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Abstract: To address the issue of deformation and cracking in existing road box culverts and tunnels
caused by shield tunneling through piles in sensitive strata, a construction scheme of the shield directly
cutting through the piles involving partial partition walls and pile foundation reinforcement for tunnel
protection was proposed. The feasibility of this scheme was verified by the standard method, and a three-
dimensional pile-soil-tunnel finite element model was established to analyze the stress and deformation
responses of the tunnel structure under different construction conditions. Based on the characteristics of
the earth pressure-balance slurry shield machine and the properties of the strata, targeted construction
control points were proposed. Ultimately, the maximum tunnel deformation was controlled at 5. 9mm, and
the stable deformation was controlled at 4. Smm.
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Fig.1 The position relation plan in the

undercrossing range
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Table 1 Structural size of existing tunnel m
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Fig.2 Geological sections in undercrossing area
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Fig.3 The positional relationship between the transition

section of the existing tunnel and the new tunnel
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Fig.4 The positional relationship between the closed

section of the existing tunnel and the new tunnel
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Fig.5 Plan layout for the existing tunnel reconstruction
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Fig. 6 Anti-floating verification after tunnel

reconstruction
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Table 2 Calculation results for standard value of

ultimate bearing capacity of a single anti-uplift pile
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Table 3 Calculation results for standard value of

ultimate bearing capacity of a single anti-uplift

pile after truncation
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Table 4 Calculation results for standard value of
ultimate bearing capacity of a newly constructed

single anti-uplift pile
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Fig.7 Spatial relationship model between shield

tunnel and existing tunnel

_A.
N i
i
:wiﬁ;‘EﬁD&%.ﬁ YiRELE
it ) ”l
2 TS LR
BiRhE

B8 EHEESHAREREHNE
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Table 5 Soil parameters of the calculation model
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Table 6 Structural parameters of the calculation model
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Table 7 Displacement of the existing tunnel induced

by shield construction under major conditions mm
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116 2.5 1.3 5.3 5.7
126 2.6 1.5 5.3 5.8

JEAE) fi R 5 K 2 B 1 52 B 52 W B = AER AL
OrMT e SRR OJE F 25 5 4 T 28 BB 1 B R e 18]

6.0 - x[Fl v 12 i) =it

%0 — 32
£ 20 Fdamg | CAdRE :
£ —— - . . 15,
® 0. 40 60 80 100 120
&-2.0 TR

4.0 ! 53

6.0 '

B9 BRABESRAUBLREMHE
Fig.9 The maximum displacement development

curves of the existing tunnel
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along the pavement for the existing tunnel
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Table 8 Internal forces in the base slab of the existing

tunnel under major conditions
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Fig. 11 Axial force in the tunnel base

slab (unit:kN - m™)

SHELL FORCE

MOMENT XY
g t1.90e+002
500 T1.33e+002
S e t1-16e+002
g, 7886001
3304 17e+001
2o 4. 38c+001
'00‘13 25¢+001
o0 0.96e+001
5—1.07e+002
o o—1.44e+002
o~ 1.81e+002
0-2.18e+002
*-2.55¢+002

a L6

o SHELL FORCE

MOMENT XY
S0, H417e+002
o0, 3296002
S aee+2.42e+002
Tect1 344002
+6.63¢+001
— 1.,6,,:*2.13e+(l(11
270, 1.096+002
< —1.97e+002
{1 50, 2-84c+002
-3.72e+002
*-4.60e+002
*-5.47e+002
*-6.35¢+002

b T.H56

SHELL FORCE

MOMENT XY
5. +7.54e+002
<. +6.19e+002
>0 44 84c+002
o t3.490+002
i t2.14e+002
Seg07-86+001
- 25.65¢+001
oo 1.92¢+002
*-3.27e+002
°-4.62e+002
*-5.97e+002
0~7.32¢+002
°-8.67e+002

¢ LHLI26

12 BERREERE (A (KN -m) -m™)

Fig. 12 Bending moment in the tunnel base
slab(unit; (kN - m) - m™)

