B, 4N Bk
A AT N R A AR TR IR A S AR S
Foor RAEFUETT SR L, VEA 7% T8 FF 508 bR A
TR 3 05 BT, IR SR 2 X F oA, i — 248
TR TFAZ P SRR
3.1 HEER

BRI AT 70452 RS SR A0 AR B T 2 4
I BBl R 137 B 23 18] A3 A R AE | DL R ik 1
12 5D (D g W% 55 ) 5 B AN 2 52 B o e i w3
BEEN XY B Z D5 10143 3165150 .80 m, 1454
TRIUNPE 11 B 7R o 3B U T it o i i) (57 B 29 5, i
SN 8 ) (VR 2 AR, TOES A AT ] £ 5

MAEYS
#LIE.

TR IE Ak

(c) BEIEIHZ S =
El11 BEFZH 34 ERE
Fig. 11 3D calculation model of tunnel excavation

PRI PSSR B TTRLAU Bl 7 Rt i A | R T8 i
SCAPBRAE ORI B LA L R P SR B TR R T
(F)FIBEATERIAGE AL , RIS OTBHU R IE I+ WA
TSRS SIS P 35 AT T e B O A5 R R st
AR 2R IR PR BV E AR, HAR S
B2,

x2 IHEEAESY

Tab.2 Calculation parameters of the 3D model
SOkt EEy  WWEEUHE AR BEESRe/ BRI

FH4FR  (KN'm™”)  E/MPa u @) kPa
=2 22.50 285.00 0.35 24.00 290.00
C30 24.50 3.00x10°  0.17

C35 25.00 3.15x10°  0.17

Q2354 78.50 2.06x10" 0.30

A A B SR P T X T E A BT L
B SCAP R — AT RIASFAI 1 A S IS BE TR A
S5y a1 B IO 1 S T PR A
YRR, SRR BE /R O BEE PV ERFAE , ) 245 hR
T PRI BT F SR

Xof g T L TR 0.6 m, 180°7 [l 14 4 J2 It 7 #E AT i




198 TRER2ESH AR

%58 %

g R A S AL B T A B A 2 HL
Ve BEKG FL AT A i L) O S5k S B
PR B 57 D0 SR HE SR % S IR B RS K D A
AT AR EE 1, SRR R (D PR E
BIHASZ A G B RS R T 0.35 m R 5% .
Fog,+ i (1)
Sc
K E N R MPa; E, R BER S PE R
MPa; S, B HESR/H0 5 I A TET B, m s E, SRy S 424
A5 R AR B MPa; S, W TRSE AR, m®
32 HWHEIR
PR X A0 45 139 m K 8 22 4R % 3 T 169 m
KA LW , M b 4y )L Bel 45 44 52 W 38 425 1)
R, 4 G M IS TR | A0 2R R 1 T AR
SR G 3D WITAZHE R B m, HA 7 B R TH2 0k

“10F
. —=— 5
: —o—ighEs R
_14F
0 16.0 320 48.0
EITHZ K /m

(a) VL%

RO 2 m, P2 R RS IE SR THZ 5 R A 2 — R METHZ

B, HEWIR NI AR BIRIG )n , AT R
TEIFZ AT, & 120 T AR 2 14
St B8 O AZ s B R 3 THZE S, 4
B AT S —ITZ LRERIA ) —IF42 2
—IHZ 3 (RIS ) — A hiff:
3.3 SiIRERIILES

BRI D 25 KT IR ], xR
] A i 1 ML U472 T 3 T D3 ) s A 35 S5
SERHEATXF AT, AN R 12 s o p P 12 W) R0
UG5 R T3 A S i s Ak 19 (S R LA AR (B ) 5
L3S A CIER e RL PSRN DN R R URIIE S C /TS PN
HAZELY 10% , X2 PR N I8 R 2 B T2, WA )
SEA AR T A e, R A S R R A
R A B

1.4
P20 ——xr i et
Xy I
LOF —o—prii i
E | e YRR
Eosp
2
s 0.6
¥
0.4+
02}
0 = 1 1 1
0 16.0 32.0 48.0
iR 4 K /m
(b) KFir85

12 I D3N KB B SRS RII L
Fig. 12 Comparison of calculation deformation for the D3 at the slope crest with experimental results

