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Research on active control of deformation of existing tunnel caused by

foundation pit excavation
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Abstract: Finite element analysis method was used to study a new type of active control system
for the axial forces of the supports, and a design method was proposed. The influence of
excavation of a foundation pit in granite residual soil layers on existing tunnels was studied

without applying active axial force to the supports. The excavation impact zone of the foundation
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pit was divided based on the displacement of tunnels at different positions on the side of the
foundation pit under the action of excavation. Based on the proposed axial force design method, a
study was conducted on the influence of active control of axial forces of the supports on the
displacement of existing tunnels during excavation of the foundation pit. The critical control ratio
of tunnel displacement control below the warning value of 10 mm was obtained, and its
distribution pattern at different tunnel positions was analyzed. The results show that the scope of
the impact zone in this stratum is relatively small compared to the existing research results. The
tunnel displacement is approximately proportional to the control ratio of the diaphragm wall
displacement. The horizontal displacement of the tunnel near the excavation depth of 0. 6 times
depth of the foundation pit needs to be strictly controlled. The critical control ratio obtained
through horizontal displacement control is smaller in areas close to the foundation pit and deeper,
and tunnel horizontal displacement control should be the main approach. The area far from the
foundation pit and shallow in depth should be mainly controlled by vertical displacement of the
tunnel. The quantitative research results on the excavation impact zone of foundation pits in
residual granite soil and the critical control ratio can provide reference for similar projects.
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adjacent to existing tunnel

X AR SR ZR BEAT R A o S 4% 1 1) [R] B 5 K- 1]
Wit 5 m. HISCHE SO AR 609 mm, BEJE 16
mm, #E 78.5 kN « m °, #i{E# & 206 GPa, MR
TSR P A MR 1 m JRE A TR - b T L TR
e 5 A G C50, & B HE TR 60 m, 5 i JBE
55 m BAE A AR A O RO SR R (RORAE A B
)5 m,

AE 0 5 AR AR AR TR DX )32 oA 2 — Rl

BJ) 2R R PR R FE R 0 AR B S5 R LK B
fift SRR AT, 5 R B R BT TR M R K 2 4 F /R A
T F L ASHIF 5 R /0N 1 AR B b AR B A5 AR (HSS A
e AR H R F1-R AR 56 Z . HSS A5 A 2 7E A Ak £ 45
RICHS B8 (g JEml B3 T 2 A~ S0k ik + 1k
(7N 7 A8 WL AT 2 5 43 531 Sk 0 B /s g AR i Gy L
KEIB R G, W/NE] 700G, B 1Y R A8 KOS 0.7
S B AEN 3 g B 55 R 5 1 A BR O 2 B0 T AR
57 YL b 5 5% A i HS B 8, sk [ B
P2 N a0 AR A5 A B Ak FR 5 R S B Al
e SRR SCHR 13 A ] 0% O 32 B 3 AR AT T IR IINE
B AR A A HSS BRI B 50 (R D).

RS AE 1 >R H] Mohr-Coulomb A< 4 15 74,
FAHL 26 kN« m *, SLPERI R 6 GPa, JAFA L HL
0.3, BT UL 700 kPa., PN B # 1 HL 39°,

F1 HRERRLT HSSKESY

Table 1 HSS model parameters for granite residual soil
/kPa | @ /() | ¢/ Ko Vur m Ry Exf/MPa | Efly/MPa | Ei!/MPa | Gi'/MPa | yo.7 | p™//kPa
10. 7 32 5 0.47 0.2 0.83 0.92 56 29 168 80 1X10°1 100

T R BBER ST s o R BN BRI 5 A BT kA 5 Ko R 15 8 6145 £ 1 F 100 £ 7 3R 805 oo S S0 PRI R IETRA L 5 om g S ASS 4 137 3 7K F-
AH AR E Re oI Ee 5 B = il 36 25 HE K 05 D1 1036 1) 2 2 B R k5 Evclo oy [ 25 18 0 2 B DA b 5 ENT D = Al 1 45 1k K 99 D0k
38 A B0 A B A GrT NS N N B/ R R AR BY DI ot A BB ) .

Hi AR AR 6.0 m, A TR BE T A g
g C50, HBEH 25 kN « m ° ,JHAA 2 0. 15, fX
B 1) W BE A 0R  BOR 0.7 F DA R B4 R I 4 3k
FEAE X BEAT B8 T8 A8 T8 7= A= (4 5% w1 s 4o ) 45 4 25 3
JERE R 0.3 m, BRIE 5 R 19 A BAE A PLAX-
IS B Al 0 5 T 500 in DA %5, 5 T o AT s &R
HORU A BRI 0. 6511,

B R SE DT A2 0% O D1 B b % 42
B OHZE -1 mQRES 1 ELE OFZRE
—6m;QWEHS 2IEXEONZE 11 m; QX
BEESHEYE QN EZEE 16 m; QIR EH 4 X
EOFZ2E 21 m;@QERES 5 B ZHE Q2%
—26 m; QW EH 6 HXHE;@IFZE —31 m; OK
B THEYHE OFZE 36 m; QRES S ¥
;B IZE—40 m,
1.4 ZHEMMEHTE

Bl A e 2R G 0 il O A ) AR AR SRR B
TSR R A T2 L B il 07, 78 52 B JF 325 055 K
T3 A AR B E 8 B 45 4 1 60 % 7E 35 1
Bl o FEEAT = sh 4 il i ) Bt i, S sl ok,
Rl 37 235 K ) S0 A /0N o B S b ] g L 5 A 0 A 4
il A 0, BB AL TL T (K A T8 S B v 38 A 4 LA