4 BEHMYIHETFEILES
4.1 VIR Tl s

4.1.1 ik

JE R T S P B g i Wi ), oKL He
2 JE B Z W N @4 KULIEE A D, 3R
AV URY b 5 7 b W3 22, AR A A i A it T
2255, SR FH G 7K e A8 A5 2K T A - bl 4 o1 00 J2 TR
BAE4 3R AL 2 v 5 o B R R 25 DF
T ER IR S ML A T 20, IR TEBIL - S22 1%
2 P21 HEVRFE, 45 & A L H A P s A = 4 Ty
g, YA A WG, T HEE, U E
VARG AR E, 2V S50 AR b 2 3
BRI T R i AB©, @D, HiJZ , BT T Y14y
+EJE R,
4.1.2 RS EEE

)48 S HOR g JE T 280 e 45 2l
JEHRIESEL, U AR 78 v W5 S8 U0 A AR ) 7
AR, R | RS, S S R i S
BEA BRI S5 2SR S5 DL

2) ZEEE TR JE A S AT, 25 i e B
P A, R H/NE T I 18 s Ty X4 F, By 1k
WA & AW .

3) RSB B R, S B U B A s AR R R
1 B R = 2 VT S S I T B i w87 =
TR A A 3 5 FLAE 1Y) 80% , B b i AR TP 7E
AT 0 B ( 2D 5 5 /) 22 4 1 i 48 Fm (B 1Y LU A <
0.6) , Mgkekifedt , FAE R + o B8 .

4)its R R o A T A O T
FEATK AR R A 4 e R ROk 23 2 AR
FG A Bl T A B R0 A A7 DR E MDA HE B
TESHOATFENGE LT IR D K i, B AR
Ve AT o B, (A5 HE i+ 2 B 3 TR
A, G
4.1.3 I H0E ) 2

1) SEAS T W T3y b BR A ) 7E 4
FEAB I 60% , 7] 4% HH 5 458 ) 76 %0 2 (1 80% , % 1
A B R ARV AR TR 1 60% AT #41 , 4E—
SRR BN FE R % st SR BUHS i 4 4 S50

2) R AR TR s, Ay Bl 1k Ye Kk s
TAAE TSN 4 5 KUAL 2 e 40 + =X, (3
BCH W IR b5 32 2 002, A AE SR AL W I X
W, DL A A =T 5 TRl 4 il MR B AL I ) B
SLHATRUR I SCH] TR SR, GBI , 2 ]+
AR s FREYHITE MR,

3) BRBEHL R AT, o AR A 20 0GR e
MU, K R B e AL 6 3 A, R AL 300 S g
ARG OLRT, B i A7 v B, B S 98 1 52 L K A



2026 No.2

FR22 D 45 - el )2 XU R D AE T 2 A il A 1 42 il

117

SRBEAILIT )R A R WA, I FAR BE ML AT Y 1T 6
WA, B k2 F 1 R Fe . — B BB E ML R
#if7, ELIR ) ok OC A, 1 s T ) 822 AL 8 PN 3 A T
PR 7K B 35 5l 5 5 SR (TR A B 3 PR TR s E . B3
YR WK B 58 S S G IR R A Rk 4K S AN
SR RENL IS 3, TEIRBENL & 2R AT R 4K
2V A 7577 B9 A 3 B A

4) B BT 4, AR i AH < X ] UIAE 22 55, U1 )
PEARFEAS SR ST AN 7 , B 1 1 B 5 A il 32 2
PR it T2 HE N LT 3 Bz | S s PRAN AT

5) B G RPES, R e i R
PREFIRARB P TR IR AEA, YMG e N E )
W 5>20kPa B, AT FHFEUE A )6 N A eI 4 B
P PR T B DR R AR P

6) & R AR A, bR ) 26 S R [ B[]
FERE R B B, A B )5 o A SR AL 1) A
[T ) [R) 25 0 )23 e A K B3 DO SR R e [T, %F
WS RIS 3 P R T U, SRl
AR IEIA S Smm I | 38 52 m E Oy Sk R =
4.2 Uk R e i S50 B

Ao AT LG R 2 B v S A it T S0k B dn
B 13~15 s,

30 000

25000 2 oooZE
%20 000 == 15002
R 15000 X 000%
#10000 =

500
5000 4ty = TIfEHAE R
|||||||||||||||||||||||||||||| 0

B 13 AEENRAEEUNER

Fig. 13 Thrust and torque monitoring results

on the right line
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Fig. 14 Thrust and torque monitoring results

on the left line
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Fig. 15 Control of cutterhead rotation speed and

excavation speed
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Fig. 16 Monitoring results of existing tunnel settlement
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