3.4 FEREEMIZ IR
P13 g BB E T2 o B4 A5 M R 2 P o i 5 13
AT UL, B AR R R IR A 1) S MBI ARE K 2 [ 37T

(a) K-8

14 FE R as R N T~ R 14 AT LB H L 25
M B ZR Y 7, S5 13 A8 T4 5 X 1, 76 AR o7
B TR P R R A o B S A N A R R R A

[, te KK 2 167 #4351 A 2.11 mm A1 3.86 mm,
PRAERS M Db \De i &, SikIeas R (K )4, o3&
INFALREFEHIE 15 mm.

~0.02
-0.40
-0.79
~1.17
-155 E
194 5
-2.32
~270
-3.09
_3.47
-3.86

(b) i Fs
E13 REFZRERENE LE

Fig. 13 Displacement contour of the transfer structure after tunnel excavation

1.1 MPa, /N T 58 BB HE AR TT 2L 4545 1 A2
RS AE AL W, BRI T2 i B A 45 4 R 1 vl 52
YRR, Ab TR TRERES



513

W I, 5 AR B IX R T8 THZE R BRI BRI i 5 5 e A 199

B F1/kPa

El14 FHREHNIITE

Fig. 14 Stress contour of transfer structure

3.5 BREETMZT IO
15 R BEA #50 (4h LI ZEAS [R] L7 T 050 /Y

(VRSN

—-0.29
(a) WAFAE 25

+0.39
+0.13
2013
~0.39
~0.66 g
0925
~1.18 %
_1.44
I 5|
197
223

(b) e BB T2 5¢

(o) HERIEIETT25¢
15 4L EEFRRE TATHAEEE
Fig. 15 Displacement contour of the kindergarten under dif-
ferent typical work conditions

FT T 15 R 0 B A8 0 ) 40y ) L el 45 4 52 52 e
R, TR AR R 2.81 mum s 12 25 % 3 ) DXL A MIN T,
PRHEZRES A URE T Hh BN 58, e R fE N 0.39 mm.,
PRI, &l LG 2350 7 A 8 B KA 0.7%o , /N4l

182.0%0.

S HERA AR 4 LB B R, SRR R
Bk S PR A 4 3 s DT B 22 1 B A 500 (& LI ) 67 7%
KIERAE, Gn1E 16 s ot B 16 T AT, FE k% 1 T2 10
R 4 LI RS AR Ak B2 T 4 B BE A dE - D
INBIE B, FFAZ S TR T 3D A & 5 2) A8 TE i 3
B, BT AT IS 2D 36 FLN IR 32 542 0 ) 20 B
5 3) AR B, 7R3 Tl J5 2D~3DE [, th Fi%
KA AW P O 458 T, IR B R, 25
BTN 5 4) AR TR R B, A6 T 1 E A 4 )L el
KEN3DJE BB TRE.

0
~T N HH

-05 —= Y1
—o— Y2

-1.01 ——il Y3
\ ——ill Y 4

i A

|
>
(=1
T

SRR A 37 5 /mm
|

25k
MUMEIZEE IR
3.0 1 1 1 1 ——
285 675 855 103.5 139.0 JFHE5E
FRIFFFZE/m
(a) M5 Y 1~4037 7%
0.6
0.5 |—=— 25 Y'S
Y6
g |5 Y7
3 4 iy
Eosl HIFW)
=0
=
=020 o
BB
0.1 % - -
B RHE | RREBL
1 1 1 1

Il
285 675 855 103.5 139.0 JFz5%
BAUIHZHE R /m
(b) M 1Y 5~81v 4%
El16 Zh)LEMHERNE
Fig. 16 Displacement development law of the kindergarten
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Test and Numerical Analysis of Tunnel Excavation Disturbance Breaking Anti-slide Pile
in Building Sensitive Area
YANG Chunshan', WEI Lixin', WANG Yatian®, LI Yadong® , MA Hui'