SEB . ELTAS MR 0 A% ok BE AT BT A B R Y 52
PERN 7 F I BT AR R T XU T AT S
b 3 B A 4 ) B4 45 0 S R 1 TR I {6 S 45 A )
WA AR L A BRAE . 28 732 78 M B g 1) 107 7% 42
i A A 23 7 M Gl 6 38 /N i 370 B4 45 4 1 16 3%
BIRAFL) » A SR FH 408 3 b K R 2 ) 57 3% 11 8 i ok 13
THIE . 2T SO A L 25 I8 B 77 A8 1 40 AT 1R BE
KV SRR R bR A ) R A R G 4 T REAE
(18] 2) « R SCTE FABE IR SR JH A S 45 (H 45 2R [
REE FH T 40 130 1R 35 - S AR AR A L s TR I AR SO
X 7R SR B RE i T BRAE

AW ST LARR T BE T8 18 SE HUITAZAE T 142 T8
) Xk G Oy ik B S gl ] A A H B X A% 0 A T
DURHIEAT 3 AMBEE BR (181 5)

RN — o X S A AN it i 2 h b BOX S AN
TS, T3 3245 8 o g Sh AR T 7 A 7T AR )% T
TR TSNS yv—o AKBEIE LS un—o » HoH T AR
“N=0"EnWILEN I A& uy—o/NT BB W
A ELHRF B T 00T BE G A2 R W AL/ o B A R
A un—o KT HUEE WA 20047 — 205

BN AR A — P wn o Y R/ SR B 5 1
FE Acko I HE Ack R SO BEAT — 2 1 B ) £ 3



134 AEHAFE TRFIR

2024

{ MBS TR N ]

Bs5 ETARTRBHZEMNZHTFTERREER

Fig. 5 Flowchart of design method for support axial force

based on finite element simulation
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Table 2 Support axial forces under different control ratio of case L2H4
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tunnel horizontal displacement

3.2 ETREERMBHEMDENEFHAE

Fl 12 @n T LAH4 T8 (L/he=0.4,h/h. =
0.4, WK 6, &b F52miIX 1 XN & H 3 #4547
Sl 28 T N A RS AL AR v, BE AR L A ek B
oo SETREAEEOELEM «, 5 Axi
EWRER M Al 90267 4LF] 1050y w, H 20,5
mm JH/NE] 1.8 mm, M ou,-Ack i1 20T DL A Wi T
DU B A Accn 70 4526

20 R R T 2 (90,20.5)
_(80,18.7)
15f _A70,16)
: A T60.12.7)
< 10F---e- et o SO0 T =
IR 17102 38 7 e i
S _7(40,8.1)
sk //@0,5‘7)
_~1203.9)
oL 10.1,8) . . .
20 40 60 80 100
A%

B 12 14H4 TREFIEHER

Fig. 12 Active control results of case L4H4
LAHA TOUAEA R P e Ack 17 B B9 32 45 Bl
JIhLEE 3. 456 M T LR L JT 2 iR S B B S Al

T REA BEE S AL w, B AP0 A cer
W) oA an 13 it . R AR L BE A IR T A X HE TR
h/h R E%E 5 3L 50K AR BE S 4/ he BN S Acer
BN T TR Acer /N R 35% . 4 h/h.
FE0.3~0.5 M, Accr B 1/h. 135 K 256
MEF S EER BRI EAK, B 14 x0T
Acer Cu,) (Bh o, R EBR AR A cor ) A Accr
Cu) BFEXS RANFELL B s /b JHE bR F2 1 43 A o 3
A I 5 3 T VR B A VR A X 3 i 7K P 67 S 4 il
13BN Accr B /N, B DL RE 38 7K S0 88 45 i) S 3 i
U B R 470 R B R R A DX e L R T 1% i) A7 A A
4 % iE

=

(L)X T HE 30T 42 v Al g e i 28 48 000 b ) 86
7 LAWRAT B8 38 14 (588 D 252 ) F A » 2 11 A 32 I
PERS AT 11 53 LA D8 A P2 16 LE A 0 18 R 2217 ik )
B S5 BN ST R R  A

(D AEAE R A SRR L MR 9T T IRE N 40 m
Fty S TR TR RE T T 472 68 00 [ B A B% 3 ) 5 0 I AR 4
AN TR B BB GE AL AS RN e TR IX . S EA
WFTEHA L, AE b 5 F AR - i 2 vh i 52 g XS/

(30 75 % 3 102 3% 8 3 #50°% {B (10 mm) f9 T
DUBEAT T 77 32 Bl 45 i 0T 5 o i B (e R AT B AR
[ 00T % T 37 #% e 31 T (B LT IR 0 il B 47 1
LU s SEGCHE AR 0. 6 1% 42 T B B 3T % 38 1 7K F- 137 7%
e PEAT B ™A% ) 2 A L A T R A0 L TR R TR 11 X R



F 4 HoOMGF AR FRAAVLRA BE T LR R 137

£33 L4H4 TRAFEHILBER THZERS

Table 3  Support axial forces under different control ratio of case L4H4

SCPESN Sy /RN
/%

FZ. | X2 3 P4 SPES 6 SPET P8
10 207 1 334 2 303 3222 4 058 5062 5512 7974
20 253 1434 2 338 3 156 3901 4 717 4726 7176
30 301 1553 2 442 3184 3 742 4 328 3 965 5429
40 301 1553 2 442 3184 3742 4328 3 965 5429
45 299 1603 2523 3187 3738 4 243 3783 4919
50 310 1 609 2 547 3217 3 751 4170 3 682 4 356
60 320 1662 2 635 3 284 3772 4032 3419 3 316
70 320 1698 2 744 3 383 3 806 3918 3167 2 434
80 326 1791 2 885 3 454 3 807 3 832 2918 1525
90 351 1770 2918 3 479 3 864 3 807 2 826 369
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