(1.Guangzhou Municipal Eng. Design & Research Inst. Co., Ltd., Guangzhou 510060, China;
2.School of Civil and Traffic Engineering, Guangdong University of Technology, Guangzhou 510006, China;
3.College of Civil Engineering, Guangzhou University, Guangzhou 510006, China)
Abstract:

Objective The current research on excavation disturbance in mountain tunnels is mostly confined to primarily focused on surrounding rock defor-
mation and stability, tunnel structural load-bearing capacity and design, as well as aspects such as asymmetric loading, excavation impacts and
control. However, there is no precedent or well-documented case study for the excavation of tunnels in sensitive construction areas that involves
dismantling existing high slope retaining structures, and the key issues and challenges involved are rarely reported. Therefore, it is necessary to

propose a reasonable and feasible transfer system scheme specifically for the excavation of breaking anti-slide pile in mountain tunnels. This
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would involve clarifying the mechanical response characteristics of surrounding rocks, tunnels and sensitive structures under excavation distur-
bance, and elucidating the plastic deformation patterns and potential failure modes of the surrounding rocks.

Methods Depending on the Panzhihua Sunshine tunnel project and the principle of similarity ratio, a 1:40 scale model test device was con-
structed to investigate the mechanical response characteristics of the surrounding rock and its structure under the disturbance of tunnel excavation
by carrying out the model test of tunnel breaking anti-slide pile. Based on the model test, a 3D fine model considering the interaction of tunnel,
slope, conversion system, sensitive building, and surrounding rock was developed using numerical methods and compared with the test results to
verify the accuracy and reliability of the two research methods. Therefore, the force characteristics of the transfer structure, and the influence char-
acteristics of the existing sensitive buildings could be further analyzed, and the plastic deformation regulation, as well as its potential damage
mechanism of the surrounding rock, could be clarified. The model test and numerical calculation are in good agreement with the displacement
law and value at the key points. The numerical calculation results are generally slightly larger than the test monitoring data, and the maximum dif-
ference is 10% indicating that the methods used are reasonable.

Results and Discussions The results show that under the influence of anti-slide piles breaking during tunnel excavation, the surrounding rock
mainly underwent settlement with lateral displacement, which significantly increased before the arrival of the excavation face and gradually stabi-
lized after passing through. Moreover, the maximum displacement of the slope caused by the tunnel excavation is 1.19 mm, and the influence on
the surrounding rock from tunnel construction is well controlled. Stress disturbance redistribution is induced by tunnel excavation, and the tunnel-
surrounding rock contact pressure and strain increase caused by local surrounding rock self-weight adjustment, with the maximum pressure in the
shallow overburden area and the maximum strain increased by 28.3% and 58.28x10°°, respectively. In addition to the transient deformation, tun-
nel excavation is obviously affected by the time effect, which shows the lagging of soft rock deformation. Tunnel excavation disturbance diffusely
and attenuatively transferred to the conversion structure and caused its flexure deformation, with the maximum strain being 30% of the maximum
value of the tunnel structure. The flexure deformation is inversely correlated with the distance from the excavation face, and a sudden increase in
strain occurs during the anti-slide piles breaking process. With transient deformation characteristics, the impact of the existing slope is mainly in
the range of the neighboring piles of the breaking anti-slide piles. The breaking of anti-slide piles is merely impacted by the tunnel excavation,
with the existing slope stability factor being higher than 1.35 and in an overall stable state. Combining with the structural responses of the sur-
rounding rock and tunnel, it was concluded that the conversion structure could effectively inhibit the mechanical turbulence and ensure the tunnel-
ing safety. The neighboring existing buildings mainly experienced the sections of a small deformation, significantly-increased deformation, slo-
wly-increased deformation, and deformation stabilization during the tunnel excavation process. The weak area of the space staggered tunnel is in
the hance position of the upper tunnel above the connecting line, and preventing the plastic damage on the hance position of the oblique upper tun-
nel should be focused on during the construction.

Conclusions The research results provide a scientific basis for the scheme design and field implementation of the background project, and have
achieved perfect construction results. It has become a regional landmark building that provides a good reference for similar projects.

Key words: mountain tunnel; breaking anti-slide piles; transfer system; excavation disturbance; force deformation; model test; numerical sim-

ulation
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